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Introduction

This issue of the International Journal of Central Banking includes
two of the papers presented at the conference entitled “Commodity
Prices and Monetary Policy: New Theory and Evidence” hosted by
Norges Bank on June 4-5, 2019. The conference was co-organized
with Norges Bank, the Bank of Canada, and the Centre for Applied
Macro- and Petroleum Economics. The two papers, chosen using
the same rigorous standards applied to all International Journal of
Central Banking content, are “Oil Prices and Consumption across
Countries and U.S. States” by Andrea De Michelis, Thiago Ferreira,
and Matteo Iacoviello; and “Monetary Policy, Commodity Prices, and
Misdiagnosis Risk” by Andrew J. Filardo, Marco J. Lombardi, Carlos
Montoro, and Massimo Minesso Ferrari. The program committee
for the conference was Pierpaolo Benigno, Drago Bergholt, Hilde
Bjgrnland, Oleksiy Kryvtsov, Loretta J. Mester, and Barbara Rossi.



Oil Prices and Consumption across Countries
and U.S. States®

Andrea De Michelis, Thiago Ferreira, and Matteo lacoviello

Federal Reserve Board of Governors

We study the effects of oil prices on consumption across
countries and U.S. states, by exploiting the time-series and
cross-sectional variation in oil dependency of these economies.
We build two large data sets: one with 55 countries over the
years 1975-2018, and another with all U.S. states over the
period 1989-2018. We then show that oil price declines gener-
ate positive effects on consumption in oil-importing economies,
while depressing consumption in oil-exporting economies. We
also document that oil price increases do more harm than the
good afforded by oil price decreases both in the world and in
U.S. aggregates.

JEL Codes: Q43, E32, F40.

1. Introduction

The large fluctuations of oil prices in recent years have re-ignited
interest regarding the macroeconomic effects of oil price shocks. The
conventional wisdom of academics, policymakers, and market practi-
tioners is that declines in oil prices boost global economic activity, as
increases in consumption, especially for oil importers, outweigh the
negative effects on oil producers. This wisdom has recently been reit-
erated by Arezki and Blanchard (2014), Bernanke (2016), and even
Warren Buffett (CBS/AP 2016), amongst others. However, much of

*The views expressed in this paper are solely the responsibility of the
authors and should not be interpreted as reflecting the views of the Board
of Governors of the Federal Reserve System or of anyone else associated
with the Federal Reserve System. Erin Markievitz, Lucas Husted, Andrew
Kane, Joshua Herman, Patrick Molligo, Brynne Godfrey, Charlotte Singer, and
Caitlin Dutta provided outstanding research assistance. We are grateful for the
comments by Carola Binder. Author e-mails: andrea.de.michelis@frb.gov; thi-
ago.r.teixeiraferreira@frb.gov; matteo.iacoviello@frb.gov.
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the research on the global effects of oil price changes has only looked
at a restricted set of countries (see, e.g., Jiménez-Rodriguez and
Sénchez 2005), or has focused on a set of macroeconomic variables,
such as industrial production or current account, whose responses
may not be easily mapped into those of gross domestic product
(GDP) and consumption (see, for instance, Aastveit, Bjornland, and
Thorsrud 2015 and Kilian, Rebucci, and Spatafora 2009).

This paper studies the effects of oil prices on consumption and
GDP across countries and across U.S. states. A hurdle in obtain-
ing precise estimates of the global effects of oil price shocks is data
availability. To address this shortcoming, we put together a quarterly
data set containing data on GDP, consumption, and oil dependence
for 55 countries. The coverage, which varies across countries, spans
more than 40 years from 1975 to 2018. We go to great lengths to
ensure that the data are consistent across countries and do not con-
tain breaks. Using this unique database, we estimate the effects of
oil price shocks on different countries, allowing for the effects to
vary based on each country’s oil dependence. We find that oil price
declines have large, positive effects on the consumption and GDP of
oil-importing countries, while depressing consumption and GDP of
oil exporters, and that, in aggregate, the positive effects dominate.
However, we also show that the boost to oil importers occurs rather
gradually, while the hit to oil exporters is realized fairly quickly,
thus suggesting that, in aggregate, the benefits from lower oil prices
might occur only slowly. Moreover, we show that oil price decreases
generate smaller boosts to the world consumption than the drag
from comparable oil price increases.

We conclude by presenting complementary analysis on the het-
erogeneous effects of oil shocks using state-level data for the United
States. To this end, we use state-level data on registrations of new
cars—available quarterly from 1989 to 2018—as a proxy for state-
level consumption. This data set has important advantages over
state-level data on personal consumption expenditures, as the latter
are still experimental, are available only annually, and cover a shorter
time frame. We then show that the effects of oil price declines on
consumption differ across states depending on their oil dependence,
despite the fact that these states face common monetary and fis-
cal policy. The paper proceeds as follows. Section 2 presents the
results from an aggregate vector autoregressive (VAR) model which
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groups countries according to whether they are oil importers or oil
exporters. Section 3 uses a cross-country panel VAR to dig deeper
into the heterogeneous country responses. Section 4 presents the evi-
dence from a state-level panel VAR, for the United States. Section 5
relates the results from this paper to the rest of the existing literature
on the macroeconomic effects of oil shocks. Section 6 concludes.

2. Oil Prices, World Consumption, and GDP

Changes in oil prices may reflect disturbances to global aggregate
demand as well as disturbances that are specific to the oil market.
In most of what follows, we interpret oil price changes as arising from
“oil shocks,” controlling for shifts in global economic activity that
simultaneously drive oil demand and oil prices. We interpret these
oil shocks as reflecting disruptions in oil supply due to geopolitical
or natural events, or from precautionary or speculative shifts in the
demand for oil.

In order to set the stage for the empirical analysis, it is useful to
briefly review the key channels by which an “exogenous” decline in
oil prices should affect economic activity in both oil-producing and
oil-importing countries. On the supply side, lower oil prices raise
output in the non—oil sector by reducing firms’ production costs and
causing investment and output to rise. This cost channel should be
stronger in countries or sectors that heavily rely on oil as an input in
production. Conversely, falling oil prices may depress energy-related
investment across oil-producing countries, dragging down aggregate
activity. On the demand side, lower oil prices transfer wealth towards
oil-importing countries and away from oil exporters (e.g., Boden-
stein, Erceg, and Guerrieri 2011), cause a windfall income gain for
consumers, and thus shift consumption towards oil-importing coun-
tries. This wealth effect may in turn cause GDP to rise through
multiplier effects, and may be larger in sectors that produce goods
that are complementary to consumption of oil, such as the automo-
bile sector[] Most of our analysis focuses on the consumption effects

!See Hamilton (2008) for a discussion on several channels through which oil
shocks may affect macroeconomic variables.
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Figure 1. Oil Prices and Consumption Differential
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Notes: Consumption differential is the aggregate consumption growth of oil
importers minus the aggregate consumption growth of oil exporters (black line
with y-axis on the left, or red line in online version). Real oil prices (gray line
with y-axis on the right, or green line in online version) are measured in 2009 dol-
lars. While consumption differential is measured in percentage-point difference in
four-quarter percent changes, real oil prices are measured in four-quarter percent
change. The correlation between consumption differential and real oil prices is
statistically significant at the 99 percent confidence level (***). Exporters and
importers are aggregated using weights based on each country’s GDP in constant
U.S. dollars. The list of countries and their classification of importer/exporter is
in table A.1 in appendix A.

of oil price changes, and exploit the differential exposure of oil pro-
ducers and oil importers to these changes to highlight its empirical
relevance.

Figure 1 shows our first approach to evaluating the differen-
tial effects of oil price on consumption according to the country’s
status as oil importer or exporter. It plots real oil price growth
against the “consumption differential,” the difference in consump-
tion growth between importing and exporting countries. Since 1975,
whenever oil price growth has fallen, the consumption differential has
tended to rise, that is, consumption has grown relatively faster in
importing countries. The correlation between oil price growth and
the consumption differential is —0.32 and is significantly different
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from zero. It is important to highlight the consumption differen-
tial because it offers a simple way to control for global demand-side
effects that otherwise create a positive correlation between activity
and oil prices. Indeed, separately taken, the correlations of oil prices
with importers’ and exporters’ consumption are both positive, at
0.06 and 0.34, respectively.

2.1 Aggregate VAR: Oil Importers versus Exporters

To further explore the differential responses of oil importers and
exporters, we consider a vector autoregressive model aimed at quan-
tifying the effects of shocks to oil prices on global economic activ-
ity. The VAR uses two lags and quarterly data from 1975:Q1 to
2018:Q4 on oil prices in real terms (oil;), global oil production
(oprod,), importers’ and exporters’ private consumption expenditure
(ciy and cey, respectively), and importers’ and exporters’ GDP (gdpi,
and gdpe;, respectively). Consumption and GDP are constructed
by aggregating data—using constant-dollar GDP weights—for 45
oil-importing and 10 oil-exporting countries2 The countries in our
sample, as well as their status as oil importer or exporter, are listed
in table A.1 in appendix AP The structural VAR representation
takes the form

AXt = B(L) Xt—1 +€t, (1)
Xt = [gdpzh gdpet) Citu Cet, Oiltv OPTOdt]/ ) (2)
E (€t€t/) = I, (3)

where B (L) is a lag polynomial of order 2, and E is the expectational
operator.

We then seek to isolate the effects of oil price fluctuations
stemming from oil-market-specific shocks. To do so, we use a
Cholesky decomposition of the variance-covariance matrix of the
reduced-form VAR residuals whereby oil price shocks affect oil prices
and production on impact, and consumption and GDP with a

2The sample includes countries which together contribute to about 80 percent
of world GDP.

3We take the log of all variables and then quadratically detrend them. See
appendix A for details on data construction.
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one-quarter delay. That is, the reduced-form errors can be decom-
posed as follows:
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where oil price shocks £9? affect the economy according to the fifth
column of the A~! matrix. This assumption is in line with a host
of empirical VAR studies that place asset prices after the macroeco-
nomic variables in a Cholesky ordering of the residuals of a VAR, on
grounds that asset prices are highly sensitive to contemporaneous
economic news or shocks (see, for instance, Bernanke, Boivin, and
Eliasz 2005 and Stock and Watson 2005).

Figure 2 shows the impulse response functions (IRFs) to an iden-
tified oil price shock that is normalized to imply a 10 percent decline
in real oil prices upon the shock impact. This fall in oil prices boosts
importing countries’ GDP, with a peak effect reached 10 quarters
after the shock. Importers’ consumption also rises slowly, with a
magnitude slightly larger than GDP. The larger increase in consump-
tion relative to GDP suggests that wealth effects may be an impor-
tant channel by which oil price declines are transmitted to activity in
oil-importing countries. By contrast, exporters’ consumption drops
rapidly and exporters’ GDP declines even more so, bottoming out
four and three quarters after the oil price shock, respectively. The
larger decline in GDP relative to consumption in oil-exporting coun-
tries is consistent with a rapid deterioration in investment in the
energy sector. Finally, oil production moves little on impact and
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Figure 2. Impulse Response Functions to Oil Price Shock
in Aggregate VAR
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Notes: The figure shows the IRFs to oil price shocks in the aggregate VAR
(section 2.1). Solid lines represent median IRFs. Shaded areas represent 16th
and 84th percentiles constructed with 5,000 bootstrap replications. Variables are
expressed as percent deviation from quadratic trend.

rises persistently in the subsequent quarters, peaking at 0.3 percent
above baseline after about two years. Such response supports the
interpretation of the oil price shock as being caused by news about
higher future supply.

All told, the evidence from the aggregate VAR is consistent
with the role of wealth effects on consumption for oil importers,
and suggestive of the importance of direct effects on energy-related
investment for oil exporters.

2.2 Aggregate VAR under Different Identification Strategies

Our benchmark VAR (equations (1)—(4)) orders oil prices before oil
production in the Cholesky decomposition of the variance-covariance
matrix of the residuals, with this ordering often being referred to
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Figure 3. Comparison of Oil Shocks Identified under
Different Strategies
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Notes: “Oil Price Shocks (Aggregate VAR)” represent the oil shocks identified
by the aggregate VAR from section 2.1 of this paper. “KOD Shocks” represent
the “oil-specific demand” shocks identified by Kilian (2009) averaged to the quar-
terly frequency. The correlation between the two series of shocks is statistically
significant at the 99 percent confidence level (***).

as “exogenous oil price assumption” (e.g., Stock and Watson 2016).
This assumption regards unexpected changes in oil prices, once world
factors are controlled for, as reflecting international developments
specific to oil markets, such as exogenous changes in oil supply con-
ditions. A different approach is to order oil production before oil
prices, as in Kilian (2009). With this different ordering, it is possible
to distinguish oil supply shocks—the residuals of the oil production
equation in the VAR—from oil-specific demand shocks—the resid-
uals of the oil price equation in the VAR. In this second ordering,
oil-specific demand shocks are a key driver of oil prices and are inter-
preted as shifts in demand due to concerns about future availability
of oil supply.

Figure 3 shows that the two ordering assumptions identify very
similar shocks. In particular, the correlation between our identified
oil price shocks and Kilian’s oil-specific demand shocks is 0.41, and
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is statistically different from zero. An important reason for the sim-
ilarity between our estimated shocks and those in Kilian (2009) is
that there is little contemporaneous correlation in the data between
oil prices and oil production. Therefore, once global conditions are
controlled for, it does not seem to matter whether one orders prices
before or after productionE

Our VAR ordering does not impose any restriction on the
contemporaneous co-movement of oil production and oil prices in
response to an oil price shock. If one interprets the identified shock
as stemming from oil supply, the ratio between the IRF at impact
of oil production and the IRF at impact of oil prices measures the
implied short-run elasticity of oil demand to oil prices. Given the
IRFs from our VAR shown in figure 2, production rises by 0.06 per-
cent when prices drop by 10 percent, thus implying a short-run oil
demand elasticity of 0.006, which is in the low end of the estimates
of Caldara, Cavallo, and Iacoviello (2019) (henceforth abbreviated
to CCI).

We then examine the robustness of our benchmark results
by adopting an alternative identification strategy. We retain the
assumption that oil shocks affect GDP and consumption with a one-
period delay, but we decompose the variance-covariance matrix of
the VAR residuals assuming joint oil demand and oil supply elastic-
ities (the 2 x 2 block in the bottom right of matrix A~!) in line with
existing studies, such as CCI. In particular, we assume an impact oil
supply elasticity of 0.1, which in turn implies a VAR-consistent oil
demand elasticity of —0.21H As shown in figure 4, when this newly
identified oil “supply” shock is scaled so that its effect on oil prices
is the same as that of our benchmark specification, the response of
oil production is now larger. Nevertheless, the responses of GDP
and consumption of oil importers and exporters are similar to those
estimated using the benchmark aggregate VAR.

Since the identification strategies from Kilian (2009) and CCI
yield results similar to ours, we interpret our results as relatively
robust and we maintain a similar order of variables in the VARs

4For a detailed discussion, see the appendix in Caldara, Cavallo, and Iacoviello
(2019).

®Notice that the Kilian (2009) ordering of variables implies a short-run oil
supply elasticity of zero, which is not consistent with studies such as CCI.



12 International Journal of Central Banking March 2020

Figure 4. Impulse Response Functions to Oil Shock under
Alternative Oil Supply Elasticity
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Notes: “Benchmark” IRF's are calculated using the aggregate VAR of section 2.1
and are shown in green (see online version for colors). “Alternative Elasticity”
IRFs, shown in blue, are calculated under the assumption of a world oil demand
elasticity of —0.21 and world supply elasticity of 0.1, as explained in section 2.2.
Solid lines represent median IRFs. Shaded areas represent 16th and 84th per-
centiles constructed using 5,000 bootstrap replications. Variables are expressed
as percent deviation from quadratic trend.

of the next sections. Importantly, we focus on identifying oil price
movements that are driven by shocks that are specific to the oil mar-

ket, and thus we do not try to separate out fluctuations driven by
demand or supply shocks.

3. O0il Dependency across Countries: Panel VAR

In the previous section, we assumed that the effects of an oil price
shock only depend on whether a country is an oil importer or
exporter, disregarding any cross-sectional and time-series variations
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in countries’ oil dependency. In this section, we account for such vari-
ation and show that GDP and consumption of countries with higher
oil dependency increase more after exogenous oil price declines. We
also show that oil price increases do more harm than the good
afforded by oil price decreases.

3.1 Oil Dependency across Countries

Figure 5 documents important differences in oil dependence, both
across countries and within country over time. Such differences
are obviously lost when we use the simple distinction between oil
importers and oil exporters. For a country ¢ at quarter ¢, we measure
oil dependence as the ratio of net oil imports to total oil consumption
expressed in percent:

it~ d;
diy = 100 x ocons; 1 — opro ‘) (5)

ocons;

where ocons; ; is the amount of oil consumed and oprod;; is the
amount of oil produced.

The top panel of figure 5 shows considerable differences in oil
dependence across countries in, say, 2013 (similar differences show
up when looking at other points in time). Among oil importers,
Japan and the large majority of countries in the euro area had an
oil dependence of nearly 100 percent, while the United States had an
oil dependence of about 50 percent. Among oil exporters, there was
even greater heterogeneity according to this metric, ranging from
Canada’s (net) oil exports of about 70 percent of its oil consumption
to Norway’s 650 percent.

The bottom panel of figure 5 presents evidence on the varia-
tion of oil dependency over time for a select group of countries.
For instance, Canada was a net importer in the late 1970s and
early 1980s, but now exports a large share of its oil production.
Additionally, oil dependency in the United States has fallen sharply
since 2010, following the massive growth in shale oil production.
By contrast, the United Kingdom was a large exporter through-
out the 1980s and the 1990s, but is now a net importer. Table A.1
in appendix A provides more details on oil dependency across
countries.
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Figure 5. Oil Dependency across Countries and over Time
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Figure 6. Oil Dependency and Long-Run Elasticity of
Consumption to Oil Prices
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panel regression (7) with fitted values represented by the solid line (red in online
version).

Our strategy is to exploit this heterogeneity to more precisely
estimate how economies respond to fluctuation in oil prices. Indeed,
figure 6 illustrates why a country’s oil dependence may go a long
way in shaping the link between changes in oil prices and changes
in consumption expenditures.

First, we run country-specific ordinary least squares regressions
of consumption (¢; ;) on its lag, lagged real oil prices (0il;_1), and
world GDP (Y3):

Cit = PiCit—1 + B (1 — pi) oily—1 + Yy + wiy, (6)
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where the country-specific coefficient (; can be interpreted as the
long-run elasticity of consumption to changes in oil pricesﬁ If all
countries were to respond similarly to changes in oil prices, one
should not find a relationship between elasticities 3;’s and countries’
oil dependence. Yet, as shown in figure 6, the elasticity of consump-
tion to oil prices (f;’s in circles) is negatively correlated with oil
dependency across countries.

Then, we propose a parsimonious approach to capture the het-
erogeneous responses of consumption to oil prices seen above. We
estimate a panel regression in which the long-run elasticity of con-
sumption to changes in oil prices, (3;;, depends on the country’s oil
dependency, d; 1, after a flexible transformation g (d;¢):

it = pcis1+ Biy (1= p)oily_1 +1Ys + us, (7)
Bi,t = by + b1g(d; +; b2, b3). (8)

Specifically, we assume that function g¢(d;.) follows a strictly
increasing Gompertz transformation:

g(di,t§ bg, bg) = exp {— exp [—bg (di,t — bg)]}, bQ > O, b3 € R.
(9)

By using this transformation, we can capture a wide range of rela-
tionships between an economy’s oil dependency, d; ¢, and its long-run
elasticity of consumption to oil prices, Bz’,t: from a linear one to a
nonlinear one in which lower oil dependency yields less than propor-
tional increases in the elasticity to oil prices!] Indeed, the solid line
(red in online version) of figure 6 shows that as countries become less
oil dependent, the elasticity of consumption to oil prices predicted
by regression (7) increases by a magnitude less than proportional to
what would be predicted by a simple linear relationship.

5We take logs of all variables in this regression and detrend them with a cubic
trend, with the exact detrending mattering little for the results. Also, the actual
regression has two lags on consumption.

"We estimate the model (7)—(9) by nonlinear least squares. Consistent with
figure 6, we also impose that by > 0 and b; < 0.
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3.2 Cross-Country Panel VAR

Motivated by the cross-country heterogeneity documented in the
previous section, we estimate a hybrid panel VAR that enriches the
benchmark VAR of section 2 by controlling for how the degree of
oil dependency affects the macroeconomic response to an oil price
shock. The data used are the same as in section 2: quarterly data for
the 1975-2018 period, covering 55 countries, and totaling more than
6,700 observations. We specify the hybrid panel VAR as follows:

Yit = YyyYit—1 + Vyy Yeie1 + YyeCit—1 + Yy Cr—1 + Vyz2i—1
+ (Vo + 1yag (dije—1)) 0ile—1
+ (0yo + 0yag (dit—1)) noil—y + €, (10)
Cit = QeyYit + Aoy Ye + YeyVYit—1 + Yev Yie1 + YecCit—1 + Yec Cr—1
+ YezZt—1 + (Yoo + Yead (dir—1)) 0ili—1

+ (6co + 0cag (dit—1)) noily 1 + &5 4, (11)
2zt =y Y + acCi+ Yy Yio1 + 70011 + V22201
+ Vz00ili—1 + &7, (12)
oily = oy Y + aocCr + ozt + Yoy Yi—1 + Yoc Cr—1 + Yoz 2t—1
+ Yoo0ils—1 + 7%, (13)
noil; = max (0, 0il; — max (0ily—1, 0ily_o, 0ily_3,0il;_4)), (14)

where z; is the Conference Board’s composite index of leading indi-
cators (CLI) of business cycles conditionsE oil; is the real price of
oil, ¢; + is country-specific consumption, y; + is country-specific GDP,
and C; = Zf;l wit - it and Yy = Zil wit - Yi+ are the corre-
sponding world aggregates, with w; ; denoting country Weightsﬁ All
variables are measured in percent deviation from a quadratic trend.

8See Camacho and Perez-Quiros (2002) for the CLI’s performance in antici-
pating business cycles conditions. The VAR results are similar if we use instead
the Conference Board’s composite index of coincident indicators or global oil
production.

9The estimated VAR has an additional lag for every lagged variable and
intercepts. We omit these variables in equations (10)—(13) to save on notation.
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Note that this specification assumes that shocks to oil prices affect
consumption, GDP, and commodity prices with a one-period delay

The specification above departs from a standard panel VAR
(Holtz-Eakin, Newey, and Rosen 1988) in three ways. First, we allow
countries’ responses of consumption and GDP to oil price shocks to
be a function of their time-varying oil dependence d;;. The spe-
cific functional form is the transformation g(d; ;; be, b3) estimated in
the panel model (7)—(9). Second, we allow individual countries’ con-
sumption and GDP to depend not only on their own lags but also
on lags of the world aggregates, thus modeling dynamic interdepen-
dencies across countries. The world aggregates are averages of the
country-specific variables, as done for instance in the global VAR
approach proposed by Pesaran (2006) and discussed in Canova and
Ciccarelli (2013) and Chudik and Pesaran (2016). Third, we aug-
ment the panel VAR with the net real oil price increase variable
(noil;), following Kilian and Vigfusson (2011) and similar to Hamil-
ton (1996), thus allowing for increases and decreases in oil prices to
yield asymmetric effects on economic activity, following the lead of
Davis and Haltiwanger (2001) and Hamilton (2003).

Figure 7 plots the IRFs of consumption and GDP to oil price
shocks using the 2018 values of countries’ oil dependencies. The
choice of countries showcases the heterogeneous responses aris-
ing from these differing oil dependencies. When oil prices decline
(figure 7A), consumption and GDP of oil-importer countries, such
as those in the euro area, increase. However, these increases take
time to materialize, reaching peaks after roughly 12 quarters. As
in section 2, consumption responds before GDP, suggesting that
wealth effects are larger than supply-side effects. Conversely, con-
sumption and GDP of oil-exporter countries, such as Canada and
Norway, quickly decrease, bottoming out six and two quarters after
the shock, respectively. These results are consistent with a rapid
tumble in investment, presumably in the energy sector, which then
compounds with a protracted fall in consumption, possibly due to

10T see this, notice that only the lags of oil prices (0ili—1) and net oil price
increases (noil;—1) are present in equations (10) and (11). However, differently
from a standard VAR, the cross-equations restrictions embedded in the panel
VAR (C, = Zf\;l wit - cie and Yy = Zil wit - Yi,t) produce errors that are gen-
erally correlated across equations. See Canova and Ciccarelli (2013) for discussion.
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Figure 7. Impulse Response Functions to Oil Price Shocks
to Cross-Country Panel VAR
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VAR (section 3.2). Solid lines represent median IRFs. Shaded areas represent 16th
and 84th percentiles constructed with 5,000 bootstrap replications. Variables are
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Table 1. Responses of Consumption and GDP in
Cross-Country Panel VAR

Euro | United
Area | States | Canada | Norway | World

10% Oil Price Decline

Consumption 0.16 0.06 -0.13 —0.40 0.07

GDP 0.10 0.06 —0.04 -0.17 0.06
10% Oil Price Increase

Consumption —0.23 —0.16 —0.02 0.16 —-0.17

GDP —0.16 —-0.14 —0.09 —0.03 —0.14

Notes: The consumption and GDP responses are measured as the average of their
impulse response functions during the first three years (from quarter 1 through quar-
ter 12) after a shock moving oil prices by 10 percent (in quarter 0). These IRFs are
calculated using the cross-country panel VAR from section 3.2.

negative wealth effects. The United States, neither a large net oil
importer nor a large net oil exporter in 2018, experiences more mixed
effects: its GDP leans towards a contraction in the periods imme-
diately after the shock, and only rises above trend many quarters
later, pulled by a modest rise in consumption.

Figure 7 also shows that oil price increases (figure 7B) do more
harm than the good afforded by oil price decreases (figure 7A). In
oil-importing economies, such as those in the euro area, the neg-
ative responses of GDP and consumption to oil price increases
are larger in magnitude than the positive responses to oil price
decreases, as in Hamilton (2003). In large oil-exporting economies,
such as Norway, GDP and consumption experience short-lived
expansions after an oil price increase, with these variables return-
ing to their original level after six quarters. This result contrasts
with the protracted drag to economic activity in the aftermath
of oil price declines. One possible reason for such a small boost
to oil-exporter economies from oil price increases is that these
economies could suffer large drags from the downturn experi-
enced by their oil-importer trading partners (which account for
a much larger share of the world GDP). Table 1 summarizes
these results, showing that the world GDP experiences only small
boosts after oil price declines and much larger drags after oil price
increases.
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Figure 8. Contribution of the 2014-15 Qil Price Slump to
GDP and Consumption
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Notes: The figure shows the historical contribution of oil price shocks to con-
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from the 2014:Q1 level, with the exception of oil prices, which is measured as an
index with level 100 at 2014:Q1.

In figure 8, we use the estimates of the cross-country panel
VAR to quantify how the “exogenous” portion of the 2014-15 oil
price slump affected consumption and GDP across countries. First
and foremost, the VAR attributes a large chunk of the oil price
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decline throughout that period to surprise innovations to the oil
price equation (£2 in equation (13)) in periods 2014:Q3-2015:Q1.
Other shocks, as well as delayed effects from other shocks taking
place before 2014:Q3, play a much more limited role in driving oil
prices in 2014-15. Accordingly, the response of oil prices—shown in
the top-left panel in terms of the 2014:Q1 level—closely mirrors the
actual path of oil prices.

The remaining panels of figure 8 show the response of con-
sumption and GDP across countries. The top-right panel shows
the response for the world. Consumption rises gradually, peaking
at about 0.8 percent above baseline in mid-2018. The response of
GDP is initially slightly negative, likely reflecting some drag from
declines in investment in the oil sector, but also builds to about 0.8
percent by the end of 2017. The middle panel compares the euro
area and the United States. While the U.S. response mirrors that
of the world as a whole, the response of the euro area to the oil
price decline is larger than that of the United States, reflecting the
euro zone’s larger oil dependence. In the bottom panel, GDP and
consumption fall markedly in Canada and Norway, consistent with
the fact that both economies are large oil exporters.

In appendix B, we conduct two robustness exercises. First, we
compare the oil price shocks 6?“ estimated by our cross-country
panel VAR (equations (10)—(14)) with the oil-specific demand shocks
identified by Kilian (2009). Figure B.1 shows that these shocks are
similar, exhibiting a correlation of 0.49, which is higher than the
one found by the analogous comparison done in section 2.2. Sec-
ond, we estimate our panel VAR starting in 1986, given a possible
structural break in oil dynamics around this period (e.g., Baumeis-
ter and Peersman 2013). The impulse responses for the restricted
sample, shown in figure B.2, are similar to those from our baseline
model.

4. Oil Dependency across U.S. States: State-Level
Panel VAR

In this section, we analyze how economic activity reacts to oil price
shocks across U.S. states by exploiting the cross-section and time-
series variation in states’ oil dependence. We show that consumption
(proxied by car registrations) of states with higher oil dependency
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increases more after exogenous oil price declines. We also show that
changes in oil prices generate asymmetric effects: oil price decreases
generate smaller boosts to aggregate U.S. consumption than the drag
from oil price increases.

4.1 Oil Dependency across the United States

Just like countries in the world, U.S. states are very heteroge-
neous in their oil dependence Figure 9 provides information about
cross-sectional and time-series variation in U.S. states’ oil depen-
dency, using the measure defined in equation (5). The top panel of
figure 9 shows that in 2013 states in the Northeast had an oil depen-
dence of nearly 100 percent, while Texas was roughly oil indepen-
dent. By contrast, states such as Alaska and North Dakota produced
substantially more oil than consumed, with very large negative oil
dependencies. The bottom panel of figure 9 shows that U.S. states
also exhibit considerable time-series variation in oil dependence,
with North Dakota exporting increasing amounts of oil over time
and Alaska exporting decreasing amounts. Table A.2 in appendix A
provides more details on oil dependency across U.S. states.

In order to estimate the response of consumption to oil price
shocks at the state level, we use data on retail new car registrations
as a proxy for consumption. Available at a quarterly frequency from
1989:Q1 to 2018:Q4, this data set constructed by Polk’s National
Vehicle Population Profile has important advantages over state-
level data on personal consumption expenditures, as the latter are
still experimental, are available only annually, and cover a shorter
time frame. Appendix A describes the state-level car registrations
data and shows that retail registrations at the national level are
highly correlated with NIPA (national income and product accounts)
expenditures on motor vehicles and parts.

11p fact, using the cross-sectional standard deviation of oil dependency as a
measure of heterogeneity, the U.S. states are actually more heterogeneous than
the world’s countries in terms of oil dependency. In 2013, the cross-sectional stan-
dard deviation of oil dependency across U.S. states was 200. The corresponding
number for the world’s countries was 130.
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Figure 9. Oil Dependency across U.S. States and

over Time
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4.2 State-Level Panel VAR

We set up a panel VAR that mirrors the cross-country analysis
discussed in the previous section. To do so, we use unemploy-
ment rates to measure overall economic activity at the state level.
Thus, for each state i, let u;; denote the unemployment rate in

quarter ¢t and car;; the car registrations, with U; = Zi\il Wi, tUs ¢
referring to the national unemployment, Car;, = Zi\; Wi tCar; ¢
to the national car registrations, and w;; to state-specific weights.
The rest of the notation is the same as in section 3: oil; is the
real price of oil, noil; is the real net oil price increase (equation
(14)), and z; is the CLI. All variables are measured in percent
deviation from a quadratic trend, with the exception of unem-
ployment rates, which are measured as percentage-point devia-
tion from a quadratic trend. With a specification analogous to
the one of section 3.2, the state-level panel VAR allows for het-
erogeneous regional responses to an oil shock as a function of oil
dependence:

Uit = YuuWit—1 T YuuUs—1 + Yuccar; -1 + yucCary 1
+ YuzZt—1 + (Yuo + Yudg (dii—1)) 0ils 1
+ (Ouo + Ouag (dit—1)) noily—1 + &'y, (15)
carit = Qeylit + Qv U + Yeultit—1 + YevUr—1 + Yeecari -1

+YecCari—1 + Yez2t—1 + (Yeo + Vedd (di,t—l)) oily—1

+ (560 + 6cdg (di,t—l)) nOilt—l + 5§7t7 (16)
2zt = o uUs + azcCary + vuUs—1 + v2cCary—1 + Vz22i-1
+ VzoOiltfl + 5th (17)

oily = aou U + aocCary + a2t + YouUi—1 + YocCary—1

+ Yoz2t—1 + Yoo0ils_1 + 7, (18)

where the functional form of ¢ (d; ;) is described in equation (9) with
coefficients estimated by a regression analogous to (7)

2The estimated VAR has an additional lag for every lagged variable and
intercepts. We omit these variables in equations (15)—(18) to save on notation.



26 International Journal of Central Banking March 2020

Figure 10A shows the predicted effect on car registrations of
a 10 percent oil price decline triggered by an 9" shock. For the
United States in aggregate, such shock is associated with a sub-
stantial increase in car registrations, peaking at 1.3 percent a year
after the shock, sustaining this increase for another year, and then
experiencing fading effects. The large response of car registrations is
consistent with the channels that emphasize the large oil price elas-
ticity of demand for goods that are complementary with oil, and lines
up well with the findings in the literature. For example, Edelstein
and Kilian (2009) find that vehicle expenditures are highly sensi-
tive to movements in the price of gasoline. Coglianese et al. (2017)
find an estimate of —0.37 for the price elasticity of gasoline demand,
although their numbers do not appear directly comparable to ours,
as they look at the cumulative effects of gasoline price changes.

We then turn to the state-specific responses of car registrations
to oil price drops (figure 10A). Oil-importing states face effects simi-
lar to those seen for the United States in the aggregate, and thus are
omitted from the figure. Oil-independent Texas has a response simi-
lar to the U.S. aggregate, but with a magnitude slightly smaller. By
contrast, major oil-exporting states such as North Dakota suffer a
substantial decline in car registrations, with a trough of —1.3 percent
in the quarter right after the shock. North Dakota’s car registrations
soon rise, but only to a level not statistically different from zero. This
rise may reflect the fact that, because cars run on gas, lower oil prices
make car-buying more attractive, even in oil-intensive states. More-
over, the subsequent return of car registrations to North Dakota’s
original level may also reflect the increase in overall U.S. aggregate
demand, with the close trade and financial linkages within the U.S.
states dampening the effects of heterogeneity in oil production.

Figure 10B then shows that the benefits from oil price decreases
are smaller than the losses from oil price increases also across U.S.
states. We see that shocks pushing up oil prices are followed by a
national decrease in car registrations. This decrease is larger than
the increase in registrations following a comparable oil price drop
(figure 10A). The results for Texas are qualitatively similar to those
for the national aggregate, although with smaller magnitudes. In
the case of oil-rich North Dakota, car registrations also fall after an
oil price increase, possibly due to the U.S. aggregate demand effect.
Figure B.4 in the appendix with supplementary results (appendix B)
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Figure 10. Impulse Response Functions to Oil Price
Shocks in State-Level Panel VAR
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Notes: The figure shows the IRF's to oil price shocks in the U.S. state-level panel
VAR (section 4). Solid lines represent median IRFs. Shaded areas represent 16th
and 84th percentiles constructed using 5,000 bootstrap replications. Variables are
expressed as percent deviation from quadratic trend.



28 International Journal of Central Banking March 2020

shows that results for unemployment rates are similar to those for
car registrations, with the main difference being that unemployment
rates react a bit more slowly to oil price shocks than car registrations.

All told, the state-level evidence supports the findings of the
country-level VAR. It highlights once again how varying oil depen-
dencies may imply differences in consumption responses across
regions, even if these regions face common monetary and fiscal poli-
cies. In fact, as is well known in the literature on fiscal and monetary
unions, a common policy response may either amplify or dampen the
heterogeneity of regional responses, especially when shocks present
authorities with stabilization tradeoffs. Consider for instance an oil
shock that lowers inflation and activity in North Dakota but low-
ers inflation and boosts activity in Connecticut. If the policy goal
is to stabilize activity, such shock calls for expansionary policies in
North Dakota and for contractionary policies in Connecticut. Thus,
heterogeneous policy responses would imply responses of activity in
North Dakota and Connecticut being more similar than under the
case of a common policy response.

5. Literature Review

There is a vast literature that analyzes how fluctuations in oil
prices affect macroeconomic outcomes. In particular, our paper
belongs to a growing set of studies that investigate the responses
to oil price shocks across different economies. These studies have
explored variation in geographical location, institutional develop-
ment, and net-exporting position of energy across different coun-
tries and states of the Unites States (e.g., Aastveit, Bjgrnland, and
Thorsrud 2015; Bjgrnland and Zhulanova 2018; Guerrero-Escobar,
Hernandez-del-Valle, and Hernandez-Vega 2019; and Peersman and
Van Robays 2012). In addition, Baumeister, Peersman, and Van
Robays (2010) (henceforth abbreviated as BPVR) is particularly
related to our work because of its cross-country perspective. BPVR
estimate country-specific VARs for eight different countries and doc-
ument that net-energy importing economies suffer declines in eco-
nomic activity following an oil supply shock, with these effects being
not significant or positive for net-energy exporters. BPVR also show
qualitative evidence that improvements in the net-energy position
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of countries are associated with more muted responses to oil supply
shocks.

Our paper makes four contributions. First, we explore a much
larger set of economies than previous papers by using two panel data
sets: one with 55 countries and another with all U.S. states. Second,
we exploit the variation in oil dependency both across countries and
over time—beyond the status of oil importer/exporter—thus bet-
ter quantifying how changes in oil dependency affect an economy’s
response to oil price shocks. Third, we measure the effect of oil shocks
on aggregate consumption, a variable often overlooked in the liter-
ature. We show that oil price declines generate large and positive
effects on consumption and economic activity (GDP and unemploy-
ment rate) in oil-importing economies, while depressing consumption
and activity in oil-exporting economies. Fourth, we allow asymmet-
ric responses to oil price shocks, with macroeconomic effects from oil
price increases being potentially different from oil price decreases.
We then show that oil price increases do more harm than the good
afforded by oil price decreases across both the world and the United
States.

6. Conclusions

In this paper, we provide empirical evidence that lower oil prices
boost consumption in oil-importing countries and depress it in oil-
exporting ones. This effect varies in proportion to the degree of oil
dependency of an economy. For instance, a 10 percent decline in oil
prices boosts euro-area consumption and GDP by about 0.2 percent,
while leading to declines of similar magnitudes in consumption and
GDP in oil-exporting countries such as Canada. In between, there
are countries like the United States where the effects are more mixed.
While in the short run U.S. GDP might temporarily decline, presum-
ably reflecting weaker investment in the oil industry, a gradual rise
in U.S. consumption pushes its GDP toward a modest expansion.
For the world aggregate, oil price declines boost economic activity,
although by smaller magnitudes than similar increases in oil prices.
We complement our cross-country results by showing analogous find-
ings for the U.S. states and the U.S. aggregate.
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Our results have important implications for the design of mone-
tary policy in the presence of oil price fluctuations. A large and grow-
ing literature documents how optimal monetary policy may entail
different responses to oil price increases depending on the source of
the shock, say an increase in foreign demand or a glut in foreign sup-
ply. For instance, Bodenstein, Guerrieri, and Kilian (2012) develop
and estimate a dynamic stochastic general equilibrium model with
oil in which multiple shocks drive oil price fluctuations. In their
model, the peak response of output and consumption to oil shocks
happens in the same period of the shock. They find that no two
shocks induce the same policy response, even controlling for the same
path of oil prices implied by the shocks. They further show that, in
the wake of fluctuations in oil prices, a monetary policy rule that
places a higher weight on stabilizing wage inflation fosters the sta-
bilization of core inflation. Our evidence reinforces their argument,
by showing that the same shock may imply different macroeconomic
responses depending on the oil dependency of a particular country.
It also illustrates an important challenge for extant models of the
oil market and the macroeconomy, which may want to incorporate
features such as habits and adjustment costs in order to capture the
delays in which oil shocks affect economic activity.

Our evidence shows that changes in oil dependence may imply
nontrivial effects of changes in oil prices, that the effects of oil shocks
on consumption may take time to materialize, and that the response
of GDP to an oil shock is not equal to the mere contribution of con-
sumption, presumably because investment in the energy sector may
be sensitive to changes in oil prices too. We view such evidence,
gathered from a large set of countries over a long time period, as
providing a useful empirical benchmark to gauge the plausibility of
the policy recommendations of optimizing monetary models of the
business cycle that incorporate an oil sector.

Appendix A. The Data

A.1 Country-Level Data

The sample includes 55 countries for which it was possible to assem-
ble sufficiently long and reliable data on quarterly real consumption
and quarterly real GDP from the country’s official statistics. Of the
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richest countries in the world (measured by total GDP in U.S. dol-
lars), we do not include China because of the lack of consumption
data at a quarterly frequency. By the same reason, we exclude some
of the largest oil producers, such as United Arab Emirates, Iraq,
Kuwait, Nigeria, Qatar, Angola, Algeria, and Kazakhstan.

In the aggregate VAR analysis, we construct GDP and consump-
tion using data for real consumption and real GDP using weights
based on each country’s GDP in constant U.S. dollars from the
World Bank World Development Indicators (if the data are miss-
ing, the weight is set at zero, and the weights of other countries
are changed accordingly). We list in table A.1 all countries in our
sample, their oil dependency, their sample weights for the year 2013,
and their data coverage.

Oil dependency is constructed using annual data on oil produc-
tion and consumption from the BP Statistical Review of World
Energy (with data dating back to 1965). An advantage of these data
is that, barring small changes in year-to-year inventories, they sat-
isfy the identity that oil production must be equal oil consumption
over very long horizons. For countries that are small oil producers,
the BP Statistical Review does not report data (shown as missing
in table A.1). In these cases, we search for oil production and con-
sumption in the CTA World Factbook and the International Energy
Agency (IEA). If we find these oil statistics, we set oil dependency
to a constant implied by the data for all years. If we are not able
to find the data in either the BP Statistical Review, the CIA World
Factbook, or the IEA, we set oil dependency to 1 in all years. In
all these cases of small oil producers, the implied oil dependency is
above 0.65.

A.2 State-Level Data

The key variable included in our state-level panel vector autoregres-
sion is “new car registrations, retail” broken down by state of regis-
tration. This measure is constructed using data from Polk’s National
Vehicle Population Profile, which is a census of all currently reg-
istered passenger cars and light-duty trucks in the United States.
Polk’s New Registration Data provides detailed indicators for new
vehicle registrations (including where the vehicle was registered).
The “retail” file represents new vehicles purchased by individuals,



March 2020

International Journal of Central Banking

32

(panurguoo)
70O:810% 10:6L61T 0 9¢9 86 ¥8°0 wnrseg
708102 10OGL6T 0 60¢ 96 980 U9paMG
70O:810¢ 108661 0 8€¢ €6 88°0 puerod
70O:810% 10GL6T 0 6¥¢ 00T 70T pueIezImg
70O:810¢ 10:600¢ 1 €611 167'¢ 08%— 20T BIqRIy Ipneg
708102 10OGL6T 0 868 76 SY'T SpUeLIoYION
70O:810¢ 10:€861 0 788 €991 Ly €81 RISOUOPU]
70O:810¢ TO:L86T 0 152, 00T 99°'T Lam,
70O:810¢ 10:0861 1 GL8'T 7€0°C 17— 96'T ODTXdIN
70O:810¢ 10OGL6T 0 GGV'C 96 70°C BAI03]
70O:810¢ 10:GL6T 0 L0¥ ¥€0°'1 19 €1'e RI[RIISNY
70O:810C 1OGL6T 0 G6T'T 16 1€°% uredg
70O:810¢ 108661 1 608°0T GeT'e GVe— 68°C RISSTY]
70O:810¢ 10OGL6T T 000'% €8¢°C 89— 96°C eprRUR))
70O810¢ z0:9661 0 906 LTL'€e 9. 2€°€ e1puU]
708102 10OGL6T 0 P11 0921 16 87'¢ ATesy
70:810¢ 10:0661 0 011G vol'e 49 187 [1zeig
708102 TOGL6T 0 798 SISGT 157 ov'v wop3ury] pajru()
70:810C 10:6L61 0 799°'1 16 g9y PoueRI]
70O:810C 10:G6L6T 0 0¥%'C €6 019 Aueurion)
70:810C 10:6L6T 0 915y 26 G001 ueder
708102 10OGL6T 0 1.0°0T 196'ST Ly €0°LT S9je}S paju()
9jre( puy | 9je( els | Jojrodxy | uorjonpoad | uonpdwnsuo)) | Aouspuada( | aJaeys A1jpuno)H
o 1{0) 1{0) da»

Ay[Iqe[reAy eje pue £10g Ul Aouepuade( 10 AIIUN0)-sso1) "T'V SqeL




)
™

Oil Prices and Consumption

Vol. 16 No. 2

(panurguoo)
708102 TO:C661 0 621 8 €20 Are3unyg
708102 1O:GL6T 0 161 99 120 pue[eo7 moN
708108 100861 0 191 ke 9% 0€°0 niog
70:810¢ 109661 0 781 76 9¢€'0 oriqndey Ydaz)
708102 TO:CL6T 0 6£% L6 8€°0 eSnjaog
708102 10:CL6T 0 8€T 66 070 puefaI]
708103 TO: 1861 0 9z¢ 76 0¥'0 sourddiiy g
708102 10:CL6T 0 G6C 86 v 90991)
708108 10:GL6T 0 161 6 Ao pueruL]
708102 100661 0 11€ 00T ero 8uoy] Suoy
7018108 109661 0 298 6 €70 Slitfe)
708102 10661 0 Lve 86 70 [oRIS]
708102 TO:GL6T 0 6ee'1 6 V0 arodesurg
708102 101661 0 929 €08 (& 160 eIsAeTe]
7018108 10:G6L6T I 8LT 86T er— 9¢°0 srewrud(J
708102 10:000¢ 1 700°T 86¢ L€C— L0 RIqUIO[O))
7018108 T0O:€66T 0 sy 66T c9 G9°0 pue[rery,
70:810¢ TOGL6T 0 cLs ) 69°0 BOLY [INOS
7018108 10:G6L6T 0 792 L8 69°0 RIS
705108 10:L661 T 089°C 49 eve— GL0 R[ONZOUDA
708102 TO:GLET 1 8681 €ve 9¢9— LL0 AemioN
70:810¢ 106661 0 Lv9 €89 g 8L°0 UG IY
gO:810¢ D008 I L19°¢ 110T 08— 6.0 uely
708102 10:CL6T 0 0T10°‘T 00T €80 wemIR],
9re( pud | 9re Iels | J9jrodxy | uorjonpoid | uonpdwmsuo)) | Aduspuada(q | ageys A1yuno)H
1o 1{6) 1{0) dao

(ponurjuo)) ‘1'V S[qeL




March 2020

International Journal of Central Banking

34

*€10g utl Aouspuadop 10 9AI11RSAU [HIM SILIJUNOD oIe  SI9310dXd, oY) ‘YYA 2re80133e oy uy *(A[rep s[oireq
puesnoy)) sso[ pue [pnj AIDUYSI pU® SIONUNJ SULIRW pue Uoljerae [euorjeuwrsjur snid puewsp puepur st uorndwnsuod (1) “(A[rep s[pireq pues
-noyy) (sTOHN) spmbif sed [einjeu pue ‘spues [10 ‘[10 94813 ‘[10 opnid jo uorgonpoad st uorgonpold (10 (610 dunpf Ul popeouMmop ‘A3I0UF PIIOA
JO MOIADY [edI)SIIe)S Jg :99aN0s) pawnsuod [10 jo afejusdtad e se peonpoid [I0 SNUIW POWINSUOD [I0 S8 paje[nd[ed st Aouspuadep [10) :$930N

708102 TO:L66T 0 a1 001 €00 pue[a0]
70:810¢ 107661 0 LT 00T €00 rURMS}Oq
708102 100661 0 qz 001 €00 Iopeaes i
70:810% 10:G661 0 1€ g9 700 BIUO)ST]
708108 109661 0 €e L6 S0°0 rIAYRT]
708108 109661 0 09 66 80°0 BTUIAOTS
708102 TO:GL6T 0 L8 001 010 Samoquiexnry
7O8T0C TO:066T 1 128 LVe e11— v1°0 Jlopenoy]
708108 106661 0 QL 68 910 BI[RAO[S
aje( puy | °re( Mels | J9j1odxy | uornpoldd | uvonpdwnsuo)) | Aouopuado( | oJeys A1jpuno)H
Ito o Iro aan

(ponuruop) ‘1'V oqeL




Vol. 16 No. 2 Oil Prices and Consumption 35
Table A.2. U.S. State-Level Data in 2013

Car Oil Qil Qil
State Share | Dependency | Consumption | Production
California 11.45 48 1,713 891
Texas 8.55 —16 3,564 4,153
Florida 7.14 99 824 10
New York 5.77 100 658 2
Pennsylvania 4.45 96 618 24
Illinois 4.26 93 627 43
Michigan 4.21 93 449 32
Ohio 4.17 94 589 36
New Jersey 3.55 100 516 0
Georgia 2.94 100 471 0
North Carolina 2.86 100 437 0
Virginia 2.58 100 425 0
Massachusetts 2.25 100 298 0
Maryland 2.17 100 253 0
Arizona 1.88 100 267 0
Indiana 1.86 97 398 11
Missouri 1.86 100 325 1
Tennessee 1.84 100 352 1
Wisconsin 1.81 100 279 0
Washington 1.71 100 369 0
Louisiana 1.62 71 1,102 322
Colorado 1.48 —21 246 297
Alabama 1.48 83 268 47
Minnesota 1.47 100 318 0
South Carolina 1.36 100 262 0
Connecticut 1.27 100 167 0
Oklahoma 1.14 —93 267 516
Kentucky 1.10 97 303 10
Oregon 1.09 100 172 0
Arkansas 0.94 83 172 30
Towa 0.92 100 241 0
Kansas 0.79 —16 180 210
Mississippi 0.79 50 219 109
Nevada 0.77 99 119 1
West Virginia 0.65 69 106 32
Utah 0.63 —6 148 157
New Hampshire 0.60 100 80 0
New Mexico 0.60 —275 123 460
Nebraska 0.55 90 123 13
Maine 0.44 100 99 0
Hawaii 0.40 100 116 0
Delaware 0.36 100 51 0

(continued)
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Table A.2. (Continued)

Car Oil Qil Oil
State Share | Dependency | Consumption Production
Idaho 0.36 100 84 0
Rhode Island 0.33 100 44 0
Vermont 0.28 100 44 0
Montana 0.28 —47 89 131
South Dakota 0.24 86 61 8
North Dakota 0.22 —-1,119 115 1,398
Alaska 0.20 —591 122 841
Wyoming 0.19 —246 82 284
District of 0.14 100 10 0

Columbia

Notes: Oil dependency is calculated as oil consumed minus oil produced as a percentage of
oil consumed (source: U.S. Energy Information Administration: State Profiles and Energy
Estimates). Oil production is production of crude oil by state (sumcrudestate). Produc-
tion of crude oil by state is scaled up by the ratio of total U.S. oil production from the
BP Statistical Review (which includes tight oil, oil sands, and other NGLs and including
offshore production) to sumcrudestate (which is about 1.5), so as to facilitate compar-
ison with oil-dependency measures by country. Oil consumption includes all petroleum
products consumed, and lines up with oil consumption from the BP Statistical Review.

Production and consumption are in thousands of barrels daily.

thus excluding registrations of rental, fleet, government, and other
commercial use vehicles. From 1989 to 2002, Polk’s data is computed
by marketing regions, with information also available for states. We
then splice this data set with the one for 2002 onward, which is
computed directly at the state level. As shown by figure B.3, retail
registrations at the national level are very highly correlated with
durable goods, namely motor vehicles and parts from the NIPA.
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Appendix B. Supplementary Results

Figure B.1. Comparison of Oil Shocks Identified under
Different Strategies
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Notes: “Oil Price Shocks (Cross-Country Panel VAR)” represent the oil shocks
identified by the panel VAR from section 3.2 of this paper. “KOD Shocks” repre-
sent the “oil-specific demand” shocks identified by Kilian (2009) averaged to
the quarterly frequency. The correlation between the two series of shocks is
statistically significant at the 99 percent confidence level (¥**).
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Figure B.2. Impulse Response Functions to Oil Price
Shocks in Cross-Country Panel VAR, Data Post-1986
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Notes: The figure shows the IRF's to oil price shocks in the cross-country panel
VAR (section 3.2) using data from 1986 onward. Solid lines represent median
IRFs. Shaded areas represent 16th and 84th percentiles constructed with 5,000
bootstrap replications. Variables are expressed as percent deviation from qua-
dratic trend.
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Figure B.3. New Cars’ Registrations and Motor Vehicles
Expenditures from NIPA
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Note: This figure compares NIPA expenditures on motor vehicles (in real terms)
with the aggregate data on new cars’ registrations from Polk’s National Vehicle
Population Profile.
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Figure B.4. Impulse Response Functions to Oil Price
Shocks in State-Level Panel VAR
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Notes: This figure shows the IRF's to oil price shocks in the U.S. state-level panel
VAR (section 4). Solid lines represent median IRFs. Shaded areas represent 16th
and 84th percentiles constructed using 5,000 bootstrap replications. Variables are
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How should monetary policy respond to commodity prices
when the underlying drivers are difficult to diagnose accu-
rately? If monetary authorities misdiagnose commodity price
swings as being driven primarily by external supply shocks
when they are in fact driven by global demand shocks, the
conventional wisdom—to look through the first-round effects of
commodity price fluctuations—may no longer be sound policy
advice.

To analyze this question, we employ the multi-economy
DSGE model of Nakov and Pescatori (2010), which splits
the global economy into commodity-exporting and non-
commodity-exporting economies. In an otherwise conventional
DSGE setup, commodity prices are modeled as changing
endogenously with global supply and demand developments,
including global monetary policy conditions. This framework
allows us to explore the implications of monetary policy deci-
sions when there is a risk of misdiagnosing the drivers of com-
modity prices.
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We first confirm that monetary authorities deliver better
economic performance when they are able to accurately iden-
tify the global nature of the shocks, i.e., global supply and
demand shocks, driving commodity prices. Moreover, we show
that when it is difficult to identify these shocks, monetary
authorities can minimize some of the adverse feedbacks from
misdiagnoses by targeting core inflation. Finally, we highlight
the implications of misdiagnosis risk in the case where the
monetary authority misinterprets supply-driven increases in
commodity prices as demand driven; the contraction in both
output and core inflation is larger than in the case of an accu-
rate diagnosis.

In light of recent empirical studies documenting the sig-
nificance of global demand in driving commodity prices, these
findings call for giving greater prominence to global factors in
domestic monetary policymaking and highlight potential gains
from focusing on accurate diagnoses of domestic and global
sources of shocks.

JEL Codes: E52, E61.

1. Introduction

Over the past decade, global commodity prices have experienced
wide swings, reaching historically high levels in the run-up to the
Great Recession before plummeting as the global economy collapsed.
Prices subsequently rebounded with the global economic recovery
but then fell again amid significant policy concerns. While challeng-
ing, this type of volatility is not a new environment for policymakers.
Even though most commodity prices remained broadly stable dur-
ing the so-called Great Moderation, they were quite volatile in the
1970s amid geopolitical tensions that pushed oil price volatility to
then-unprecedented levels.

It was the experience of the 1970s that forged the conventional
wisdom about how monetary authorities should respond to com-
modity price fluctuations. Commodity price fluctuations were seen
largely as the result of exogenous supply shocks; in such an environ-
ment, the conventional wisdom that emerged was that, when facing
such swings, monetary authorities should look through the first-
round price effects and only respond to the second-round effects
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on wage and inflation expectations. In practice, this suggested a
monetary policy focus on core inflation.

Views about the drivers of global commodity price swings have
been evolving, especially in recent years, as a growing body of
statistical evidence points to a new interpretation of commodity
price swings. Kilian (2009), for example, finds evidence that oil
price fluctuations have been increasingly influenced by demand
from commodity-hungry emerging market economies (EMEs). The
most recent literature has not challenged this view: Kilian and
Baumeister (2016) argue that the oil price decline in 2015 should
also be ascribed to a slowdown in global economic activity; and
Stuermer (2017) and Fueki et al. (2018) emphasize the role of
demand shocks in a historical perspective. In a similar vein, Suss-
man and Zohar (2016) report that commodity price fluctuations
can be taken as a proxy for global demand. In a broader con-
text, Filardo and Lombardi (2014) note the growing prominence
of these global demand shifters for EME inflation dynamics. This
evidence raises doubts about the relevance of the conventional
wisdom.

The prominence of endogenous commodity price swings has
important implications for monetary policy, given its central role
in influencing aggregate demand. The relationship between mone-
tary policy decisions and endogenous commodity prices implies an
important two-way link. Monetary policy decisions influence aggre-
gate demand and hence commodity prices. Indeed, Anzuini, Lom-
bardi, and Pagano (2013) and Filardo and Lombardi (2014) report
evidence that loose monetary policy has had an effect on commodity
prices via the global demand channel[] At the same time, commod-
ity price swings influence price stability and hence monetary policy
decisions.

Given the global nature of commodity prices, misdiagnosis risk
is particularly high in a world of many central banks with purely
domestic monetary policy mandates. Individual countries may think
that because they are sufficiently small, they can reasonably ignore
the effect of their own policy decisions on the rest of the world,

There is evidence that U.S. monetary policy plays a special role. Akram
(2009) finds that lower interest rates in the United States boost commodity prices
via an exchange rate channel.
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and hence on commodity prices. This would be the case if all
economies were hit by uncorrelated idiosyncratic shocks. However,
global shocks imply that central banks are likely to respond in a
correlated way which would endogenously feed back on commod-
ity prices. A failure to internalize the endogenous feedbacks could
contribute to economic and financial stability concerns (Caruana,
Filardo, and Hofmann 2014; Rajan 2015).

From a modeling perspective, this discussion suggests the impor-
tance of developing monetary policy models with endogenously
determined commodity prices and monetary authorities that are
subject to misdiagnosis risk. To date, the bulk of the theoretical
literature has stayed clear of models with endogenous commodity
prices (see, e.g., Leduc and Sill 2004, Carlstrom and Fuerst 2006,
Montoro 2012, Natal 2012, and Catao and Chang 2015). Moreover,
this literature has generally focused on how a monetary authority
should respond to exogenous movements in oil prices, e.g., whether it
is optimal to target core or headline inflation and whether commod-
ity price movements have far-reaching implications for the tradeoff
between stabilizing output and controlling inflation. For example,
Blanchard and Gali (2010) have gone so far as to argue that an
increase in commodity prices driven by foreign demand can still
be treated by a domestic monetary authority as an external sup-
ply shock. Such a conclusion is less tenable in models of endoge-
nous commodity prices and correlated monetary policy reaction
functions.

Various theoretical papers have addressed the endogeneity of
commodity prices in small-scale dynamic stochastic general equilib-
rium (DSGE) models (e.g., Backus and Crucini 2000; Bodenstein,
Erceg, and Guerrieri 2008; and Nakov and Nuno 2013). How-
ever, these models have generally ignored monetary policy, focus-
ing instead on oil price determination and the frictions affecting
it. Nakov and Pescatori (2010) is an early attempt to characterize
monetary policy tradeoffs in a DSGE model in which oil prices are
determined endogenously. Another important contribution to this
literature is Bodenstein, Guerrieri, and Kilian (2012), who highlight,
as we do, the benefits of identifying the nature of the shocks hitting
the economy.

Our model extends this class of models by considering the pol-
icy challenges facing a monetary authority when it tries to infer the
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source of commodity price shocks3 Namely, there is a risk that a
monetary authority may misdiagnose a commodity price swing as
being driven by an external supply shock when it is, in fact, driven
by an endogenous global demand shock, and vice versa. In our model,
the commodity price is endogenously determined in equilibrium by
the interplay of global demand and commodity supply from two
types of commodity-exporting economies—one competitive and one
monopolistic. In this setting, the optimal monetary policy response
to commodity price swings depends on the perception of the under-
lying drivers of the swings. Unable to fully know the nature of the
drivers, the monetary authority infers them via signal extraction,
thereby opening up the possibility of systematic misdiagnoses.

The modeling exercise delivers several policy-relevant implica-
tions. First, it is important to distinguish between global demand
and supply shocks when responding to commodity prices. If it is pos-
sible to accurately diagnose the source of a shock, our model finds
that the best response to demand shocks is to lean against them
fully (a result consistent with a standard New Keynesian closed-
economy model). The best response to commodity supply shocks
(i.e., a decrease in commodity prices) is to look through them.

Second, the conventional wisdom of looking through the first-
round effects of commodity price swings is not always optimal. In our
model, this result arises because our model breaks the “divine coin-
cidence” between inflation and output gap stabilization (e.g., Blan-
chard and Gali 2007), which is a standard feature of DSGE models
with exogenous commodity prices. The breaking of the divine coin-
cidence comes, in part, from the assumption of a monopolistically
competitive commodity exporter, and in part from the imperfect
information environment.

Third, misdiagnosis risk matters. In the case where the monetary
authority misinterprets supply-driven increases in commodity prices
as demand driven, the contraction in both output and core inflation
is larger than in the case of an accurate diagnosis. This indicates
another reason for the breakdown of the divine coincidence in this
model (even if the dominant exporter acts as a price taker). This

2See Filardo and Lombardi (2014) for a discussion of commodity price misdi-
agnosis risks in the context of Asian EMEs.



50 International Journal of Central Banking March 2020

result underscores the potential benefits of trying to correctly diag-
nose the sources of commodity price swings when setting monetary
policy. For example, a monetary authority that misdiagnoses global
demand shocks as external supply shocks amplifies cyclical fluctua-
tions (including commodity prices) and, as a result, destabilizes the
economy.

2. Outline of the Baseline Model

We present a global monetary policy model in which commodity
prices are determined endogenously, in the spirit of Nakov and
Pescatori (2010, hereafter NP). The global economy is split into
commodity-importing countries and commodity-exporting ones.

The commodity-importing countries are treated as one represen-
tative economy. It imports the commodity both for consumption
and as an input in production of final goods and services. The firms
produce final goods and services in a monopolistically competitive
way in the face of nominal rigidities.

The commodity-exporting economies comprise a dominant
commodity-exporting economy and a fringe of smaller competitive
exporters. The dominant commodity-exporting economy has mar-
ket power and sets prices above marginal cost. The fringe of small
exporting countries operates competitively, taking the global com-
modity price as given. Consumers in these commodity-exporting
countries buy final goods and services from the commodity-
importing economy

The role of the central bank is to set monetary policy a la Tay-
lor (1993). We extend the NP model by considering two types of
uncertainty that the central bank faces. The first is real-time data
uncertainty. Because inflation and output are typically only observed
with a lag, we model the central bank as reacting to expected infla-
tion and the expected output gap. The central bank can observe and

3Note that cross-border financial autarky is assumed, implying that current
accounts are balanced in each period. Also, trade is assumed to be carried out
in a common global currency, suppressing potential tradeoffs from exchange rate
dynamics. These assumptions streamline the analysis and allow us to highlight
the key implications of misdiagnosis risk which would be more complex in a richer
model.
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respond to commodity prices in real time. Relaxing the perfect infor-
mation assumption opens up one way, within this class of models,
for us to explore the consequences of central bank miscues in set-
ting the policy rate. Second, and much less frequently addressed in
the literature, is uncertainty about whether the commodity price is
driven by demand or supply shocks. We assume that central banks
cannot directly observe the source of commodity price shocks, but
policymakers use available data to infer them. We explore the infer-
ential challenges and implications that arise from the misdiagnosis of
shocks, thereby shedding further light on the practical use of DSGE
models.

The rest of this section sketches out the structure of the model.
In addition to the two key points mentioned above, we also deviate
from the Nakov and Pescatori (2010) setup in three other respects:
(i) we introduce the commodity good into the households’ utility
function, which allows us to consider nontrivial policy responses to
differences between headline and core inflation; (ii) we interpret the
commodity as a broad basket of commodities rather than focusing
narrowly on oilf] and (iii) we solve the Nash (instead of the Ram-
sey) problem for the dominant producer so as to reflect realistic
information constraints facing producers

2.1 Representative Households and Firms in the
Commodity-Importing Economy

Imported commodities play two roles in this economy. For house-
holds, commodities enter the consumption basket; as mentioned
above, we make this dependence explicit to highlight the mone-
tary policy implications of headline and core inflation. For firms
in the commodity-importing economy, commodities are used in the
production of final goods and services.

4This is consistent with the view that commodity markets as a whole remain
an important driver of short-run inflation dynamics and often reflect cartel-like
behavior for metals (and minerals) and anti-competitive behavior for foodstuffs
(see Organisation for Economic Co-operation and Development 2012).

°The computer code for the model is available at |http://www.
macromodelbase.com/.
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2.1.1 Representative Households

The representative household has a utility function over consump-
tion (Cy) and labor (L),

oo L1+v
= t*to 1 - ¢ 1
U= B 38 e (e - ]

where e, is a preference shock v and is the inverse of the labor supply
elasticity. Consumption is defined as a Cobb-Douglas aggregator of
final goods and services, Cy, ¢, and the commodity, Mc +:

Cr = (Cy)' 7 (Mey) . (2)

Cy,: is a Dixit-Stiglitz aggregate of a continuum of differ-
entiated goods and services, Cy (z), of the form Cy; =

1 =1 =1
[fo Cyi(z) © dz] .

The household maximizes its intertemporal utility subject to the
period budget constraint,

WyLy By 1B, It T,
Ct:

+ =+ =, 3
P, P, R:P, P P ()
where W; is the nominal wage, P; the price of the consumption good,
B; the end-of-period nominal bond holdings, R; the riskless nomi-
nal gross interest rate, I'; the share of the representative household’s
nominal profits, and 7; the net transfers from the government.

2.1.2 Firms

Monopolistically competitive firms in the commodity-importing
economy produce final goods and services using a Cobb-Douglas
technology:

Yi(2) = AL (2)' 7 My, ()7, (4)

where My is the commodity input and « denotes the commodity
share in production. The firms’ cost-minimization problem implies
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an expression for the real marginal cost, given the real commodity
market price, Q; = Po /P

MC, (2) = (%) o Q?/ [At (1-a) “a2] 6 (5)

These first-order conditions imply the demand equations for the
commodity:

My (2) = Yi(2). (6)

“Q

Under Calvo pricing, and following Benigno and Woodford
(2005), the implied nonlinear Phillips curve for final goods and
services—i.e., core inflation (Ily;)—is

Oy, —1— (1—0) @2)1_5, (7)

where N;/D; is the equilibrium relative price, with D; =
Yi/Co + BB |(Tyusn) ' Deca| and Ni = p¥iMCi/Cp +
98E; [(Hy,i11)" Ny—1].

2.1.8 Aggregation

Aggregating firms’ demand for labor and the commodity yields a
set of equations with which to solve the model. Even though labor
and commodity demand differ across firms due to Calvo staggered
pricing, the aggregate-demand equations resemble those of the indi-
vidual firm’s demand equations except for an adjustment capturing
the effect of price dispersion. Higher inflation increases the disper-
sion of prices, and this increased price dispersion boosts labor and
commodity demands for a given level of output.

SNote that all firms face the same real marginal costs given the constant-
returns-to-scale technology and competitive factor markets. In this model, the
real commodity price is proportional to the inverse of the importing economy’s
terms of trade.
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2.2 Representative Households and Firms in the
Commodity-FExporting Economies

The commodity market is modeled as comprising a dominant com-
modity exporter and a fringe group of competitive commodity
exporters. The dominant exporter produces monopolistically, and
the fringe produces competitively. For completeness, the households
in these economies face conventional decision problems.

2.2.1 Dominant Commodity Exporter

In each period, the dominant exporter chooses its supply to max-
imize profits, taking global demand as given and internalizing the
response of the competitive fringe. The dominant exporting economy
produces the commodity according to the technology:

m, = Z,I;°°, (8)

where Z; is an exogenous productivity shifter and I; P is the inter-
mediate input (bought from the commodity-importing economy).
Productivity evolves exogenously according to

nZ,=(1—-p,)InZ+p,InZ; 1 +¢;f, 9)

where ¢} ~ i.i.d.N (0,02). Shocks to Z; can then be interpreted as
global commodity supply shocks.

The household utility function depends only on consumption of
final goods and services:

oo

Ui = By Y 87 (C7) (10)

t=to

subject to the period budget constraint, Py,,C;'” = T}, which
equates consumption expenditure to dividends from commodity pro-
duction, TP

2.2.2  Fringe of Competitive Commodity Fxporters

The fringe exporters comprise a continuum of atomistic firms
indexed by j € [0,]. Each produces a quantity X;(j) of the com-
modity according to technology of the form
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X, () = £(j) ZIF (§), subject to capacity constraint
Xt (]) € [OaX} ’ (11)

where [€(j) Z,]”" is the marginal cost of economy j defined by an
idiosyncratic shock and global supply shock. Input I} F (j) is an
intermediate input used in commodity production and is bought
from the commodity-importing economy. Each firm maximizes prof-
its, taking as given the international real price of the commodity,

Qt7

P .
;D;’tXt (J)

@) =Gz,

s.t. X, (j) € [0, X]. (12)

The resulting supply by the fringe of competitive exporters is X; =
W Zi Q.

Like the setup for the dominant exporting economy, the house-
hold utility function in the fringe economies depends only on the
aggregate consumption of final goods and services:

U = B Y (0. &

t=to

subject to the following period budget constraint, Py ,C;" = T5",
which equates consumption expenditures to dividends earned by the

fringe commodity exporters, I'y o

2.2.8 Aggregate Production of the Commodity

In the case of a perfectly competitive fringe market of commod-
ity exporters, the equilibrium commodity price is equal to marginal
costs:

LC=2 (14)
and the quantity produced is given by the global demand at that

price. Having market power, the dominant commodity exporter
determines its supply by internalizing the optimal response of the
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fringe and the global demand function for the commodity. The dom-
inant producer’s objective function is

E t=to ] ( 1=79n, _ o Z) 15
{%?}% totgt:oﬁ n Qt t t/ t ( )

given commodity demand and supply from fringe suppliers, IM; =
Mo + My — x. [

The first-order condition of this problem determines the com-
modity price (in real terms):

Qe =071, (16)

where ¥, = 1/(1 —mn) is the commodity market markup and
ne = M/ (M + 2X,) is the elasticity of substitution of the global
demand for the commodity (in absolute value). Accordingly, the
commodity price is a markup over marginal cost, the latter being
influenced by commodity supply shocks, firm-specific supply shocks,
and shifts in gtﬁ

2.2.4 Market Clearing

Under the assumption that all relevant markets clear, there is a
well-defined aggregate demand for final goods and services equal to

aggregate supply,
Y, =Cyi+ P+ P w0t g, (A7)

"Note that the dominant exporter takes as given the macroeconomic variables
of the fringe producers, e.g., (C, MC,Y, 2, A), and internalizes the fringe’s reac-
tion, but not the feedbacks of its actions on the macroeconomic performance
of the commodity-importing economy. Nakov and Pescatori (2010) analyze this
case in which the dominant exporter completely internalizes its actions on the
importing country. Technically, they solve the Ramsey problem of the dominant
exporter, which may be useful in capturing longer-run supply behavior in the
data. Our Nash solution is more restrictive but may be seen as more reasonable
when considering a central bank’s short-run tradeoffs in a world with incomplete
information. Further details on the dominant exporter’s problem are provided in
appendix B.

8In addition, the markup ¥, = 1/(1 — ;) is an increasing function of the
dominant commodity exporter’s market share relative to that of the competitive
fringe of commodity exporters. The limiting case is when 9, — 0 corresponds
to perfect competition while X; — 0 is the case of a single monopolist.
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which includes final goods consumption in the commodity-importing
economy and the aggregate consumption and intermediate goods
demanded by the dominant and the competitive fringe of the
commodity-exporting countries, respectively (superscript D denotes
the dominant commodity-exporting economy and F' the competitive
fringe)ﬁ Finally, QE is an aggregate demand shock, which captures
a positive shift in the demand for the final good produced by the
commodity-importing country. Note that the monetary authority
cannot fully offset the effect of this shock in the same way as it
could with a markup shock.

2.3 Characterizing Monetary Policy

Monetary policy in the commodity-importing country is modeled
as a linear Taylor-type rule informed by deviations from model-
consistent benchmarks for output, inflation, and the interest rate.
This section defines the benchmarks and analyzes the implications
of alternative policy rules.

2.3.1 Optimal Benchmarks

Benchmark output gaps can be derived by substituting the equations
for labor demand, labor supply, aggregate demand, and commodity
demand for production into the aggregate production function. The
log-level of output in terms of marginal costs, the dispersion of prices,
productivity, and the real commodity price i1

1 « 1 v
Yt 1faat+1fa(mct Qt)+71+v <mct+17%>
(18)

9The structural parameters in the model are calibrated to be in line with those
found in the literature (see table A.1 in appendix A). Fiscal policy is modeled as
a linear rule: Ty = 7Py, Y;.

104, is modeled as an AR(1) process with zero mean, i.e., gr = pggi—1 + &5 .

1/(1—a) 1/(14v)
11 . _ (A (1—a)MCy A
The level of output is Y; = (*&) [(Qt)ﬂ/(iw)_ta]\;ctAt]

a/(l—a) —1
[a%] and T = [1 — e <1—7>] > 1. A full derivation is provided

in appendix C.
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The level of natural output, yi*, is defined as the level of output
consistent with a flexible-price equilibrium. In this case, the mar-
ginal cost is constant, MC; = p~!, and there is an absence of price
dispersion, A; = 1. In log-linear terms, the level of natural output,
y;', is of the form

n @ Q 1 ¥
= — - T | . 19
Yo =7, (l—a 1+0l—~ )% (19)

As shown in equation (19), commodity price fluctuations have
two opposing effects on the level of natural output. From the side of
production (i.e., the first term in the parentheses), an increase in the
commodity price has a qualitative effect similar to that of a negative
productivity shock; it reduces the level of natural output. From the
side of consumption (i.e., the second term in the parentheses), an
increase in the commodity price increases the level of natural out-
put. The latter term reflects an increase in labor due to a negative
income effect from a higher commodity price.

The natural output gap, J°* = |72 — = T] mce, measures the

-« 1—v
difference between the actual and the natural level of output. This
implies that responding to the natural output gap is equivalent to
responding to real marginal costs, up to a scale factor.

Similarly, the log-level of efficient output, y;, is defined with
respect to the efficient allocation, i.e., flexible prices and no monop-
olistic distortions in the commodity market or in the final goods
market (which implies that Q¢ = Z;* and u°® = 1)

«o «@ 1 ¥
P = ——a — — T 2. 20
m T <l—a 1+v1l—v )Zt (20)

A key difference is that commodity markup shocks do not affect
the level of efficient output: such output is instead affected only by
fluctuations associated with supply shocks in the commodity market.
As a consequence, a demand-driven increase in the commodity price

-1
L2With T¢ = |1 — aZ /=" | . The relationship between T¢ and Y depends

on the extent of monopolistic distortions. T° and Y are equal only if both markets
are perfectly competitive or if the commodity is not used for production (that is,
a=0).
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would leave the benchmark efficient output gap unchanged. How-
ever, a negative commodity supply shock would decrease both the
natural and efficient output levels, albeit by different amounts [ The
efficient output gap, ¢, which is defined as the difference between
actual output and the efficient level of output, is of the form4

e o a Iy - I v

P =0 — - TV, — — (T -7T%Z

Yo = <1—a 1+vl—7 ) ‘ 1—1—111—7( )2t
(21)

where this is the welfare-relevant output gap and is equal to the nat-
ural output gap plus a term that depends on the commodity price
markup and the commodity supply shock.

2.8.2  Breaking Down the Divine Coincidence

Both core inflation and headline inflation are determined by the nat-
ural output gap, expected inflation, and commodity price changes.
Expressed in log-linear terms, the equations for core inflation and
headline inflation are, respectively,

Tyt = l‘iyg’tn +Et7TY’t+1 and (22)

Ty = Tyt + ﬁAQt- (23)
Equation (22) describes the determinants of core inflation, and equa-
tion (23) describes headline inflation written in the form of a Phillips
curve for aggregate final goods with g;* the natural output gap. Sta-
bilization of the natural output gap is equivalent to stabilization of
core inflation. And, in that case, headline inflation would vary pro-
portionally with changes in real commodity prices. Equation (22)
can be written in terms of the efficient output gap:

Ty, = Kyl + BTy 41 + Uy, (24)

13The level of efficient output contracts less than the level of natural output
in response to a negative commodity supply shock because the commodity price
markup partially offsets the effects of supply shocks on the commodity price.

14\i/t and z; are W; and Z; expressed in log-deviations from the steady state;
e =[1- az—7/<1—7)]_1.
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where u; is an endogenous cost-push shock, which is a function of
both ‘ift and z;. In this model, the divine coincidence featured in
models with exogenous commodity prices is broken. It is no longer
possible to simultaneously stabilize core inflation and the welfare-
relevant output gap. The tradeoff arises from the effect of commod-
ity price fluctuations on the level of efficient output. An increase
in commodity price markups generates a positive cost-push shock,
which puts upward pressure on core inflation but lowers the efficient
output gap.

3. Monetary Policy Responses to Commodity Prices

With the model outlined in section 2 (and calibrated as reported in
appendix A), we now explore the performance of alternative mon-
etary policy rules assuming different types of imperfect informa-
tion. This allows us to focus on both the possibility that central
banks may misdiagnose the nature of the shocks hitting an economy
and the associated implications. The imperfect information settings
also highlight the absence of the divine-coincidence property: mon-
etary policy cannot perfectly stabilize inflation and the output gap
unless the central bank is able to accurately identify the nature of
underlying shocks[13

3.1 Monetary Policy Responses under Conventional Data
Uncertainty

The baseline policy rule assumes that the monetary authority
responds to expectations of core inflation and the efficient output
gap. It is a log-linear Taylor-type rule:

Ty = Et|t—1 [Tf + PeoreTY,t + Py (yt - yf)] + SpcomAQtu (25)

'5Consistent with the Nakov and Pescatori (2010) model, we focus on the
implications of uncertainty for monetary policy tradeoffs only in the commodity-
importing economy by assuming nominal rigidities are absent in the commodity-
exporting countries.
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Figure 1. Responses to a Positive Aggregate-Demand
Shock (7)
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re = Eyu1(rf + QeoreTy,t + ©y05) + PeomAge. The shock is calibrated so as
to generate a 1 percent increase in commodity prices.

which includes a benchmark interest rate (rf), core inflation (7y),
and output gap 95 = (y: — yf). We assume that the monetary
authority responds to expected inflation and output gap, whereas
the change in the commodity price (Ag) is available in real time.
The performance of policy rule (25) is graphically assessed using
impulse responses to demand and supply shocks!™ Figure 1 plots
the responses to a positive aggregate demand shock, defined as an
exogenous shift in aggregate demand through g¢; in equation (17).
Figure 2 plots the response to a negative supply shock, defined as

8The coefficients of the policy rule are set to @eore = 1.5, ¢, = 0.5, and
Peom = 0.05.
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Figure 2. Responses to a Negative Supply Shock (&7)
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an exogenous shift in Z; in equation (9). Both shocks are calibrated
to produce, on impact, a 1 percent increase in the commodity price.

Following a demand shock (figure 1), the commodity price rises
(top-center panel). The demand shock also drives up output (but
not the level of the efficient output) and the output gap. Both core
and headline inflation initially rise. With the efficient interest rate
unchanged, the policy rule calls for an increase in the policy rate
(top-right panel). For roughly six quarters, the interest rate and out-
put gap remain elevated. Note that the intuitively plausible shapes
of the response underscore the reasonableness of our calibration for
policy analysis.

A negative supply shock (figure 2) drives up the commodity
price, but the policy rate response as well as the macroeconomic
ones are modest. This constellation of responses confirms that the
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Table 1. Expected Welfare Loss for Alternative Efficient
Policy Rules, Percent of Steady-State Consumption

(x E—4)
Model

(1) (2) (3) (4) (5)
Welfare Loss — -3.80 | —6.05 | —5.91 | —4.98 | —5.27
Policy Rule Specifications

for Each Model

Peore 2.0 — 1.5 1.5 2.0
Phead - 20 - - -
oy — — 0.5 0.5 1.0
Pcom — — — 0.05 0.1
Notes: The unconditional expected welfare, EW, is assessed using a second-order
solution of the model, where Wy = U(CY, L¢, et) + BE;W;. The welfare cost in terms
of steady-state consumption is equivalent to {ezp((1 — B)(EW; — W))} x 100. The
Taylor-type monetary policy rule is specified as r+ = Eyi—1 [rf+@coreTy,t +PheadTt+
Py (yt - yf)] + YcomAqt.

baseline model (with its imperfect information assumption) delivers
the conventional wisdom that monetary authorities should essen-
tially look through the first-round effects of supply shocks.

Table 1 provides an alternative metric of model performance
based on the model’s welfare criterion under different policy rules.
The first column corresponds to a rule with a response only to
expected core inflation; it achieves the lowest (expected welfare) loss.
Columns 2-5 correspond to alternative policy rules. The rule in col-
umn 2 considers a response only to expected headline inflation; this
produces the worst outcome, indicating the superiority of targeting
core versus headline inflation in our model. Column 3 introduces an
additional response to the expected output gap, and columns 4 and
5 add a direct response to the commodity price change

7One drawback of evaluating expected welfare losses with simple linear rules
is that the results may be sensitive to the variances of the shocks. We have con-
ducted a battery of tests to confirm that our findings are robust to a range of
reasonable variances.
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Figure 3. Response to a Positive Aggregate-Demand
Shock under Full Information
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Notes: Impulse responses to an aggregate-demand shock using the baseline pol-
icy rule of figure 1 and the full-information rule 7 = 7{ +@coremy,t + 0y (yr — Y5 )+
YeomAqgt. The shock is calibrated so as to generate a 1 percent increase in
commodity prices under the baseline policy rule.

While results suggest that responding to commodity prices can
improve performance over responding to headline inflation, they
leave open questions such as whether monetary authorities can
achieve even better performance by inferring the nature of the shocks
driving commodity price developments. Data uncertainty indeed
induces substantial changes in the reaction to shocks. To illustrate
this, we compare the baseline results with those under full infor-
mation, i.e., when the monetary authority is able to observe with
certainty macrovariables at each point in time. Figures 3 and 4 com-
pare the reaction of the system to demand and shocks with the
baseline. The overall picture is that first-round effects generated by
uncertainty are already sizable. Looking at the aggregate-demand
shock (figure 3) highlights that under full information the monetary
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Figure 4. Response to a Negative Supply Shock under
Full Information
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The shock is calibrated so as to generate a 1 percent increase in commodity prices
under the baseline policy rule.

authority increases the interest rate more aggressively compared
with the baseline. This is no surprise, given that the monetary
authority is fully aware of the effects of the shock on output. By
doing so, the monetary authority not only dampens cyclical fluctua-
tions but also moderates the increase in commodity prices and hence
in inflation. Also, under a supply shock (figure 4) full information
helps the monetary authority stabilize output, although in this case
differences are less striking.

3.2 Monetary Policy Responses under Misdiagnosis Risk

In addition to uncertainty about current output and inflation,
when setting policy rates monetary authorities do not have precise
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knowledge of the underlying nature of the shocks affecting com-
modity prices. This section considers the challenges of inferring the
nature of the shocks and implications arising from possible misdiag-
noses, i.e., the risk that a monetary authority may misinterpret the
source of the shock driving changes in commodity prices.

We cast the problem of shock identification in a classical signal-
extraction problem Starting with the assumption that the mone-
tary authority does not observe supply and demand shocks (¢f and
ef), it can infer them from available observations. Consider a simple
linear model for commodity prices:

@ = —z + Uy = Hi&, (26)

where z; and v, are the supply and the demand shock in the central
banks’ signal-extraction model, H; = [-1 1], and & = [z, /]".
The unconditional variance of & is

2
P =var (&) = [ ;:w UUZ?; ] ) (27)

Given this informational structure, the monetary authority infers
the sources of commodity price fluctuations by solving a signal-
extraction problem using a Kalman filter, i.e.,

Epe [Zt wt]/ = Mq, (28>

where M = PH [H,PH] " is a weighted average of the variances
and covariances of z; and ;; M is calculated as

T p—x
M=———-—- 29
m2—2pw+1[i—p}’ 2

where p = corr (z,1) and x = aw/az

Three cases of equation (28) shed light on the tradeoffs facing
the monetary authority. In the first case (type A), when x — 0, the
volatility of the commodity supply shock is high relative to that of

'8An online appendix, available at http://www.ijcb.org, also describes the
Bayesian learning approach to the problem.
9See chapter 13 of Hamilton (1994) for the derivation.
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the commodity market markup. In this case, the monetary authority
attributes nearly all of the fluctuations to demand shocks. That is,

if v — 0, E [z wt]/ — [0 qt]/.

In the second case (type B), the fluctuations are attributed to supply
shocks. That is,

if ©— o0, EP [z ) = [—q 0]

In the last case (type C), the monetary authority attributes the
commodity price fluctuations partially to each component of the
commodity price, taking into account the relative volatility and
correlation in equation (29).

Armed with these expectations, we can rewrite the monetary
authority’s policy rule as

Tt = Eima—l [Tf + PcoreTy,t + (Pygf] + PeomAqt (30)
= Et|t71 [Tf + PeoreTy t + @y?}f] + @comAqt + ey,

where
er = [Etmu(il (rf) — By (Tf)] + Yeore [Elﬁ(il (Ty,t) — Bt (WY,t)}
+ oy B (55) = Bue (55)]

The e; corresponds to a misdiagnosis error, which is endogenous,
and Ema_l denotes the expectations under the incorrect diagnosis
on the source of the shock. Note that when the monetary authority
imputes the change in commodity prices to the wrong type of shock,
its estimates of endogenous variables will be incorrect, leading to
persistent errors in interest rate setting

To investigate the implications of the endogenous error, we
replace equation (25) in our baseline model with equation (30). The
resulting impulse responses highlight the findings.

Figure 5 shows the impulse responses to a commodity supply
shock in the misdiagnosis case A. Even though the commodity price

20Tf the monetary authority correctly identifies the source of the shock, the
error is zero.
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Figure 5. Responses to a Negative Supply Shock under
Misdiagnosis Type A
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Notes: Impulse responses to a negative commodity supply shock when the
monetary authority attributes all the fluctuation in the commodity price to an
aggregate-demand shock (misdiagnosis type A). Other details are in figure 1.

is driven by a supply shock, the monetary authority misdiagnoses it
as a traditional demand-driven commodity shock. If the monetary
authority fails to recognize that an increase in the commodity price
is driven by (external) supply conditions, the consequence is overly
tight monetary policy accompanied by a sizable drop in both output
and inflation. The commodity price responds in a more muted way
than in the baseline case because of tighter monetary policy. Core
and headline inflation both fall because of the slowing economy.
Figure 6 displays the impulse responses to a conventional aggre-
gate demand shock in the case of misdiagnosis type B, i.e., when
the rise in the commodity’s price is mistakenly attributed to a nega-
tive commodity supply shock. In this case, the easier monetary pol-
icy associated with the looking-through-the-supply-shock strategy
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Figure 6. Responses to a Positive Aggregate-Demand
Shock under Misdiagnosis Type B
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Notes: Impulse responses to an aggregate-demand shock when the monetary
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(misdiagnosis type B). Other details are in figure 1.

results in higher output and inflation. This type of policy misdiag-
nosis induces a procyclical increase in the commodity price.
Figures 7 and 8 report the results for the case of misdiagnosis
type C, in which the monetary authority implements the optimally
weighted response to the commodity price rise based on the histori-
cal commodity demand and supply shocks. The standard deviations
of the shocks are calibrated to the empirical estimates by Filardo and
Lombardi (2014), which yields a ratio of about 1.5 (x in equation
(29)). Consistent with misdiagnosis cases A and B, the monetary
authority responds excessively to supply shocks and insufficiently to

demand shocks: on net, monetary policy appears excessively pro-
cyclical in the model.
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Figure 7. Responses to a Negative Supply Shock under
Misdiagnosis Type C
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Notes: Impulse responses to a negative commodity supply shock when the mon-
etary authority attributes the fluctuation in the commodity price proportionally
to aggregate-demand shock and commodity supply shock, with weights given by
the ratio of their standard deviations (misdiagnosis type C). Other details are in
figure 1.

The relative importance of these misdiagnosis risks can also be
assessed by examining the welfare losses under different policy rules.
The left-hand and right-hand panels of figure 9 plot, respectively,
the welfare loss of the misdiagnosis types A and B cases (relative to
the case of correct identification). In the case where the monetary
authority misinterprets a rise in the commodity price as supply dri-
ven, the contraction in both output and core inflation is larger than
in the full-information case. And, in the case where commodity price
fluctuations are driven by global demand, the monetary authority
amplifies cyclical fluctuations and, as a result, destabilizes the econ-
omy. Hence, it is no surprise that the expected welfare losses are
always greater than zero under misdiagnoses.
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Figure 8. Responses to a Positive Aggregate-Demand
Shock under Misdiagnosis Type C
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the ratio of their standard deviations (misdiagnosis type C), assuming the effi-

cient benchmark policy rule and a 0.5 autoregression coefficient for the shock
processes.

With respect to the performance of core and headline policy rules
under these cases of misdiagnosis, the results still lend support to
policy rules with core inflation rather than headline inflation. In
misdiagnosis case A (supply shock treated as if it was demand),
the core inflation rule implies a much lower expected loss than the
headline one. This is not surprising given the more muted policy
response associated with the headline inflation rule. In the misper-
ception B case, the difference in the expected loss between the two
rules is small, with a slight edge to the headline rule. If misdiagno-
sis risk cases A and B were both 50-50, the expected loss criteria
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Figure 9. Ratio of the Welfare Losses under Misdiagnosis
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would support the core inflation rule in this imperfect information
environment.

Overall, the signal-extraction results reinforce the earlier findings
on the importance of correctly identifying the underlying nature of
commodity price shocks. On the modeling side, the misdiagnosis risk
and its inherent procyclicality lead to a breakdown of the divine
coincidence found in full-information models a la Blanchard and
Gali (2007). On the policy side, the case for a core inflation rule is
strengthened.

4. Conclusions

In this paper we documented that (i) monetary authorities deliver
better economic performance when they are able to accurately iden-
tify the global nature of the shocks, i.e., global supply and demand
shocks, driving commodity prices; and (ii) when it is difficult to
identify these shocks, monetary authorities can minimize some of
the adverse feedbacks from misdiagnosis by targeting core inflation.
Global shocks also imply that central banks may find themselves
responding in a correlated way. If so, it is important to account for
this possibility. This reinforces arguments for greater prominence to
be given to global factors in domestic monetary policymaking.
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One important aspect of monetary policy misdiagnosis risk that
deserves further research includes the important issue of parame-
ter uncertainty, especially with respect to the slope of the Phillips
curve. Indeed, recent empirical evidence suggests that the slope has
flattened, and at least has become more uncertain, across many
economies. In such a situation, the main call of this paper for more
attention to be given to the nature of the shocks hitting the econ-
omy may take on even greater prominence. This may require going
beyond the methods advocated in this paper, e.g., exploiting big
data with cross-country coverage.

Appendix A. Model Calibration

Table A.1. Baseline Calibration

Structural Parameters Parameter Value

Share of Commodity in Consumption vy 0.10
Basket

Share of Commodity in Production @ 0.10
Function

Inverse Frisch Labor Supply Elasticity v 0.50

Price Elasticity of Substitution € 7.66

Quarterly Discount Factor 16 0.99

Price Adjustment Probability 0 0.75

Size of Competitive Commodity X/Y 0.10

Production Relative to GDP

Notes: For the parameters associated with the commodity market, the choice is a bit
more arbitrary due to the less conventional view of the literature. The share of the
commodity in the consumption basket is set to 10 percent, which roughly matches
the share of primary commodity inputs in the U.S. CPI. For the share of commodities
in the production function, we also use 10 percent, as in Arseneau and Leduc (2013);
given that we focus on commodities rather than oil alone, both values are larger than
the 5 percent commonly used in oil-only models. Finally, the size of the competitive
commodity production sector relative to GDP is set at 10 percent.
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Appendix B. The Dominant Commodity
Exporter’s Problem

For the dominant commodity exporter, the optimization prob-
lem can be written as a series of intratemporal decisions. Under
the assumption that the dominant commodity exporter does not
fully internalize the actions of the other exporters (i.e., taking as
given the macroeconomic variables (Cy, M Cy, Yy, Ay, and Q) of the
commodity-importing country), the problem can be written as

II;)%X In <Q1/(177)§mt — Sﬁt/Zt)
s.t. Qt = h(mtt)

The first-order condition of this problem is

|y 1 ‘
- 7=

where 7, = —0In Q: /O In My = —h' (M) M;)/ Q¢ is the elasticity of
commodity demand (in absolute value) and { =1 — .

The demand for the commodity by the dominant commodity
producer takes the form

1
My = @Qt — Q&

where ©; = (7Cy + aMCY;Ay) and €, = Q. Z;.
The inverse demand function is

1VON? +49,&, — M
Q= .
2 ¢

Given this, the elasticity of demand for the commodity is

0 = ARIORIS M, _ M,
Qt VONZ 4+ 4D,E /M7 A + X)X,
My +2X,
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Finally, the commodity price markup is

1 m
= =141,
L—m 2X;

Wy

Appendix C. Output, Inflation, and Interest Rate
Benchmarks

C.1 Efficient Output Gap Benchmark

The benchmark output gap can be derived by substituting the
equations for labor demand, labor supply, aggregate demand, and
commodity demand for production into the aggregate production
function. The level of output in terms of marginal costs, the disper-
sion of prices, productivity, and the real commodity price is

v (At>1/(10‘) [(Q )(1 — ) MC; A,

1/(14v)

A, . —v/(1=v) _ aMCy A,

y <aMCt At>a/(1a)
Qt '

The log-linear approximation of the level of output, in deviations
from the steady state, i1
1 «

1—aat+1—o¢

1
Yr = (mey —q) + ——7T <mCt 1 z 7Qt> ;

14+
-1
where T = [1 — %QW/“*”’)} > 1.
The level of efficient output, yi, is defined with respect to the
efficient allocation, i.e., flexible prices and no monopolistic distor-

tions in the commodity market or in the final goods market (which
implies that Q¢ = Z; ! and u¢ = 1):

1 « 1 v
E: _ Te
Ye l—aat+<1—a 1+vl—xn >Zt’

21 Note that a linear approximation of the price dispersion, A, does not appear
in this equation because price dispersion is assumed to have only second-order
effects on the dynamics, as shown in Benigno and Woodford (2005).
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where Y€ = [1 — aZ*"Y/(1*7)]_1. The relationship between Y€ and
T depends on the extent of monopolistic distortions. Y¢ and Y are
equal only if both markets are perfectly competitive or if the com-
modity is not used for production (that is, « = 0) A key difference
is that commodity shocks affecting the markup do not have an effect
on the level of efficient output: such output is affected only by fluc-
tuations associated with supply shocks in the commodity market.
As a consequence, a demand-driven increase in the commodity price
would leave the benchmark efficient output gap unchanged. How-
ever, a negative commodity supply shock would decrease the efficient
output level.

The efficient output gap, yi, which is defined as the difference
between actual output and the efficient level of output, is of the
form

Qf:yt—yf-

C.2 Inflation Benchmarks

Expressed in log-linear terms, the equations for headline inflation
and core inflation, respectively, are of the form

Ty = Ty, + %A%
-7

~E
Ty, = Kyly + By 1 + ug,

where u; is an endogenous cost-push shock, which is a function of
both T/Jt and Zt.

In this model, the divine coincidence featured in models with
exogenous commodity prices is broken. It is no longer possible to
simultaneously stabilize core inflation and the welfare-relevant out-
put gap. The tradeoff arises from the effect of commodity prices on
the level of efficient output. An increase in commodity price markups
generates a positive cost-push shock, which puts upward pressure on
core inflation but lowers the efficient output gap.

22More precisely, T¢ > (<)Y, if $7/0=7 < (>)pu, where ¥ and p are the
markups in steady state of the commodity and final goods markets, respectively.
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C.8 Interest Rate Benchmarks

The interest rate benchmarks are derived by substituting the equa-
tions for the aggregate resources constraint and the definition of the
price level into the IS equation:

1 < 1-— OZMCtQ;Y/(l_’Y)At )
1-— aMCt+1 Qz_i/_(ll_"r) AtJrl

1
— = 8E
Rtﬂt

My 41

X ¢ € ( — )
X .
Vs P\gt+1 — Gt

The efficient interest rate is defined in the case where commodity
and final goods markets are perfectly competitive and in this model
can be written as

e e e f}/ (&4
e = (9t — Eegevr) — (v§ — Bryia) — T—+ (Y —=1) (2t — Erz41) -

Note that the efficient interest rate does not respond to changes in
the markup.
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D.1  Commodity Price Shock Inference Using Bayesian
Learning

An extension of the model consists in allowing the policymaker to
learn from real-time feedback from the economy and the effect of the
policy decision. The monetary authority updates its beliefs about the
nature of the shocks using Bayesian learning. By updating its initial
diagnosis, the monetary authority reduces the inherent procyclicality
of misdiagnoses.

The learning setup is as follows. On impact (¢ = 1), the mone-
tary authority acts on its prior beliefs about the source of the shock.
Given the economy’s reaction, the monetary authority then updates
its views in the form of a posterior probability about whether the
economy experienced a demand shock:

L(D‘Wl,yl)Po (D)
(Dlm1,y1) Po (D) + L (S|m1, 1) Po (S)’

Py (D|m1,y1) = 7

where L(D|m,y1) and L(S|m1,y1) are, respectively, the likelihood of
demand and supply shocks based on observed output and inflation
and the model’s implied output and inflation[]

The likelihood function would in general incorporate all observable vari-
ables in the model. Here, we abstract from those variables that do not enter
the monetary policy reaction function.



2 International Journal of Central Banking March 2020

At time ¢ = 2, the posterior distribution P;(D|71,y1) is used
as the (proto-)prior for the new posterior. In general, the updating
follows the recursive equation:

L (D|7Tt,l/t) P (D|7Tt—1, yt—l)

L(D|7Tt7yt)Ptfl (D|7thlayt71)
+ L (S|me,ye) Pi—q (S|me—1,Ye—1)

P, (D|7rt,yt) =

which by recursive substitution can be written as

L (D’Wta yt) PO (D) Hi;ll PT (7T7'7 yT‘D)
L (Dlm, y1) Po (D) 1.2, Pr (77, y+|D)
+ L (S|me, ye) Po (S) 1.2} Pr (7,2 19)

=1

Py (D|7Tta yt) =

This produces a sequence of posterior probabilities that the mone-
tary authority attaches to the nature of the shocks as new informa-
tion becomes available and sets the policy interest accordinglyE

b N
Ty = Etﬁgels [Tte + PcoreTy,t + ‘Pyyﬂ + PeomAgs
N b
= Et|t—1 [Tte + @careT‘-Y,t + Soyyﬂ + @camAqt + 6tayes>
with €?*¥** the new misperception error. We first consider the case

of a supply shock misdiagnosed as a demand shock (misdiagnosis
case A in figure A.1). We start by setting the monetary authority’s
prior probability of a demand shock at Py(D) = 0.99 and of a supply
shock Py(S) = 0.01.

In ¢t = 1, the monetary authority observes output and inflation.
Given that the authority believes the originating shock came from
the demand side, the mass of the prior probability distribution is
centered around the outcomes that would have occurred if the orig-
inating shock had been a demand shock (the dashed blue distri-
bution which is calibrated to the ¢ = 1 baseline responses). The
likelihood reflects the information about the “true” supply shock
and the endogenous monetary policy “shock” induced by the initial
misdiagnosis; the likelihood is centered around the initial response

2Note that past “mistakes” during the learning process will influence the state
of the economy. Our impulse responses propagate these mistakes over time and
hence differ fundamentally from the impulse responses earlier in the paper.
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Figure A.1. Misperception Case A with Bayesian Learning

Time =1 Time =2 Time =3

Core Inflation ( Py ;)

| | | | | I | | I | I |
-0.05 0.05 0.15 0.25 -0.2 -0.1 0.0 0.1 -0.15 -0.05 005 015

—— Posterior === Prior -== Likelihood

Output Gap ()3,9)

-2 -1 0 1 2 3 4 -4 -2 0 2 4 6
—— Posterior === Prior -=-- Likelihood

Policy Rate (/})

| [ [ [ | I | | | | | | |
0.045 0.048 0.051 0.054 -04 00 04 0.8 12 -2 -1 0 1 2

—— Posterior - =~ Prior - =~ Likelihood

Notes: Case A: A supply shock misdiagnosed to be a demand shock. Probability
distributions for core inflation, the output gap, and the policy rate, as perceived
by the monetary authority at three different points in time after the initial shock
has occurred. “Prior” corresponds to the distribution under the demand shock
initially assumed by the monetary authority (D); “Likelihood” is the probability
distribution of observed variables that actually occur from a combination of the
initial supply shock and the monetary policy error induced by misperception (.5);
and “Posterior” is the weighted average of the two, where the weights are given
by the posterior probabilities assigned to D and S.
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of the misperception A case. The resulting posterior distribution
reflects the differences between the prior and the likelihood.

For core inflation at ¢ = 1, the likelihood and the prior are very
different, leading to a bimodel posterior distribution. The likelihood
and prior distribution of the output gap (second row) is less precise
and does not result in a bimodal posterior distribution.

At t = 2 and t = 3, the (proto-)priors and the likelihoods are
closer to each other, as the monetary authority learns about the
initial misdiagnosis. The posterior distributions become more uni-
modal. Note, however, that some of the convergence is due to strong
equilibrium forces even in the case of policy “mistakes” that were
seen in the earlier impulse responses.

Results for misdiagnosis case B in figure A.2 indicate that the
initial monetary policy response is excessively loose. As the mone-
tary authority learns about the mistake and eventually corrects its
stance, the initial procyclicality of output and inflation dies down.

This Bayesian exercise suggests that learning is a function of
the shock distributions hitting the economy. Our model structure
is fairly simple and generates rapid convergence via learning. How-
ever, it may be very difficult in real time for a monetary authority
to converge so quickly after an initial misdiagnosis. Adding realistic
shocks with fat-tailed distributions for all the variables (especially
measurement error) would slow the rate of convergence and increase
the persistence of the procyclical policy response. As well, parameter
uncertainty (such as the extent of commodity price pass-through to
inflation and the slope of the Phillips curve, which have been high-
lighted in recent empirical research) also complicates the inferential
problem

On the other hand, if the commodity price shock is very large
relative to the other shocks hitting the economy, the learning in prin-
ciple should be faster, as the economy’s reaction to the true shock
will show through more prominently in the posterior distributions.
Recent papers trying to parse the nature of oil shocks mentioned in

3Addressing parameter uncertainty along the lines of, e.g., Wieland (2000),
Rodina (2012), and Cogley, Matthes, and Sbordone (2015) is left for future
research. Additional uncertainty of this type is likely to slow the rate of learning
about the nature of the commodity price shocks and make the misdiagnosis errors
even more persistent.
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Figure A.2. Misperception Case B with Bayesian Learning
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the Introduction demonstrate just how difficult this can be empir-
ically. And for run-of-the-mill shocks of the type calibrated in this
paper, the ability of a monetary authority to learn from past mis-
takes during the “fog of war” suggests that lingering (endogenous)
policy errors associated with misdiagnoses may be a regular feature
of the monetary policy environment. Such results have far-reaching
implications for all empirical macrofinancial research efforts that
assume well-defined exogenous errors in the data.
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Economic research in recent years has highlighted the issue
of whether a floating exchange rate provides autonomy with
regard to monetary policy to a central bank in an economy
that is highly open. In particular, Rey (2016) has argued that
inflation-targeting advanced economies lack monetary policy
autonomy by pointing to results suggesting that U.S. monetary
policy shocks matter for the behavior of key financial vari-
ables in these economies. In contrast, it is argued in this paper
that monetary autonomy does prevail in inflation-targeting
advanced economies, notwithstanding the reaction of these
economies’ asset prices to U.S. monetary policy developments.
The monetary-autonomy argument—which was advanced by
Milton Friedman and rests on the existence of features that are
present in new open-economy models—refers to the fact that
the monetary authority under a floating rate is able to have a
decisive influence on nominal variables in the long run, as well
as a short-run influence on real variables. The result that rest-
of-world monetary policy is among the other factors affecting
the short-run behavior of real variables (including real asset
prices) in a small, floating-rate open economy is in keeping with
the traditional and appropriate concept of monetary policy
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autonomy under floating exchange rates. It follows that such
influences of rest-of-world monetary policy on the home
economy are consistent with the celebrated open-economy
trilemma.

JEL Codes: E51, E52, F41.

1. Introduction

“Keynes could state the issue as a dilemma .... [Subsequent
history] has forced those of us who have written on this subject
more recently to expand Keynes’s dilemma to a trilemma. A
country is compelled to choose two of the following three desir-
able objectives: stable prices (or, more generally, an independent
monetary policy), a stable exchange rate (or, more generally, a
predetermined path of exchange rates), freedom from exchange

controls.”
Friedman (1983, p. 37)

Economic research in recent years has given considerable prominence
to the issue of whether a floating exchange rate provides, to a cen-
tral bank in an economy that is highly open, autonomy with regard
to monetary policy If this autonomy existed, it would mean that
the central bank—Iike its counterpart in a closed-economy or large-
economy setting—could use monetary policy to choose a particular
long-run inflation rate (perhaps in conjunction with the pursuit of
other macroeconomic goals, such as keeping output close to poten-
tial). As the foregoing quotation suggests, a standard result in mon-
etary economics is that autonomy of this kind does arise from a
floating-exchange-rate arrangement and that the autonomy prevails
even in conditions of complete international mobility of capital

!This prominence is evidenced by much of the material in Bordo and Taylor
(2017).

2In the present discussion, complete or perfect capital mobility refers to a sit-
uation in which official (that is, governmental) controls on private-sector access
to foreign exchange are not present. When reference is made here to complete
capital mobility, it is not being taken for granted that capital markets in the home
economy or foreign economy are free of imperfections or frictions or that agents
in the small economy can obtain funds from the foreign economy on exactly the
same terms as those available to a comparable agent in the foreign economy.
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This result is often contrasted with the situation facing a small
open economy when its exchange rate is fixed. In the case of a com-
pletely fixed exchange rate and globally mobile capital, monetary
policy in the small open economy is directed toward stability of
the external value of the currency and cannot be used in pursuit of
objectives distinct from that goalEl

The conclusion that monetary policy autonomy can be secured
by a floating-rate arrangement has been challenged by Rey (2013).
On the basis of empirical evidence, Rey argues that, under unim-
peded international capital mobility, neither fixed exchange rates
nor floating exchange rates are associated with monetary auton-
omy for a central bank. She contends that what many economists—
including Milton Friedman in the above quotation—have called the
“trilemma” is invalid [ Even with a flexible exchange rate, she sug-
gests, monetary autonomy would be obtainable only if the open
economy’s authorities restricted capital account transactions.

Although Rey (2013) focused on emerging economies, her
basic argument concerning floating rates would, if valid, apply to
emerging economies and advanced economies alike. And indeed Rey
(2016) has extended the argument to small- and medium-sized

Indeed, in many new open-economy models, including some of those discussed
below, it is assumed that citizens of a small country who borrow from abroad
encounter some form of fee or spread that makes their overall international bor-
rowing cost different from the rest-of-world interest rate. Such model features
may be appealing for technical reasons (see Schmitt-Grohé and Uribe 2003) and
also provide a more realistic account of the borrowing situation facing many small
economies, including those that impose no exchange controls. But the inclusion
of these model features does not in itself imply a violation of the assumption of
complete mobility of international capital.

3Under a fixed exchange rate, monetary developments will still be decisive
for the long-run inflation rate, as stressed in McCallum (1996, p. 143). However,
with monetary policy choices dictated by the commitment to fix the exchange
rate, monetary policy at home will be closely connected to rest-of-world mone-
tary policy, and the economy’s long-run inflation rate will consequently tend to
be driven by that of the rest of the world.

4Obstfeld (1998, p. 14) credited the use in the research literature of the
“trilemma” terminology (to describe the conventional wisdom that monetary pol-
icy autonomy, fixed exchange rates, and complete capital mobility are not jointly
obtainable, though any two are) to Obstfeld and Taylor (1998). This terminology
was, however, used in the same context much earlier by Friedman in the press
article quoted at the start of this paper, and this appears to have been the first
published instance of such usage.
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advanced economies[ Accordingly, the discussion that follows
focuses on advanced open economies—in particular, inflation-
targeting countries that float their exchange rate.

The monetary-autonomy debate is of great relevance to such
economies because both these economies’ policymakers and outside
observers have routinely accepted the standard argument in favor
of autonomy. The United Kingdom, for example, has had a floating
exchange rate since September 1992. Shortly after this float began,
the Chancellor of the Exchequer, Norman Lamont, proclaimed: “We
are floating and we will set monetary policy in this country. .. It will
be a British economic policy and a British monetary policy.”@ The
specific monetary policy chosen by Lamont—and continued over the
past two decades of Bank of England operational independence—
consisted of a strategy of inflation targeting. A second example
is provided by Australia, which has had a floating exchange rate
since 1983 and an inflation-targeting monetary policy strategy since
the 1990s. Beaumont and Cui (2007, p. 1) stated that this expe-
rience had been associated with Australia “gaining the expected
macroeconomic benefits from exchange rate flexibility,” including
monetary policy autonomy. The literature critical of the connection
between floating and monetary policy autonomy is therefore a major
challenge to the conventional wisdom concerning inflation-targeting
economies.

In contrast to the conclusion of that literature, the position
advanced here will be that a floating exchange rate does secure mon-
etary policy autonomy. Consequently, provided that the exchange
rate floats, official controls on capital mobility are not necessary to
secure such autonomyﬂ Monetary policy autonomy under flexible
exchange rates, it will be argued, is not merely an analytical result.

5The term “advanced economies” below will generally be used to refer to these
small- and medium-sized floating-rate advanced economies, whose central banks
target inflation. Likewise, in the discussion in this paper, the phrase “home econ-
omy” or “open economy” will often stand in for “small open economy.” Also,
the terms “capital controls” and “foreign exchange controls” will be used inter-
changeably, while “reserves” will refer to commercial banks’ reserve balances (a
central bank liability) and not to foreign exchange reserves (a central bank asset).

5Quoted in The Economist (1992).

"This does not, of course, preclude the validity of other possible justifications
for imposing such controls. See, for example, Pasricha (2017) for an analysis of
different motivations for capital controls.
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Rather, it has practical validity and aids understanding of mone-
tary and economic behavior in inflation-targeting economies. Results
advanced by Rey and others in support of the contrary position do
not, in fact, provide persuasive evidence of lack of monetary auton-
omy. The reason those results are not persuasive evidence is that
the existence of monetary autonomy does not preclude, and indeed
is highly consistent with, international financial integration.

The Basis of the Counterargument. A quotation from the
abstract of Rey (2016) is helpful in bringing out the counterargument
advanced here. Rey states: “The paper presents evidence that U.S.
monetary policy shocks are transmitted internationally and affect
financial conditions even in inflation-targeting economies with large
financial markets. Hence flexible exchange rates are not enough to
guarantee monetary autonomy in a world of large capital flows.” One
could not ask for a clearer articulation of the no-autonomy argument
than the two sentences just quoted. But referring to those same sen-
tences also provides a convenient means of expressing the crux of
the counterargument, which is simply: The conclusion given in the
second sentence does not follow from the first. That is, the word
“Hence” connecting the sentences is unwarranted and the second
sentence is a non sequitur

In fact, the transmission of U.S. financial developments (includ-
ing those arising from U.S. monetary policy shocks or other U.S.
monetary policy actions) to financial conditions in other, smaller,
advanced economies is fully consistent with the possession of mon-
etary autonomy by the central banks of those economies. The key
point, as already suggested, is that monetary policy autonomy under
a float can, and likely does, coexist with financial interdependence.

Objectives of the Present Analysis. Elements of the pre-
ceding point can be gleaned from some of the critical discussions of
Rey (2013). But, to date, the communication of that point has been
weakened by being left implicit, by taking the form of a side remark,
or by appearing in the context of discussions that make unwarranted

8The approach taken here is therefore consistent with, but somewhat different
from, that in Taylor’s (2016) defense of monetary autonomy. Taylor focuses on
whether the empirical findings offered in recent years against autonomy are arte-
facts of the estimation sample periods, rather than on whether—if subsequently
found to be durable—those results actually point to the absence of autonomy.
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concessions to the no-autonomy positionE A first objective of this
paper, therefore, is to make the point central and explicit, doing so
with specific reference to advanced inflation-targeting economies.

A second, related, objective of this paper is to bring out the
shortcomings of the recent case against autonomy under floating
exchange rates by comparing this case directly with the standard
case for floating exchange rates. It will become clear that the results
claimed to be at variance with the existence of monetary autonomy
do not actually conflict with the basic notion of monetary autonomy
advanced by advocates of floating rates.

In particular, the discussion in this paper will consider the
monetary-autonomy argument used in Milton Friedman’s (1953a)
case for exchange rate flexibility. That paper’s argument is a use-
ful benchmark because Friedman (1953a) is widely accepted as a
central reference on the issues discussed here[ld Bringing his argu-
ment explicitly into the current debate highlights the sharp dif-
ference between (i) what believers in monetary autonomy under a
floating rate thought was implied by autonomy and (ii) what mod-
ern researchers have regarded as evidence that autonomy does not
prevail under floating rates.

It has been rare for the recent literature on monetary autonomy
to cite Friedman’s views on the matter. For example, Rey (2013,
2016) does not cite Friedman’s work. And when it has characterized
Friedman’s autonomy argument, the recent literature has sometimes
attributed to him the opposite of his actual position

Rey (2016) does cite the classic work of Mundell (1963) that
provided formal analysis of the incompatibility, for a country
allowing complete capital mobility, of fixed exchange rates and
an autonomous monetary policy. However, when considering the
debate on monetary autonomy, Friedman’s contributions provide a

9A couple of prominent examples of these studies are considered in section 2.4
below.

For example, Krugman (1993, p. 519) judged Friedman (1953a) to be a “sem-
inal paper,” while McCallum (1996, p. 213) observed that Friedman (1953a) was
“the most famous and influential single piece of writing on exchange rate arrange-
ments.” See also Dellas and Tavlas (2018) and Irwin (2017) for analyses of the
development of Friedman’s article and the historical context in which it appeared.

"See the discussion in section 2.3 below of Obstfeld and Taylor’s (2017) por-
trayal of Friedman’s argument.
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starker and more apposite counterpoint to Rey’s position than does
Mundell’s work. There are three reasons for this. First, although
Rey calls the trilemma the “Mundellian trilemma,” the “trilemma”
terminology was used in print by Friedman more than 30 years ago,
long before it became prevalent; and as discussed below (in section
2.2), he articulated the trilemma concept when laying out the case
for floating rates in 1953. Second, as detailed later, Rey materially
misstates the properties of the model Mundell developed, as she
attributes it to a feature (the central bank’s pursuit of stabilization
policy using an interest rate instrument) that is infeasible in that
model (under both fixed and floating rates) but that is possible,
under floating rates, in Friedman’s framework[12 Third, Mundell
himself became a strong critic of floating exchange rates (see, for
example, Mundell 1968) and so, unlike Friedman, he is not particu-
larly representative of the view that floating rates (alongside capital
mobility) are attractive from the point of view of stabilization policy.

In the course of the analysis that follows, it will be shown that
the autonomy obtainable under flexible exchange rates in sticky-
price models lines up with the autonomy Friedman described in his
writings. They have a common implication: asset prices can move
together across countries whose exchange rates float, yet this does
not imply that an open economy lacks monetary autonomy. A corol-
lary is that empirical evidence that asset prices in inflation-targeting
advanced economies respond to U.S. monetary policy actions does
not in itself constitute valid evidence against autonomy.

The focus here is therefore on the generic problems with the
type of evidence offered of late against autonomy under floating
rates. This paper will not review that evidence in detail. Indeed, the
empirical findings per se will not be disputed at all[§ What will be
challenged is the inference that such findings are evidence against
the notion that monetary policy autonomy prevails under floating
exchange rates. In contrast to Rey’s (2016, p. 27) suggestion that

12The Mundell-Fleming model does feature monetary autonomy under floating
rates. But the autonomy is of a kind that is of questionable practical relevance,
because it is one under which the central bank is incapable under floating rates
(alongside capital mobility) of managing interest rates.

13Nor will there be systematic discussion of the empirical evidence offered in
favor of autonomy in Klein and Shambaugh (2015) and Obstfeld, Ostry, and
Qureshi (2017), for example.
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“many more VARs need to be run” before the hypothesis of lack of
monetary autonomy can be accepted, the perspective of the present
paper is that the hypothesis would not be valid even if Rey’s find-
ing of effects of rest-of-world monetary policy shocks on domestic
variables is fully granted.

This paper proceeds, in section 2, by considering the standard
argument for monetary policy autonomy under floating exchange
rates, with a focus on Friedman’s (1953a) exposition of the argu-
ment. Relevant characteristics of new open-economy models under
fixed and floating rates are then discussed in section 3. Section 4
reconsiders, in light of the analysis of the preceding sections, the
broad evidence presented against autonomy. Section 5 concludes.

2. The Standard Argument for Monetary Policy
Autonomy under Floating Exchange Rates

Before proceeding further, a specific characterization of monetary
autonomy, and the argument that supports it, is needed.

What precisely is the monetary policy autonomy that floating
rates should provide to a small open economy under full capital
mobility? The answer—according to the standard case for a float-
ing exchange rate—can be expressed in terms of aggregate macro-
economic outcomes as follows: In both the short run and the long
run, the central bank can have a decisive influence on the mone-
tary value of economic activity, that is, the aggregate nominal flow
of spending on goods and services in the economy This influence

MExpressing the central bank’s influence in terms of ability to affect nomi-
nal spending may appear counterintuitive, as nominal income is typically not
a variable that appears in the structural equations of closed-economy and open-
economy models, whereas its individual components—prices and real output—do
so. However, it is highly convenient to refer initially to nominal spending because
this is a variable that central banks can, under monetary autonomy, affect at
all time horizons and across a variety of models. In particular, under monetary
autonomy, an open economy’s central bank is able to set the course for nominal
spending, in both the short run and long run, even if it cannot affect real output
(as is the case at all horizons in flexible-price models, and in the long run of
sticky-price new open-economy models) or cannot set the inflation rate (either
because domestic prices and costs are rigidly fixed at all horizons—as they were
in some very early open-economy models—or because the home country’s infla-
tion rate is heavily influenced by nonmonetary factors even in the long run—a
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can be further categorized in terms of the short-run situation and
long-run conditions. In the short run, monetary autonomy, in com-
bination with price stickiness, gives the monetary authority consid-
erable influence over both real and nominal variables. In the long
run, monetary autonomy gives the monetary authority command-
ing influence over nominal variables, even though its influence on
real variables is gone (because price stickiness wears off over time,
so real variables return to their natural values). The influence over
the long-run nominal situation, together with the acceptance by pol-
icymakers that they have this influence, has prompted many open
economies’ monetary authorities to select and pursue a target for
their country’s long-run inflation rate.

This influence on macroeconomic outcomes in turn stems from
the fact that, as detailed below, the central bank under a float is
able to set a course for its policy instruments that does not depend
mechanically or solely on the behavior of the exchange rate or on
developments abroad.

With that background established, the remainder of this section
shows how this concept of autonomy relates to Friedman’s (1953a)
case for floating exchange rates (section 2.1) and his expression of
the trilemma (section 2.2). Then section 2.3 reconsiders the cri-
tiques of the autonomy argument in recent literature, while section
2.4 describes the relationship between the defense of the trilemma
argument made here with two other recent defenses.

2.1 PFriedman’s (1953a) Emphasis on Monetary
Policy Autonomy

The autonomy argument described above was an important compo-
nent of the Friedman (1953a) case for floating exchange rates along-
side full capital mobility With regard to macroeconomic outcomes,

position obviously contrary to the modern consensus, but one apparently held by
some advocates of floating rates, such as Meade 1961).

15The present discussion will not consider Friedman’s case for floating exchange
rates in toto but, rather, will focus on the monetary-autonomy aspect of that case.
A number of aspects of Friedman’s case for floating rates (such as his predictions
concerning whether stable monetary policies could be counted on to generate
fairly stable exchange rates and his contentions about the relationship between
speculation and exchange rate stability) have arguably not been borne out by



90 International Journal of Central Banking March 2020

Friedman stressed that monetary policy autonomy implied that the
domestic monetary authority had a decisive influence on the behav-
ior of nominal economic aggregates. Thus, floating exchange rates
allowed a country to achieve “monetary stability” and to set the cri-
terion for such stability (p. 200). In particular, Friedman stressed
that each individual country separately under floating exchange
rates can achieve “avoidance of either inflation or deflation,” and
likewise “any one country” can follow a policy of inflation or defla-
tion without that policy choice being imposed on, or inherited by,
other countries (Friedman 1953a, pp. 198, 199).

Furthermore, under fixed exchange rates, balance of payments
deficits could occur and act as a negative influence on nominal aggre-
gate demand. With prices sticky in the short run, this would cre-
ate situations of deficient real aggregate demand and above-normal
unemployment. Flexible exchange rates, in contrast, implied a zero
overall balance of payments. This zero balance in turn made it pos-
sible for the domestic monetary authority to make policy decisions
that implied a particular path for nominal variables, such as nom-
inal aggregate spending on goods and services. In the short run,
this power also gave the monetary authority the ability to influ-
ence real aggregate demand, an ability that it might use to pursue
full-employment goals (Friedman 1953a, pp. 165-167, 171).

These influences on macroeconomic outcomes—including the
long-run behavior of inflation and the short-run behavior of output
and other real variables—were in turn traceable to the fact that mon-
etary autonomy gave the central bank prerogatives over the settings
of the country’s monetary instruments. Friedman primarily articu-
lated this influence on instruments in terms of monetary quantities.
In this vein, Friedman (1953a, pp. 181, 200, 201) referred to a mon-
etary authority possessing autonomy as able to “create ... money,”

events; yet the monetary-autonomy argument may remain valid in the face of
such invalid aspects of the Friedman case. Along the same lines, one can accept
Obstfeld and Taylor’s (2017) contention that sizable and fluctuating capital flows
have been an enduring part of the environment that floating-rate countries face—
and to a far greater degree than Friedman envisioned in 1953; yet one could also
view flexible exchange rates as a means of securing monetary autonomy in the
presence of such capital account fluctuations. Indeed, in his later expositions, in
which he acknowledged the continuing volatility of capital flows, Friedman reaf-
firmed monetary autonomy as an advantage of floating rates (see, for example,
Friedman and Friedman 1984).
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achieve “currency issue,” and undertake “[m]onetary expansion.”
Noting that countries that have domestic macroeconomic objectives,
such as full employment and price stability, would seek “control over
domestic monetary policy” (p. 180), he observed that such control
could be achieved under arrangements in which the rest-of-world
developments were not an automatic influence on the domestic mon-
etary base and money stock (p. 199). But, under free trade and
full capital mobility, such arrangements were obtainable only under
floating exchange rates. Consequently, Friedman regarded a float-
ing rate as conferring to a central bank control over the monetary
base and, with that control, also a decisive influence over the money
stock.

It is, however, readily possible to express this autonomy in terms
of interest rates instead of monetary quantities. As the issuer of
the liabilities through which interbank transactions occur, and as
an entity that has a commanding influence over the demand/supply
intersection in the reserves market, the central bank strongly influ-
ences the interest rate at which interbank lending takes place.
Thanks to links between different financial markets, such an influ-
ence on short-term interbank rates translates into an influence on
domestic short-term rates more broadly. If, however—as discussed
further below—the central bank is enforcing a fixed exchange rate
under conditions of full capital mobility, it in effect cedes this influ-
ence on short-term interest rates, because it is obliged to make rates
at home move in lockstep with comparable rates abroad.

It is thus clear that, even in the modern day—in which a cen-
tral bank’s influence on the supply of monetary base tends to be
deemphasized in monetary analysis—Friedman’s focus on the con-
sequences for monetary control of different exchange rate arrange-
ments remains vital. That this is so is brought out by the fact that,
early in the era of U.K. inflation targeting, King (1994, p. 268) noted
that a central bank is well positioned to manage short-term market
interest rates whether it operates primarily by changing the volume
of commercial banks’ reserve balances or by actions that shift the
demand curve for bank reserves[!d His argument took for granted

16This was the case even when Friedman wrote in the early 1950s, when one
tool available to central banks was the reserve-requirement ratio, variations in
which could shift commercial banks’ demand curve for reserves.
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the existence of a floating-rate regime. For under a fixed exchange
rate and full capital mobility, the interest rate in the market for
overnight debt must take the value implied by the exchange rate
target, and the central bank must acquiesce in conducting opera-
tions that deliver that interest rate. This is true irrespective of the
operating procedure of the central bank. Therefore, even when the
central bank manages short-term market interest rates primarily by
altering commercial banks’ demand for reserves (via an interest-on-
reserves policy, for example), floating exchange rates are required if
the central bank’s interest rate management is to be used for domes-
tic stabilization purposes. In this connection, Woodford (2010, pp.
43-46) analyzes the case in which the central bank manages domestic
short-term market interest rates by varying the interest rate it pays
on bank reserves. His analysis takes place under the assumption of a
floating exchange rate[l] That assumption implies that the central
bank decisionmaking power over interest rates, derived by Woodford
(2001) in a closed-economy setting, carries over to an open-economy
environment.

And Friedman himself on occasion pointed to the fact that a
float could be viewed as allowing the central bank to choose inter-
est rates for the home economy. For example, in his 1953 article,
he noted that key domestic interest rates were “susceptible to direct
influence by the monetary authorities” (Friedman 1953a, p. 166). He
thus acknowledged that monetary autonomy entailed the opportu-
nity to influence such rates—opening the possibility of management
of interest rates to achieve domestic goals.

'"That, under fixed exchange rates, a central bank must allow the domestic
short-term rate to move continuously in step with the rate abroad is an impli-
cation of the uncovered interest parity (UIP) condition. Under that condition,
there is a one-for-one relationship between domestic and foreign short-term inter-
est rates when the expected next-period change in the nominal exchange rate is
zero. In terms of domestic securities markets, the forces pushing the home rate
in the same direction as the foreign rate remain present when the former rate is
managed using an interest-on-reserves arrangement. This can be seen by exam-
ining the two methods of managing market interest rates analyzed in Keister
(2012). Both methods he considers involve paying interest on reserves, but both
also involve the central bank “setting the supply of reserve balances” —something
it is not at liberty to do under a fixed exchange rate. Instead, when the exchange
rate is fixed, international payments flows will steer reserve balances in a direc-
tion that makes the home short-term interest rate move in tandem with the
rest-of-world rate.
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2.2 Friedman’s Analysis of the Trilemma

Friedman’s (1953a) case for monetary autonomy under floating
exchange rates also amounted to an argument for the existence of
the trilemma. Friedman’s first public use of the term “trilemma” was
evidently in the Friedman (1983) quotation that opened this paper
However, he used the term “trilemma” in an early draft version of
Friedman (1953a) (see Irwin 2012, p. 35), and the trilemma concept
permeates the published discussion in Friedman (1953a). The 1953
article noted that, in the postwar world, foreign exchange controls
were a means by which countries, like the United Kingdom, that were
committed to implementing demand-management policies had tried
to reconcile fixed exchange rates with monetary autonomy (pp. 169,
179). Friedman opposed this third alternative of fixed exchange rates
plus exchange controls because of the inefficiency that the controls
engendered and because the private sector would likely find ways to
evade any fixed set of regulations regarding international transac-
tions (pp. 163, 169). Such parts of Friedman’s (1953a) analysis led
Dornbusch (1986, p. 31) to judge that the article was a benchmark
reference not only for the case against fixed exchange rates but also
for the case against exchange controls.

2.3 What Friedman Did Not Say

In the context of a discussion of monetary autonomy, it is also
important to be clear on what Friedman did not say. Such clar-
ity is needed because recent discussions have associated with the
monetary-autonomy argument positions that do not, in fact, fol-
low from that argument. The account below of what Friedman
did not say proceeds by analyzing what was attributed to the
monetary-autonomy argument by Rey (2016) and by Obstfeld and
Taylor (2017).

e Rey (2016): Rey (2016, p. 7) implies that monetary autonomy
requires that a float “insulate[s] the domestic economy ...
from global factors” However, Friedman’s (1953a) concept

18 A5 already implied, the 1983 Friedman article also appears to have been the
origin in print of the use of the term “trilemma” to describe the opportunities
available to an open economy’s central bank.
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of autonomy did not entail such comprehensive insulation.
Friedman stated explicitly that, under floating, international
shocks would still tend to affect real variables in the domes-
tic economy. He contended that, while developments abroad
would continue to matter for the home economy under float-
ing exchange rates, a float gave the central bank the option of
preventing those developments from operating via “monetary
channels,” and that “monetary stability” was still possible for
a country whose exchange rate floated, irrespective of the mon-
etary policy pursued abroad (Friedman 1953a, p. 200) What
monetary autonomy entailed was the absence of the “domina-
tion of internal monetary policy by external forces” (in the
words of Friedman, 1953b, p. 203)—mnot the absence of any
dependence of the economy on external forces.

In Federal Reserve Bank of Kansas City (2013, p. 353)
Rey said: “We think of the trilemma as[:] if you have a fully
free floating exchange rate, you are completely insulated from
the external. That has been my interpretation of a trilemma.”
As already indicated, however, the standard case for float-
ing exchange rates, along with the implied concept of the
trilemma, makes no such wide-ranging claim about the impli-
cations of floating exchange rates.

Obstfeld and Taylor (2017): Obstfeld and Taylor (2017, p. 12),
in discussing professional views on exchange rates during the
Bretton Woods fixed-exchange-rate era, have stated:

More academic economists began to echo the early calls
by Friedman (1953[a]) ... for floating exchange rates,
arguing that market-determined rates would tend to
eliminate external payments imbalances while insulating
countries from foreign inflationary shocks. Their basic
argument was that routine exchange-rate flexibility allows

1971 Friedman and Roosa (1967, p. 104), Friedman elaborated that a floating
rate did not insulate an economy from those “external events that do require
changes in the pattern of production and consumption.” He observed that, in
these cases, a floating rate allowed the domestic economy to undergo “adjust-
ment to the change in real factors” abroad, albeit without (permanent) aggregate
price-level movements being part of the adjustment process. See also Friedman
(1953a, p. 182).
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all countries to move to a preferred resolution of the
trilemma—as compared with the situation of much more
constrained policymaking that they then faced. As John-
son (1969, p. 18) put it: “Flexible rates would allow each
country to pursue the mixture of unemployment and price
trend objectives it prefers, consistent with international
equilibrium, equilibrium being secured by appreciation of
the currencies of ‘price stability’ countries relative to the
currencies of ‘full employment’ countries.”

The preceding passage surely implies that the Johnson (1969)
quotation accurately summarizes the Friedman concept of mone-
tary autonomy. Yet the Johnson quotation is definitely predicated
on the existence of a permanently downward-sloping Phillips curve:
a permanent state of affairs in which underemployment buys price
stability, and in which full employment can be obtained provided
that inflation is permitted. But that is not the Friedman position
Friedman was emphatically not a subscriber to the belief that the
Phillips curve was permanently downward sloping, yet it is certainly
implied by Obstfeld and Taylor (2017) that he was. It is clear that
Friedman did not see floating rates as leaving policymakers free to
select a long-run combination of inflation and unemployment from
a Phillips-curve menu. Rather, the long-run freedom conferred by
floating rates in Friedman’s vision pertained only to the choice of
the inflation ratel]

20The Johnson (1969) paper was apparently intended in large part to “improve”
upon Friedman (1953a) by adding to the case for floating rates an argument draw-
ing upon then-prevalent beliefs that the Phillips curve was permanently nonver-
tical. In such circumstances, a monetary authority could accept some departure
from price stability to obtain full employment, run still-higher inflation to keep
the economy in an overemployment situation, or choose price stability at the
cost of permanent resource slack. However, such beliefs went out of favor within
a few years of the appearance of Johnson’s paper, in part because of Friedman’s
own critique of the Phillips curve. Friedman’s belief in the compatibility of full
employment and price stability dated back to before the appearance of his 1953
essay. See Nelson (2009, pp. 44, 70) for a detailed discussion of these matters.

2'Friedman did see floating rates as making policymakers better placed to
stabilize employment in the short run (see Friedman 1953a, p. 158, and the pas-
sages already noted). Such a stabilization role for monetary authorities in no way
implies an ability on their part to choose the long-run level of employment.



96 International Journal of Central Banking March 2020

In addition, the phrase “eliminate external payments imbal-
ances” in the above Obstfeld-Taylor passage captures Friedman’s
position only if the “payments imbalances” in question are those
for the aggregate balance of payments, not its current account and
capital account categories considered individually. Friedman argued
that a floating rate would make the overall balance of payments
zero. Nonzero current account imbalances (matched by nonzero cap-
ital account imbalances) under floating rates are wholly compatible
with Friedman’s argument.

Obstfeld and Taylor (2017, p. 15) further state: “Early advo-
cates of floating exchange rates like Friedman ... clearly oversold
the extent to which they could facilitate trade while still insulating
a domestic economy from international shocks.” Not only did Fried-
man not oversell the position attributed to him in this quotation,
he did not even subscribe to that position. As indicated above in
the discussion of Rey (2016), the Friedman position was not one in
which a floating exchange rate makes the domestic economy wholly
insulated from international shocks.

Friedman confined the macroeconomic variables that could, in
the long run, be insulated from foreign influences under floating
rates to nominal economic series—the control of which flowed from
the central bank’s ability to set the course for monetary instruments.
The central bank’s power to adjust policy instruments also raised the
possibility that the central bank could exercise a temporary influ-
ence on real series in the home economy. In particular, as indicated
above, Friedman saw short-run stickiness of prices as bequeathing
to monetary policy the ability to influence the course of real vari-
ables in the short run. Monetary policy then might, but need not,
attempt to offset the effects of international real shocks on domestic
real variables in the short run. But, due to the temporary nature of
price stickiness, even a monetary policy that attempted to prevent
the short-run effects of real foreign shocks on domestic economic
activity would not be capable of stopping real factors—including
persistent foreign real shocks—from being decisive for the long-run
behavior of real variables.

Part of this foreign influence on the home economy under float-
ing exchange rates is on (and via) asset prices in the home economy.
This asset price response is one consequence of international financial
integration. International financial integration is a phenomenon that
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needs to be sharply distinguished from monetary policy autonomy—
as will be stressed in section 4 below, when Rey’s (2016) empirical
results are reconsidered.

Obstfeld and Taylor (2017) conclude in favor of the trilemma,
but, as the preceding quotations indicate, they give the impression
that Friedman’s reasoning in support of the trilemma was mistaken
and that the concept can only be salvaged using different, later argu-
ments. Indeed, they specifically state that Friedman “erred” (p. 15)
and offer as the correct position the point that “when faced with
external shocks, countries with floating exchange rates still have a
shock absorber that countries that peg exchange rates lack and thus
can achieve preferred policy outcomes even if they cannot achieve
full insulation of their economies (Obstfeld 2015).”24 Their attribu-
tion of this point solely to Obstfeld (2015), a paper that does not
cite Friedman, alongside the authors’ negative judgment on Fried-
man’s argument, has a clear implication: that the limited-insulation,
“shock absorber” notion is one that supersedes and replaces the
argument for monetary policy autonomy under floating rates given in
Friedman (1953a). However, as already indicated, Friedman did not
make the claims attributed to him by Obstfeld and Taylor (2017),
and his vision of the exchange rate’s role actually mirrors the “shock
absorber” function that they attribute to Obstfeld (2015). Indeed,
Friedman himself on occasion used the “shock absorber” phrase for
his conception of a floating exchange rate (see, for example, Fried-
man 1975).

In sum, in making the case for the ongoing importance of the
trilemma and the continuing validity of monetary policy autonomy
under floating exchange rates, one can rely on the standard argument
for monetary policy autonomy, as outlined in particular in Friedman
(1953a).

2.4 Comparison with Recent Endorsements of the Trilemma

It is worthwhile to put the reaffirmation of the validity of monetary
autonomy made in this paper in the context of two recent endorse-
ments of the trilemma. This comparison brings out areas of agree-
ment but also highlights the respects in which the case made here

*2From Obstfeld and Taylor (2017, p. 17).
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goes further than existing endorsements. The discussions considered
are those of Bernanke (2017) and Debelle (2017).

e Bernanke (2017): Bernanke endorses the trilemma and the
implication that monetary policy autonomy is obtainable
under exchange rate flexibility, even when complete capital
mobility connects countries’ financial systems (see Bernanke
2017, p. 7). But much of Bernanke’s subsequent discussion is
concerned with the circumstances under which a central bank
decides to assign to monetary policy tasks other than stabiliza-
tion of domestic economy-wide variables—mnot with whether
stabilization is an available option.

Bernanke (2017, p. 15) indicates that, in the model he con-
siders, the use of monetary policy in a way that makes output
equal potential output is an option. He therefore challenges
the claim of no autonomy and reaches a result highly con-
sistent with the analysis given above. However, this result is
presented in the course of an analysis in which the exchange
rate is “the policy control variable” (p. 15), when in fact a
defining characteristic of targeting domestic variables under
floating rates is that the exchange rate is not controlled.

Bernanke also likens monetary policy autonomy to results
obtained under flexible exchange rates “in the standard
Mundell-Fleming analysis” (p. 15). However, in the standard
Mundell-Fleming analysis the domestic interest rate (but not
the money stock) is pinned down by world conditions even
under floating rates, provided that capital is internationally
mobile. On that dimension, the Mundell-Fleming analysis
gives results unlike those that one would normally associate in
practice with monetary policy autonomy, as under autonomy
one would expect key domestic interest rates to be affected by
actions of the home country’s central bank. Consequently, a
parallel with Friedman (1953a), as above, or with new open-
economy models (as in section 3 below) would seem more ger-
mane, as these analyses, unlike Mundell’s, consider the case in
which a float confers on the central bank the ability to choose
values for domestic interest rates.

o Debelle (2017): Debelle notes that the Reserve Bank of Aus-
tralia (RBA) controls a short-term interest rate and argues



Vol. 16 No. 2 Continuing Validity of Monetary Policy Autonomy 99

that management of this rate can deliver the aggregate-
demand and inflation outcomes sought by the RBA in its
inflation-targeting strategy. His argument amounts to a denial
of the no-autonomy position. But this fact is largely left
implicit. Indeed, Debelle (2017) states:

Rey has recently described this state of affairs as a mon-
etary dilemma. ... That is, we can only set the monetary
policy we want if we impose controls on the flow of capital
in and out of the country. I don’t think the situation is
quite as stark as that. There is still a substantial degree of
flexibility to set domestic monetary policy appropriately
for domestic conditions. But I would certainly agree that
the monetary policy decisions of other central banks are
a significant factor to be taken into account in our mon-
etary policy deliberations. Another way of stating this is
that we don’t have the independence to set the neutral
rate, which is significantly influenced by global forces, but
we do have the independence as to where we set our policy
rate relative to the neutral rate.

Although the conditions stated that begin with the sen-
tence starting “But...” are presented as though they partially
reconcile the Debelle and Rey positions on the situation facing
a central bank under floating rates, they do not in fact imply
any true concession to the Rey position of lack of monetary
autonomy. International factors, including foreign monetary
policy, can matter for the evolution of the domestic aggre-
gate variable(s) targeted by a central bank that has monetary
autonomy. And taking the neutral interest rate as externally
given is a situation that a central bank even in a large or closed
economy typically faces. Therefore, for a small open economy,
the fact that the central bank does not set the neutral rate
does not imply an absence of monetary policy autonomy.

3. Floating Exchange Rates and Monetary Autonomy in
Different Model Environments

The conditions associated with monetary policy autonomy that are
predicted by the standard argument of Friedman (1953a) are present
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in formal dynamic models of the open economy. This is brought out
later, when the properties of sticky-price new open-economy mod-
els under a float are discussed. As a preliminary matter, however,
it is useful to consider the operation of floating exchange rates in
flexible-price new open-economy models.

3.1 Floating Fxchange Rates and Monetary Autonomy in
Flexible-Price Models

Instantaneous full price flexibility is not the environment to which
Friedman’s (1953a) description of monetary autonomy applied. But
the flexible-price case gives insights into the coexistence of interna-
tional financial integration and national monetary policy autonomy
under floating exchange rates.

Flexible prices in the home economy mean that the home mone-
tary authority cannot affect the short-term real interest rate or any
other real variable. In addition, home-economy short-term real inter-
est rates will likely move closely with the rest-of-world rate. As is true
of both sticky-price and flexible-price models, the uncovered inter-
est parity (UIP) condition, once expressed in real terms, indicates
that the spread between the real short-term interest rate and for-
eign real short-term interest rate can vary only if another term in the
condition—such as the expected change in the real exchange rate, or
shocks to the UIP condition—also fluctuates (doing so in a way that
makes the condition hold). In the flexible-price new open-economy
model of Benigno and Thoenissen (2008), for example, there are no
UIP shocks and few other features in the model that occasion the
real exchange rate to vary much, so domestic and foreign real interest
rates largely move in lockstep.

Does the fact that, under floating rates, real interest rates in a
flexible-price small open-economy model are insensitive to the coun-
try’s monetary policy—and are typically linked closely to real rates
abroad—mean that monetary policy autonomy is absent from this
kind of model? The answer is no. The linkage between real inter-
est rates across countries is a sign of financial integration—not of
the absence of monetary policy autonomy. And the central bank’s
inability in the home economy to affect real interest rates is a man-
ifestation not of lack of monetary policy autonomy, but, instead, of
the dichotomy between real and nominal variables that is a feature
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of flexible-price models. The central bank in the open economy has
the power to set nominal variables even in the face of its inability
to affect real variables. Indeed, in Benigno and Thoenissen’s (2008)
model, the central bank chooses and sets the inflation rate every
period

To highlight the prevalence of results of the kind just described,
it is useful to mention here two other recent contributions to the
new open-economy literature. The first contribution worth highlight-
ing is that of Benigno and Benigno (2008). These authors, for the
most part, consider a sticky-price model. However, they are also
concerned with behavior of the corresponding flexible-price econ-
omy. In particular, they consider the case of floating exchange rates
and flexible prices. In this setting, it is feasible and appropriate for
the monetary authority to set the inflation rate to zero every period
(p. 982). Monetary autonomy—properly conceived—thus prevails
under floating rates. At the same time, nominal interest rates enjoy
a continuous relationship with rates abroad because of the uncovered
interest parity condition (p. 973). The flexible-price version of the
Benigno-Benigno model thus exhibits the simultaneous operation of
the two quite distinct features of monetary autonomy and financial
interdependenee

A second study whose results underscore the coexistence of these
two features is Devereux and Yetman (2010). A concern of that study
is to model financial interdependence between countries in such a
manner that cross-country financial linkages have nontrivial impli-
cations for the behavior of macroeconomic variables in each coun-
try. To this end, the authors embed in their model a balance sheet
channel that “gives rise to a separate financial transmission mecha-
nism of business cycle shocks that is independent of trade linkages”
(Devereux and Yetman 2010, pp. 72-73). They go on to examine

Z3In their model, both the home economy and the foreign economy choose an
inflation rate of zero. It would be possible, however, for the home economy to
choose a different inflation rate from that prevailing abroad. Thanks to the Fisher
effect, this would also imply a different nominal interest rate from that abroad,
as expected inflation would differ across economies.

24 As discussed below, the sticky-price version of the model also demonstrates
the coexistence of these two properties.
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model dynamics under a variety of specifications of financial mar-
ket structure. Most of these specifications imply considerable finan-
cial interdependence among countries. Yet across specifications, the
assumption is maintained of complete flexibility of nominal prices
in each country and of floating exchange rates across countries. The
model setting is consequently one in which inflation in each coun-
try is perfectly controllable by the country’s central bank. Therefore,
the various model settings in Devereux and Yetman (2010) all corre-
spond to cases in which financial integration across countries coexists
with monetary policy autonomy of the central bank in each country.

3.2 Floating FExchange Rates and Monetary Autonomy in
Sticky-Price Models

Having considered these examples of flexible-price models, let us now
turn to a situation in which a home economy has (temporarily) sticky
prices. New open-economy models suggest that—depending on the
precise specification of price stickiness and whether the stickiness
applies to the entire price index or only to a subset of prices—the
monetary authority may or may not have the ability in this environ-
ment to make the inflation rate equal to its target rate on a period-
by-period basis. But irrespective of whether it can set the inflation
rate every period in these sticky-price models, the central bank can
set the long-run inflation rate equal to its target. Also irrespective
of whether the central bank can set the inflation rate every period,
it can set the nominal interest rate every period and, if desired,
make it different from the rest-of-the-world nominal interest rate in
any period. These generic features of sticky-price new open-economy
models attest to the fact that the central bank has monetary pol-
icy autonomy under floating exchange rates in these modelst*? For
example, in the sticky-price version of the Benigno and Benigno

%5Tn Woodford’s (2010) model, the combination of the assumed forms of nomi-
nal rigidity, international transactions, and the consumption bundle implies that
the real interest rate (at all maturities) in the home economy is equal every
period to the rest-of-world rate. This is so, even though in the corresponding
closed-economy model with nominal rigidity the central bank would be able to
influence the real interest rate in the short run. However, as discussed presently,
in other new open-economy models the domestic real interest rate can be influ-
enced by the small economy’s central bank. And, as Woodford stresses, even in
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(2008) model, floating rates allow each of the two countries in the
model to follow rules for the short-term nominal interest rate that
respond solely to their own country’s inflation rate and output (see
their proposition 2, p. 978).

Inflation-targeting central banks tend to emphasize their ability,
via monetary policy actions, to make the short-term real interest
rate deviate, in the short run, from the corresponding rate prevail-
ing abroad. For example, Debelle (2017) clearly indicates that the
RBA can influence Australian short-term real interest rates and so
can make them behave differently from rest-of-world rates9 In the
area of modeling, Romer (2000, p. 164) argues that it is vital for a
realistic characterization of a small open economy that, under float-
ing rates, the small open economy’s central bank is able to generate
differences between the path of the home short-term real interest rate
and the path of the rest-of-world rate. Relatedly, Clarida (2019) and
Holston, Laubach, and Williams (2017) provide empirical evidence
that variation across countries in real policy interest rates might be
warranted by country-specific shocks to the short-term natural real
rate of interest.

In new open-economy models with floating rates, it is not a triv-
ial matter to obtain settings in which the central bank can make
movements in the real-—and not just the nominal—short-term inter-
est rate differ in the short run from those in the rest of the world.
However, such settings are obtainable in certain variants of the new
open-economy model of Erceg, Gust, and Lépez-Salido (2010), for
example. It is still the case in this environment that there is a ten-
dency for the real interest rate to move in step with that abroad. But
the central bank can, if it chooses, offset part or all of the influence
of rest-of-world factors on the domestic real short-term interest rate
by taking monetary policy actions that affect the domestic short-
term interest rate (both nominal and real). The quid pro quo of

his model (which is based on that of Clarida, Gali, and Gertler 2002), the domes-
tic central bank has monetary autonomy under floating exchange rates because
it can always make the paths of the inflation rate, the nominal interest rate, and
nominal aggregate demand depart from those prevailing abroad.

268imilarly, in a paper written shortly after his service as Governor of the Bank
of England, Mervyn King suggested that central banks can make real interest
rates in their country different from rest-of-world rates in the short run (see King
and Low 2014, p. 3).
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varying the home economy’s short-term real interest rate in relation
to the rest-of-world real rate is that the expected change in the real
exchange rate will be nonzero 21

Now consider a special case of the above scenario: one in which
prices are sticky not only at home but also in the rest of the world.
Then the foreign central bank can affect foreign real interest rates.
In addition, as already noted, there is a tendency, other things being
equal, for real interest rates to move in step across countries. In com-
bination, these model features imply that monetary policy actions
in the rest of the world that affect the rest-of-world real short-term
interest rate will tend to produce the same movement in the short-
term real interest rate in the home economy. But such a situation
does not mean that the central bank in the home economy lacks
monetary policy autonomy. Foreign monetary policy is a force affect-
ing the short-term real interest rate at home; but the central bank
at home can itself exert an influence on the short-term real rate,
possibly in a manner that offsets foreign influences on that rate.

The central bank therefore has monetary autonomy in sticky-
price models with floating exchange rates. It can use monetary pol-
icy to set the long-run inflation rate and, thanks to sticky prices,
is also able to pursue a stabilization goal for real output and can
influence the short-term real interest rate. By choosing monetary
policy’s reactions to shocks, the central bank can shape the econ-
omy’s overall short-run response to domestic and foreign real shocks
and can make that response different from the response that would
prevail in a fixed-exchange-rate regime

2"This of course means that the UIP condition is satisfied.

28Banerjee, Devereux, and Lombardo (2016), for example, find that a mon-
etary policy based on domestic goals is feasible under floating exchange rates
(and full capital mobility) in their model, and they highlight one such policy
that gives better economic outcomes than those prevailing under fixed exchange
rates. Their conclusion does include the statement (p. 296) that “the benefits of
flexible exchange rates and inflation targeting are very unlikely to hold in a global
financial environment dominated by the currency and policy of a large financial
center, such as [in] the current situation.” This statement is an unwarranted con-
cession to the no-autonomy position. The Banerjee-Devereux-Lombardo model
results do affirm the existence of monetary autonomy under floating rates. The
“benefits of flexible exchange rates” that the authors suggest do not hold in their
model are features that are not part of the (properly stated) monetary-autonomy
argument. (For example, the authors find that capital flows matter for economic
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It may seem like too much emphasis has been given in the pre-
ceding paragraphs to the central bank’s capacity to make short-
term interest rates at home deviate from those abroad. After all,
Rey (2016), while arguing against monetary autonomy, is willing
to grant the ability of an open economy’s central bank to affect
short-term interest rates at home. But, in fact, the argument against
autonomy is crucially undermined once it is established that central
banks can set a country-specific course for short-term interest rates,
as this is tantamount to establishing that monetary policy is not
automatically and rigidly driven by external developments.

Rey (2016, pp. 24-25) takes as a violation of monetary auton-
omy her proposition that it is not possible, “relying on the domestic
interest rate alone[,] to achieve both output stabilization and finan-
cial stability.” Such a proposition is not, in fact, a contradiction of
monetary autonomy. Monetary autonomy does not imply the possi-
bility, under a float, of perfect stabilization of multiple goals using
monetary policy. Instead, as emphasized earlier, monetary auton-
omy allows an open economy’s monetary authority to select for their
country a particular long-run inflation rate 9 Beyond that basic
decision, the monetary authority in a floating-rate economy would
likely also use its autonomy to imbue monetary policy with other
country-specific characteristics. The interest rate instrument can be
deployed to achieve (or to trade off, in the event of a conflict) differ-
ent macroeconomic-stability objectives—implying “the use of mone-
tary policy for stabilization purposes,” as Obstfeld and Rogoff (1995,
p. 74) put it. The central bank can use monetary policy in pursuit of
these macroeconomic stabilization objectives, and it can secure its
desired long-run inflation rate, even in conditions in which monetary
policy abroad is an influence on domestic economic activity.

Adding financial stability to the goals assigned to the country-
specific monetary policy might well introduce a further tradeoff for
monetary policy—in particular, between output stabilization and
financial stability. But the existence of this tradeoff would not imply

activity in a floating-exchange-rate economy—a result not denied in the standard
autonomy argument.)

29In practice, the selection would need to be one consistent with the central
bank’s statutory mandate.
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lack of monetary autonomy. Indeed, even in a closed economy—
in which the central bank invariably has monetary autonomy—a
conflict could emerge between continuous achievement of output
stabilization and a continuous condition of financial stability.

3.3 The Case in Which There Are Interest Rates Other Than
the Policy Rate

In the sticky-price new open-economy models described above, the
asset variables in the home economy that appear explicitly in the
model equations are typically the exchange rate and a short-term
security yield (which is used by the domestic monetary authority as
a policy instrument). In practice, of course, an open economy has
a broader spectrum of asset prices, among them equity prices and
prices of longer-term securities. Some indication of how these asset
prices might be expected to behave under a floating-exchange-rate
regime is therefore in order. This is especially warranted in view
of the fact that, as discussed in the next section, Rey (2016) sees
the behavior of broader asset prices in advanced inflation-targeting
economies as inconsistent with claims that the central banks of those
economies possess monetary autonomy.

Let us first consider the situation in which there is no activity in
longer-term securities markets by either the home or foreign central
bank. The case of central bank purchases of longer-term securities
will be considered subsequently.

In the environment laid out above—{floating exchange rates, full
capital mobility, and central banks’ reliance on a short-term interest
rate instrument—does evidence that international factors affect the
domestic economy’s asset prices, such as equity prices or prices of
longer-term securities, constitute evidence against monetary auton-
omy? It would do so if the argument for autonomy claimed that,
once a nation chooses to float its exchange rate, international fac-
tors, including capital flows, affect the exchange rate but have no
effect on other asset prices in the home economy. However, the stan-
dard argument does not contain this claim. As stressed above, the
standard concept of monetary autonomy instead involves the more
modest claim that the home monetary authority can choose a course
for its policy instruments—thereby influencing real conditions in the
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short run and nominal conditions in both the short run and the long
run.

As already indicated, international capital mobility encourages
co-movement of asset prices. It is in that light that Friedman and
Friedman (1984, p. 127) noted that, under floating rates, a capi-
tal inflow puts downward pressure on domestic interest rates. What
monetary autonomy provides is the opportunity for the central bank
also to affect domestic interest rates. In particular, and as assumed
here, a small country’s central bank could undo the influence of
international factors on the short-term interest rate and instead set
a value for that rate, which consequently becomes the central bank’s
policy instrument. But for a given path of the current and expected
policy rate, other asset prices in the small open economy will be func-
tion of world variables (inter alia), including rest-of-world monetary
policy. For example, equity prices and the term-premium compo-
nent of longer-term rates will likely have such a connection to world
variables.

Long-Term Interest Rates and Asset Purchases. Although
Rey (2016) considered the international effects of a conventional U.S
monetary policy shock, the validity of the trilemma has also been
discussed in the context of the Federal Reserve’s large-scale asset
purchases As is well known, these purchases, which took place
principally from 2008 to 2014, were an unconventional monetary
policy operation initiated by the Federal Open Market Committee
(FOMC) and consisted of acquisitions of U.S. longer-term govern-
ment securities, made with the intention of lowering the term pre-
miums in the interest rates on these securitiesP] It is worth laying
out how the notion of monetary autonomy in floating-rate small
economies endures in the presence of asset purchases by a large econ-
omy’s central bank. In what follows, it will be taken for granted that
asset purchases are indeed capable of lowering term premiums.

Because of global trading in securities, the behavior of U.S.
longer-term interest rates is likely one influence on longer-term inter-
est rates in smaller countries. Therefore, in the presence of asset
purchases, foreign central bank purchases likely become one of the

308ee, for example, Taylor (2016, p. 242).
31Such a lowering was designed to provide stimulus to aggregate spending and
so help bring U.S. economic outcomes closer to the FOMC’s statutory objectives.
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Figure 1. Influences on the Nominal Longer-Term Interest
Rate in a Small Open Economy
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factors affecting domestic as well as foreign term premiums. This is a
way in which foreign monetary policy actions matter for the behav-
ior of domestic long-term interest rates even when the exchange rate
floats and short-term interest rates at home are set by the domestic
monetary authority.

Does such an influence of foreign monetary policy on domes-
tic longer-term interest rates imply a violation of monetary policy
autonomy? The answer is no. For one thing, it remains the case
under a float that monetary policy is not automatically and rigidly
driven by external developments, and the central bank in the home
economy can consequently choose a course for the short-term inter-
est rate. But suppose—to take an extreme case—that the long-term
interest rate in the domestic economy is the only interest rate or
asset price that matters for aggregate demand in the open econ-
omy. In the presence of an influence of foreign monetary policy on
this rate, it is still the case that there is monetary policy auton-
omy, because the home central bank is also able to influence the
longer-term rate.

As usual, the longer-term interest rate can be decomposed into
an expectation of the path of the short-term interest rate (which,
by assumption, is the policy rate) and a term-premium component.
See figure 1. The term premium is in turn affected by domestic and
international factors. The international factors include the foreign
central bank’s asset purchases (that is, its purchases of securities
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issued by the government of its own country—purchases that pro-
duce a reaction of foreign term premiums, which in turn influence
domestic term premiums). But the central bank in the home econ-
omy can itself affect longer-term interest rates at home through two
means: by affecting the expected path of its policy rate and by its
own asset purchase program. This central bank can therefore affect
aggregate demand even when the long-term interest rate is the key
rate for aggregate demand and when the long-term rate is partially
determined by international factors.

4. Reconsideration of Empirical Evidence on Monetary
Policy Autonomy

The discussion in the preceding sections implies that monetary
autonomy is perfectly consistent with international financial integra-
tion. Monetary autonomy does not mean that there are no capital
flows or that those flows do not affect domestic interest rates and
asset prices. A central bank concerned with managing short-term
interest rates can, through its market operations, enforce its will
on a particular short-term market interest rate. The central bank
thereby has a considerable influence on other domestic short-term
interest rates. But both domestic and international forces will drive
the overall constellation of asset prices.

It is thus evident that the case for floating exchange rates does
not correspond to, or embed, a claim that a floating-rate country
obtains financial independence from the rest of the world. On the
contrary, provided that there is international capital mobility, one
should observe financial integration across countries irrespective of
the exchange rate regime. This bears very much on the validity of
much of the case made against the feasibility of monetary policy
autonomy under floating exchange rates. We will see that criticisms
of autonomy have failed to take into account adequately, in the inter-
pretation of evidence and in associated policy conclusions, the funda-
mental distinction between financial interdependence and monetary
autonomy. In mischaracterizing what the monetary-autonomy argu-
ment claims about floating rates, the critique has invalidly taken
international influences on domestic asset prices as evidence against
monetary autonomy.
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In an open economy with a floating exchange rate, it is to be
expected that many asset prices will largely move in tandem with
asset prices abroad and will be influenced by capital flows. Such
financial integration does not preclude, or constitute evidence of the
absence of, monetary policy autonomy for a small country whose
exchange rate floats. The evidence that has been offered that open-
economy central banks lack autonomy is, at bottom, based on the
invalid premise that such autonomy implies a complete disconnection
of asset-price movements across economies.

Nor does the argument for monetary autonomy suggest that the
exchange rate is the only variable in the economy that adjusts to
shocks from abroad. The exchange rate regime matters for how the
economy responds to these international shocks. But a floating rate
in itself does not insulate the economy’s level of real output from
the influence of international shocks in the short run, and it can-
not prevent long-run adjustment of output to international shocks.
Additionally, the cyclical behavior of nominal variables—like aggre-
gate nominal spending and inflation—will likely be influenced by
international shocks under a floating-rate regime. However, the cen-
tral bank will be able to exercise a decisive influence on nominal
variables over longer periods.

In light of these points, let us now consider the results of Rey
(2016), which she sees as evidence against the existence of monetary
autonomy in floating-rate advanced economies.

4.1 Rey’s (2016) Evidence against Monetary
Autonomy Reconsidered

As already stressed, a prominent means by which central banks
are viewed as exercising monetary autonomy entails managing a
short-term interest rate in their economies and making decisions
on that rate in light of developments in domestic economic vari-
ables. However, in contending that inflation-targeting economies lack
monetary policy autonomy, Rey (2016) does not focus on relation-
ships between policy rates. She finds only mixed evidence of effects
of U.S. monetary policy shocks on other advanced economies’ pol-
icy rates and downplays the worth, as a metric for judging mone-
tary policy autonomy, of cross-country co-movements of policy rates
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(see Rey 2016, pp. 7, 22, 24, 26) Rather, she concentrates on
reactions of domestic financial variables other than the policy rate
in arguing that advanced economies lack monetary policy autonomy.
Specifically, Rey (2016) conducts a vector autoregression (VAR)
analysis of the effects of U.S. monetary policy shocks on key vari-
ables in several inflation-targeting advanced economies: the United
Kingdom, Canada, Sweden, and New Zealand. In what she regards
as a contrast with the notion that these nations’ central banks can
achieve domestic objectives under a float, she finds that financial
variables other than the policy rate respond to a U.S. monetary
shock.

In evaluating this evidence, it is worth beginning with one domes-
tic variable that, although it is not actually included in her VAR
analysis, Rey (2016, p. 10) highlights as affected by foreign factors
(specifically, by U.S. monetary policy): credit growth. She stresses

32Rey is critical of other work on monetary autonomy that centers on the
cross-country connections between policy rates. Indeed, her criticism includes
the curious statement (Rey 2016, p. 24): “The trilemma, by focusing exclusively
on the interest rate, seems to miss a potentially important channel of transmis-
sion of monetary policy in international markets.” The reason this statement is
curious is that, as already noted, the Mundell (1963) article cited by Rey as a
key reference on the trilemma actually presented a model in which the mone-
tary authority had no ability to influence interest rates under floating rates (a
setting also described in Fleming 1962, p. 372). The Mundell (1963) reference is
therefore itself sufficient to establish that the trilemma concept and the literature
associated with it cannot be regarded as “focusing exclusively” on interest rates.

In a similar vein, Rey (2016, p. 7) specifically states that in the Mundell-
Fleming model a floating exchange rate gives the central bank the power to
control domestic interest rates. In fact, in the Mundell-Fleming model under
full capital mobility, interest rates never differ from those abroad, irrespective of
exchange rate regime. In early work by Mundell (such as Mundell 1960, 1961)
a small open economy used the interest rate as its policy instrument, but his
most celebrated contributions in the 1960s on the flexible-rate/fixed-rate dis-
tinction did not treat the interest rate as chosen by a small economy’s central
bank. (Indeed, in Mundell and Swoboda 1969, pp. 262-63, Mundell actually repu-
diated the practice of treating the interest rate as a policy instrument in an
open economy.) It was not Mundell but other authors (including Friedman, as
indicated above, and many contributors to the more recent new open-economy
literature) who associated monetary autonomy with the ability of the central
bank to influence the (or an) interest rate.

All this said, it is indeed the case that caution is needed in considering research
that judges the existence or extent of monetary policy autonomy on the basis of
cross-country correlations of policy rates. Such work has limitations discussed in
section 4.2 below.
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that credit growth in floating-rate open economies is influenced
by international factors, operating via capital flows. However, it is
almost a truism that a capital inflow will increase a country’s credit
growth irrespective of exchange rate regime, and this truism can
hardly be regarded as evidence against monetary autonomy. A net
capital inflow will tend to increase a country’s overall external lia-
bilities; and, usually, part of this increase in liabilities will take the
form of borrowing from abroad. Therefore, ceteris paribus, capital
inflows will tend to increase credit growth in the domestic economy.
Under floating rates, the existence of this mechanism does not imply
lack of monetary autonomy on the part of the home economy’s cen-
tral bank. On the contrary, under floating rates the capital inflow
does not compromise the central bank’s ability to manage short-
term interest rates and, in particular, does not prevent the central
bank from making short-term rates differ from those abroad.

Rey (2016, p. 13) nonetheless sees capital flows as violating mon-
etary autonomy for the following reason: “As capital flows respond
to U.S. monetary policy, they may not be appropriate for the cycli-
cal conditions of many economies.” But such a scenario actually has
no bearing on the matter of monetary policy autonomy. An influ-
ence of capital flows on the domestic economy’s business cycle is
a case in which a development other than domestic monetary pol-
icy affects aggregate demand. It does not imply that the central
bank is not itself incapable of affecting (real and nominal) aggregate
demand. Provided that the central bank has this capability, it can,
if it desires, take actions that offset other forces, including capital
flows, affecting aggregate demand. That is, under floating exchange
rates, the central bank is able to set the short-term nominal interest
rate in response to the economic outlook, including any effect that
capital flows have had on the outlook. Furthermore, and in contrast
to the fixed-rate case, the central bank under floating rates is able
to decide, via its monetary policy response, whether capital flows
are permitted to have any lasting influence on nominal variables.

Let us now consider the key domestic financial variable (other
than the policy rate) included in Rey’s (2016) VAR analysis

33Rey (2016) also shows responses to U.S. monetary policy shocks of inflation-
targeting countries’ output and consumer price index. It is consistent with mon-
etary autonomy for output to be responsive to international shocks (including,
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This is the “mortgage spread”—defined as the spread between the
mortgage interest rate and the long-term government bond rate.

Central banks in open economies certainly tend to take the posi-
tion that the mortgage interest rate is an important interest rate that
their own actions influence. But Rey’s results do not actually contra-
dict this position. She finds that U.S. monetary policy shocks are a
factor affecting the spread in open economies between the mortgage
interest rate and the long-term government bond rate. Nothing in
this result precludes the home central bank’s monetary policy from
being an important factor affecting the absolute level of mortgage
interest rates.

With regard to long-term government bond rates themselves,
these—like equity prices—fall into the category of domestic asset
prices that one would expect to be influenced by world conditions,
including U.S. monetary policy shocks, even when the exchange rate
floats and the central bank has monetary policy autonomy. This
point was discussed in section 3.3 above. Nothing in Rey’s results is
inconsistent with the notion that longer-term rates are also affected
by domestic factors, including the actions of the home central bank.

In sum, Rey’s (2016) empirical findings are consistent with finan-
cial integration of the kind that one should observe when a small
open economy possesses the features of international capital mobil-
ity, floating exchange rates, and monetary policy autonomy. It fol-
lows that results indicating that movements in asset prices in the
economy are linked to those in the rest of the world do not constitute
evidence against that economy’s monetary policy autonomy.

Rey (2016, p. 13) states: “Although seeing a lot of comovement in
asset prices worldwide may just be reflecting market integration, the
fact that these comovements are to some extent caused by U.S. mon-
etary policy is important.” Such co-movements and their source may
indeed be important. But these factors do not refute the existence
of monetary policy autonomy. Their existence does not obstruct
the home central bank from affecting the actual real policy rate.

in the short run, foreign monetary policy shocks that affect real asset prices and
output in the foreign economy). And while, under monetary autonomy, it is pos-
sible for monetary policy to make nominal variables such as the consumer price
index (CPI) immune from foreign influences over long periods, autonomy does
not imply that the CPI and CPI inflation are insensitive to international shocks
in the short run.
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The central bank is then in a position to reinforce, accommodate, or
offset international shocks that affect the domestic economy’s level
of aggregate demand. In Wicksellian terms, international shocks are
among the factors determining the natural value of the real policy
rate in the domestic economy: such shocks affect the value of the
actual policy rate consistent with keeping output at potential. But
their existence does not prevent the home economy’s monetary pol-
icy, as reflected in the central bank’s choice for the policy rate, from
influencing aggregate demand P4

4.2 Interrelations of Policy Rates across Countries

Let us now return to the situation in which monetary policy is cen-
tered on management of a short-term interest rate. A great deal of
research on testing and indexing monetary policy autonomy focuses
on the strength of the correlations of short-term interest rates across
countries under different exchange rate regimes For example,
Edwards (2017, p. 10), like many others, notes that lack of mone-
tary policy autonomy implies a situation in which a small country’s
policy rate must keep in step with the short-term nominal interest
rate prevailing in the rest of the world, and his tests of monetary
autonomy rest on the premise that autonomy is associated with sta-
tistical independence of the home policy rate and the rest-of-world
rate. The same notion underlies such investigations as Aizenman,
Chinn, and Ito (2008) and Klein and Shambaugh (2015).

There are, however, grounds for believing that, outside the
extreme cases of correlations of zero or unity, positive correlations
of policy rates across countries are not informative about the degree
of monetary policy autonomy. To be sure, a perfect or near-perfect
positive correlation of a small country’s policy rate with the policy
rate abroad is very likely testament to fixed-exchange-rate condi-
tions (formally or de facto) and to a corresponding lack of monetary
autonomy. And the ability of an open economy’s central bank to
make its policy rate wholly uncorrelated over long periods with that

34This is consistent with Debelle’s (2017) account, quoted in section 2.4, of the
situation facing the Australian monetary authorities.
35For an early study in this vein, see Throop (1980).
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in economies abroad does point to the likelihood that it possesses
monetary autonomy.

In contrast, the intermediate case of an imperfect positive corre-
lation is unlikely to be informative about autonomy. Findings that,
under capital mobility and floating rates, policy rates are correlated
across countries, or results indicating that the domestic policy rate
responds to foreign variables, do not in themselves amount to a
refutation of the existence, availability, and practical importance of
monetary policy autonomy in small open economies whose exchange
rates float.

To see this, it is useful to put aside the case in which the small
open economy’s central bank decides to follow a monetary policy
strategy not solely oriented toward domestic aggregate goals. This
case includes the possibilities that the central bank implements a
managed exchange-rate float or responds to developments in the
trade sector—as Bernanke (2017) argues might be the situation in
some emerging economies. Such possibilities will be bypassed, as
they are unlikely to pertain to the advanced economies—focused
upon here—that target inflation and float their exchange rate. The
monetary authorities in these latter economies likely instead fit
Debelle’s (2017) characterization of being concerned with “very
much domestic” objectives.

In the case of these domestic-objectives-focused economies, a
positive correlation between policy rates and those abroad might
emerge under monetary autonomy for two basic reasons. First, there
could be policy rate responses to international shocks that mat-
ter for—and might tend to destabilize, absent an appropriate pol-
icy response—domestic variables like inflation or the output gap9
Second, a positive correlation could arise from the central bank’s
response to shocks to domestic spending and production that have
an international component, in the sense of being correlated with the
corresponding shocks elsewhere. For example, taste or technology
shocks might have a global component.

36Such a domestic policy response to international shocks might be brought
about via the policymakers’ belief in the importance of the exchange rate for the
behavior of domestic variables. For example, King (1997, p. 227) observed that in
U.K. inflation targeting, exchange rate behavior was “an important component
of our assessment of the economy and the prospects for inflation.”
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The point that a policy strategy focused on domestic economic
stability might involve responses to global shocks has occasionally
been acknowledged, but not stressed, in studies that focus on pol-
icy rate correlations in judging the validity of the trilemma (see,
for example, Klein and Shambaugh 2015, p. 38). It receives more
emphasis in Obstfeld (2015, p. 14). However, the shocks possess-
ing a global component likely go beyond the financial shocks that
Obstfeld nominates as candidates. Global financial shocks certainly
are a plausible source of cross-country macroeconomic interaction—
especially if cross-country financial channels of the kind modeled by
Devereux and Yetman (2010) are important—and could lead to cor-
relations across countries of policy rates; but, as already indicated,
shocks to spending on goods and to the supply side also likely have
an important global component.

The reasoning outlined above implies that, even though mone-
tary autonomy can make an open economy’s policy rate statistically
independent of policy rates abroad, a strictly positive, but imperfect,
correlation with policy rates abroad need not signify the absence of
monetary autonomy.

5. Conclusion

In a closed-economy model, the monetary authority is able to exert
a decisive influence on the course of nominal variables in the long
run and, if there is price stickiness that wears off over time, it is
also able to influence the course of real variables in the short run.
If a small economy’s central bank in an open-economy model has
these same abilities when it lets its exchange rate float, then it is
appropriate to conclude that the central bank in that model has
monetary policy autonomy under a float. It has been argued above
that the central bank does have such autonomy under floating rates
in standard new open-economy models and that, furthermore, this
autonomy is of practical relevance, aiding understanding of policy
behavior and economic outcomes in floating-rate, inflation-targeting
advanced economies.

Monetary autonomy for a central bank, as expounded by Fried-
man (1953a) in his case for floating exchange rates, means that the
central bank has prerogatives regarding the creation of the total
amount of base money, irrespective of the monetary policy pursued
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abroad. A corollary of this is that, for a small open economy whose
exchange rate floats, variations in trade balances, in capital flows,
or in monetary developments abroad have no automatic implica-
tions for the setting of monetary policy instruments. Consequently,
the economy’s central bank is in a position to pursue stabilization
policies (typically, in practice, via the management of a short-term
interest rate). That situation holds under floating exchange rates in
actuality, as well as in sticky-price new open-economy models under
the assumption of floating.

Monetary autonomy does not imply that asset prices at home
(including interest rates other than the policy rate) are insensitive
to international factors, including developments in monetary policy
abroad. On the contrary, everything else equal, financial integration
will create tendencies for real yields in the home economy to move
closely with those in the rest of the world. When prices are sticky in
the rest of the world, foreign monetary policy will be one influence,
in the short run, on rest-of-world real yields and so on domestic real
yields, without any violation of monetary autonomy in the home
economy.

In light of these properties and implications of monetary auton-
omy, it is clear that empirical evidence like that recently offered as
evidence against the practical importance of monetary autonomy
does not, in fact, amount to valid evidence against autonomy. As
this paper has stressed, empirical findings put forward as contradict-
ing monetary autonomy—such as the influence of foreign monetary
policy shocks on domestic asset prices—are, in qualitative terms,
features that can be found in new open-economy models in which
the monetary authority possesses autonomy under floating exchange
rates and complete capital mobility.

Rey (2016) finds that U.S. monetary policy shocks affect asset
prices and other financial conditions in advanced inflation-targeting
economies. Such evidence confirms that foreign monetary policy
likely is one of the sources of international shocks that affect out-
put and aggregate demand in open economies. But, as indicated
above, monetary policy autonomy does not require that the domes-
tic economy is unaffected by shocks abroad, including, in the short
run, foreign monetary policy shocks. It only requires that the cen-
tral bank at home is itself able to affect the domestic economy by
influencing aggregate demand.
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Edwards (2017) and others find that policy rates in small open
economies are related to those abroad, even under conditions of float-
ing exchange rates. But, as has also been indicated above, although
a float enables the central bank to create deviations in the policy
rate from policy rates abroad, its pursuit of domestic objectives may
lead it, on occasion, to make the policy rate move with rest-of-world
rates. Consequently, although a lack of correlation between the home
policy rate and that abroad may be testament to monetary auton-
omy in the home economy, a significant positive correlation can be
consistent with the operation of an autonomous monetary policy,
directed at domestic objectives, in that economy.

The analysis given here reaffirms the standard result that if an
open economy floats its exchange rate, it secures monetary pol-
icy autonomy. Controls on international capital movements are not
needed for autonomy. The result that monetary autonomy prevails
whether capital controls are imposed or not does not, of course, mean
that financial conditions in the home economy are the same with or
without such controls. On the contrary, capital controls modify—and
likely reduce—the influence of rest-of-world developments on asset
prices and on other financial conditions in the home economy. It is
possible that the authorities of an open economy could see merit, on
net, in such a situation—perhaps on financial stability grounds
Nevertheless, such considerations do not bear on the validity of the
dilemma/trilemma distinction—which pertains to monetary policy’s
power. The linkage between the economy’s asset prices and those in
the rest of the world should be clearly distinguished from the cen-
tral bank’s ability to carry out a stabilization policy that shapes
the path of aggregate demand and inflation. Provided that it has
that power in a floating-rate setting (even without capital controls),

37Tt is tempting to add that, as asset prices are among the factors that influence
aggregate demand, capital controls imply greater scope for the monetary author-
ity in its demand management. But it bears repeating that monetary autonomy
refers to monetary policy’s ability to affect aggregate demand; provided that pol-
icy has this ability under a float, monetary autonomy prevails. Capital controls
might mean that there are fewer forces that monetary policy needs to offset to
stabilize aggregate demand; the monetary authority may feel that the task of sta-
bilization policy is thereby made easier. But monetary autonomy would prevail
even without imposition of these controls.
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a central bank in an open economy does possess the monetary policy
autonomy described by the trilemma.
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1. Introduction

In monetary policy analysis, a commonly used measure of economic
activity is the output gap, which is a gauge of how far the economy
is from its productive potential. The output gap is conceptually
appealing as an indicator to help guide policy because it is an impor-
tant determinant of inflation developments. A positive output gap
implies an overheating economy and upward pressure on inflation.
By contrast, a negative output gap implies a slack economy and
downward pressure on inflation. Thus, if available, accurate and
timely estimates of the output gap can play a central role in the
conduct of effective monetary policy. A positive output gap prompts
the central bank to cool an overheating economy by raising policy
rates, whereas a negative output gap prompts for adding monetary
stimulus.

In practice, however, the output gap is a noisy signal of economic
activity. Estimates of the output gap are often subject to large revi-
sions, even long after the time policy is actually madel] Thus, there
is broad interest in finding monetary policies that are robust to per-
sistent errors in measuring the output gap. As Taylor and Williams
(2010) explained, one view is that in simple policy rules the optimal
coefficient on the output gap declines in the presence of noise in
measuring the gap. The logic for this result is straightforward. The
reaction to the mismeasured output gap adds unwanted noise to the
setting of monetary policy, which causes unnecessary fluctuations in
output and inflation. Such adverse effects of noise can be reduced
by lowering the coefficient on the output gap in the policy rule.

At the same time, many argue for greater policy activism when
the zero lower bound (ZLB) on nominal interest rates constrains
policyEI The inability to reduce the policy interest rate below its

'Measuring the output gap involves two complications. First, potential out-
put cannot be measured directly, so it must be estimated. Second, GDP data are
regularly revised as statistical agencies incorporate more complete source infor-
mation and new methodologies into the published data. As Orphanides and van
Norden (2002) showed, estimating potential output is the main source of errors
in measuring the output gap.

2This article adopts the standard practice of referring to a zero lower bound on
nominal interest rates. The recent experience with negative nominal interest rates
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effective lower bound can limit, or even impair, the ability of mon-
etary policy to stabilize output and inflation. As Reifschneider and
Williams (2000) showed, increasing the coefficient on the output gap
in simple policy rules can improve economic performance. An active
response to the output gap prescribes greater monetary stimulus
before and after episodes when the ZLB constrains policy, which
lessens deflationary pressures when the ZLB constrains policy. But
there are clear limits to such an approach, as it generally increases
the volatility of inflation and interest rates. A large coefficient on the
output gap can be counterproductive, especially when the output
gap is mismeasured.

In light of such concerns, another perspective is that central
banks should ignore the output gap altogether to focus strictly
on stabilizing inflation or seek instead to stabilize the level of
nominal gross domestic product (NGDP). NGDP-level targeting is
particularly appealing for two reasons. First, monetary policy is
then expected to be more robust to errors in the measurement of
economic activity, because revisions to GDP are typically smaller
than revisions to the output gap. Estimates of GDP are not prone
to errors from estimating potential output. Second, the central
bank is also required to make up for any past shortfalls from its
NGDP target, which ensures greater policy stimulus during ZLB
episodes.

This article, thus, studies the performance of such monetary pol-
icy rules in a small New Keynesian model, with the central bank
facing persistent errors in the measurement of economic conditions
and a ZLB constraintf In the model, several types of structural
and noise shocks buffet the economy. On the supply side, technology
shocks push output gaps and inflation in the same direction, whereas
cost-push shocks instead cause an inflation-output tradeoff. On the
demand side, adverse demand shocks and the ZLB constraint create
a tradeoff between stabilizing current and future output, because
it is desirable for the central bank in a ZLB episode to promise to

in Denmark, Japan, Sweden, Switzerland, and the euro zone suggests the effective
lower bound is somewhat below zero. See Svensson (2010) for a discussion.

3This analysis assumes the private sector possesses full information about the
state of the economy in real time, which implies the model can be treated as struc-
turally invariant under different policies. See Aoki (2003, 2006) and Svensson and
Woodford (2004) for a discussion.
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induce an expansion after the ZLB episodeE Moreover, the central
bank faces persistent noise shocks in the setting of monetary policy,
which creates a tradeoff between fluctuations in the economy from
structural shocks and those from noise shocks.

The stylized model offers a clear illustration of such tradeoffs in
the evaluation of the monetary policy rules. Before proceeding to
the evaluation, the model is calibrated to recent U.S. data, with the
conduct of monetary policy described by a simple rule often used in
policy analysis, namely a version of the Taylor rule with interest rate
smoothing. In the calibration of the model, the structural shocks are
persistent to generate propagation in the model as in the data. The
noise shocks are persistent to reflect historical revisions of the data.
Also considered is the optimal commitment policy, to be used as a
benchmark for the evaluation. The monetary policy rules are then
ranked in terms of performance, based on the model’s social welfare
function.

With the calibrated model, I study the extent to which persistent
errors in the measurement of economic conditions and a ZLB con-
straint adversely affect the performance of the two targeting rules
and inertial Taylor rule, relative to the optimal commitment policy.
The analysis produces three main results. First, under the optimal
commitment policy, although measurement error and the ZLB con-
straint are both a source of fluctuations in output and inflation,
social welfare is more severely affected by the ZLB constraint. As a
second main result, the ZLB constraint plays a critical role for the
ranking of two targeting rules. In the absence of the ZLB, the central
bank should focus on stabilizing inflation rather than nominal GDP.
But present the ZLB, a policy that seeks to stabilize the level of nom-
inal GDP improves substantially the tradeoffs faced by the central
bank. And third, if monetary policy becomes more severely con-
strained by the ZLB, social welfare is more severely affected under
a targeting rule that does not require the central bank to make up
for past shortfalls from the target.

In the previous literature, in the aftermath of the financial crisis
and Great Recession, proposals for NGDP-level targeting include

4The promise is credible if the central bank commits to making up for past
shortfalls from its target, as is the case with an inertial Taylor rule or with a
NGDP-level target.
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Hatzius and Stehn (2011, 2013), Sumner (2011, 2014), Woodford
(2012, 2013), Frankel (2013), and Billi (2017), among othersP But
none of these articles takes into account that central banks face per-
sistent errors in the measurement of economic conditions. In another
strand of literature, studies about the design of monetary policies
that are robust to measurement error include Orphanides et al.
(2000), Orphanides (2001, 2003), Rudebusch (2002), Smets (2002),
Aoki (2003, 2006), Ehrmann and Smets (2003), Svensson and Wood-
ford (2003, 2004), Boehm and House (2014), Garin, Lester, and Sims
(2016), and others. But these articles do not take into account a
ZLB constraint. Gust, Johannsen, and Lépez-Salido (2017) study
the interaction between mismeasurement of the state of the econ-
omy and a ZLB constraint but for tractability need to assume the
mismeasurement is not persistent. Relative to the previous litera-
ture, the contribution of this article is to show that the ranking
of the monetary policy rules depends crucially on the likelihood of
hitting the ZLB constraint.

The article proceeds as follows. Section 2 describes the model
and monetary policy rules. Section 3 presents the model outcomes
and policy evaluation. Section 4 concludes. The appendix contains
technical details of the model solution and additional results.

2. The Model

I use a small New Keynesian model as described in Woodford (2010).
I describe the conduct of monetary policy with targeting rules, and
with a simple rule to be used for the calibration of the model. In
each of the policy frameworks considered, the central bank faces per-
sistent errors in the measurement of economic conditions and a ZLB
constraint. I explain the features of this model and the equilibrium,
and then calibrate the model to U.S. data.

5There is also an extensive literature on the notion of nominal income growth
targeting, at first suggested by Meade (1978) and Tobin (1980) and then studied
by Bean (1983), Taylor (1985), West (1986), McCallum (1988), Clark (1994),
Hall and Mankiw (1994), Jensen (2002), Walsh (2003), and Billi (2011b), among
others.
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2.1 Private Sector

The behavior of the private sector is described by two structural
equations, log-linearized around zero inflation, which represent the
demand and supply sides of the economy. The economy is buffeted
by persistent demand and supply shocks.

On the demand side of the economy, the Euler equation describes
the representative household’s expenditure decisions,

Yt = Eyip1 — @ (ic =7 — EyTopr — ), (1)

where FE; denotes the expectations operator conditional on informa-
tion available at time t. y; is output measured as the log-deviation
from a trend. m; is the inflation rate, the log-change of prices from
the previous period,

Tt = Pt — Pt—1- (2)

And i; > 0 is the short-term nominal interest rate, which is the
instrument of monetary policy and is constrained by a ZLB. r > 0 is
the steady-state interest rateé > 0 is the interest elasticity of real
aggregate demand, capturing intertemporal substitution in house-
hold spending. The demand shock, v, represents other spending,
such as government spending, which has asymmetric effects on the
economy due to the ZLB constraint. A positive demand shock can
be countered entirely by raising the nominal interest rate, whereas a
large adverse shock that leads to hitting the ZLB causes an economic
downturn.

On the supply side of the economy, the Phillips curve describes
the optimal price-setting behavior of firms, under staggered price
changes a la Calvo,

T = BT + KXy + Uy, (3)

where § € (0,1) is the discount factor of the representative house-
hold, determined as 1/ (1 + 7). The slope parameter x > 0 is a func-
tion of the structure of the economyl’l x; = y; —y;* is the output gap

SThus, iy — r — Eymi41 is the real interest rate in deviation from steady state.
In this model Kk = (1 —a)(1—aB)a™" (¢ " +w) (1 +wh) ™", where w > 0
denotes the elasticity of a firm’s real marginal cost. § > 1 is the price elastic-
ity of demand substitution with firms in monopolistic competition, and thus the
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in the economy. y;* is the natural rate of output, or potential out-
put, the output deviation from the trend that would prevail in the
absence of any price rigidities, which represents a technology shock.
A positive technology shock implies slack in economic activity and
downward pressure on prices, whereas a negative shock implies a
strong economy and puts upward pressure on prices. Moreover, u;
is a cost-push shock, or markup shock resulting from variation over
time in the degree of monopolistic competition between firms, which
creates an inflation-output tradeoff for monetary policy.

In this model economy, the three types of exogenous struc-
tural shocks (y}',us, ) are assumed to follow AR(1) stochastic
processes, with first-order autocorrelation parameters p; € [0, 1) for
J = y",u,v. Moreover, o.je;; are the innovations that buffet the
economy, which are independent across time and cross-sectionally,
and are normally distributed with mean zero and standard devia-
tions o.; > 0.

Finally, the monetary policy rules to be considered are evaluated
based on the model’s social welfare function, a second-order approx-
imation around zero inflation of the lifetime utility function of the
representative household,

Bo Y 8" [+ A(m — 2], (4)

t=0

where A = /0 is the weight assigned to stabilizing the output gap
relative to inflation. ™ is the target level of the output gap, which
stems from monopolistic competition and distortion in the steady
state. Output subsidies are assumed to offset the monopolistic dis-
tortion so that the steady state is efficient, £* = 0. As a result, in
this analysis, there is no inflation bias but there is a stabilization
bias due to suboptimal monetary policy and markup shocks, even if
monetary policy is not constrained by the ZLB.

seller’s desired markup is 6/ (6 — 1). Moreover, o € (0,1) is the share of firms
keeping prices fixed each period, so the implied duration between price changes
is1/(1—a).
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2.2 Monetary Policy

I consider four monetary policy frameworks, namely a simple pol-
icy rule, two targeting rules, and optimal commitment policy. In
each of these policy frameworks, the central bank faces a ZLB con-
straint and persistent errors in the measurement of economic condi-
tions. Regardless of the ZLB constraint, the measurement errors lead
to policy mistakes and therefore cause a deterioration in economic
performance.

The first policy framework is an inertial Taylor rule subject to
a ZLB constraint, along the lines of Taylor and Williams (2010),

iy = max [0, gsi'y + (1= ¢3) (r + ¢n7r) + G02f)], (5)

where ¢, and ¢, are positive response coefficients on observed infla-
tion, mf = m+e], and the observed output gap, 7 = x;+€}, respec-
tively. ef and e represent noise shocks or measurement errors 8 This
rule incorporates smoothing in the behavior of the interest rate,
through a positive value of the coefficient ¢; € [0,1). Moreover, i} ;
denotes an unconstrained or notional interest rate, the preferred set-
ting of the policy rate in the previous period that would occur absent
the ZLB constraint. Thus, the policy rate is kept below the notional
interest rate following an episode when the ZLB is a binding con-
straint on policyﬁ This inertial Taylor rule is used for the calibration
of the model (section 2.4).

The next two policy frameworks considered are targeting rules
subject to a ZLB constraint. In other words, rather than following a
simple policy rule, the central bank aims to stabilize a target variable
by reoptimizing to the extent possible its policy decision (i; > 0) in
each period. One of the targeting rules considered is strict inflation
targeting,

7y = 0 subject to iy > 0, (6)

8In the data, both inflation and output gaps are subject to persistent revisions
(section 2.4). Thus, in the model, instead of using only one noise shock to reduce
the number of state variables, both ef and ef are present for the policy rule to
be consistent with the real-time data.

9Such an approach implies that the central bank compensates to some extent
for the lost monetary stimulus due to the presence of the ZLB, even though the
central bank does not commit to making up for past shortfalls from a nominal-
level target.
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where the central bank seeks to stabilize inflation without any con-
cern for output stability and, therefore, transfers the burden of
shocks onto output. This targeting rule does not involve any inertia
in the setting of monetary policy, because the current policy deci-
sion disregards past economic conditions and past misses from the
target.

The other targeting rule considered in this analysis is nominal-
GDP-level targeting,

ny = 0 subject to i; > 0, (7)

where n? is observed nominal GDP, n? = n; + e}. Specifically,
ny = p¢ + y¢ is actual nominal GDP measured as the log-deviation
from a trend, and e} is a noise shock. With this targeting rule, the
central bank seeks to stabilize nominal GDP, as opposed to focus-
ing entirely on inflation stability, which now requires the burden
of shocks to be shared by inflation and output. This targeting rule
involves inertia in the behavior of monetary policy because the cur-
rent policy decision depends on the past price level, as p; = p;—1 + 7¢.

Next, as a benchmark for the evaluation of these monetary policy
rules, I use the optimal commitment policy. In such a policy frame-
work, the central bank is assumed able and willing to fully commit to
its policy announcements, to maximize the welfare of the represen-
tative household. In this ideal policy framework, the central bank’s
objective function is given by

o
. t 0\2 0\2
minFo ) [(70)* + A @9)?],
where the central bank seeks to stabilize to the extent possible
inflation and the output gap, subject to a ZLB constraint. This
objective function generally differs from the social welfare function,
equation (4), because the central bank faces persistent errors in the
measurement of inflation and the output gap. These measurement
errors cause a deterioration in economic performance, regardless of
the ZLB constraint.

In these four monetary policy frameworks, the exogenous
noise shocks (ef,ef,ey) are assumed to follow AR(1) stochastic
processes, with first-order autocorrelation parameters p; € [0, 1) for
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| = e™,e%, e™. Moreover, o.;€:;+ are the shock innovations buffet-
) ) ) gjcgt

ing the economy, which are independent across time and cross-
sectionally, and normally distributed with mean zero and standard
deviations o.; > 0.

2.8 Equilibrium

At equilibrium, the policymaker chooses a policy based on a response
function y (s;) and a state vector s;. The s; includes the endoge-
nous variables, the structural shocks, as well as the noise shocks
affecting the central bank’s observation of economic conditions. The
corresponding expectations function is then

Euy (s:41) = / Y (8041) £ (e d (Ers1)

where f () is a probability density function of future innovations,
both in the structural and noise shocks, which buffet the economy.
In such a setting, an equilibrium is given by a response function
and expectations function, y (s;) and E;y (s¢+1), which satisfy the
equilibrium conditions, derived in section A.1 of the appendix.

Ignoring the existence of uncertainty about the future state of
the economy, the model can be solved with standard numerical
methods, as done in Orphanides and Wieland (2000), Reifschneider
and Williams (2000), Williams (2009), Levin et al. (2010), Coibion,
Gorodnichenko, and Wieland (2012), and Guerrieri and Iacoviello
(2015), among others. When the ZLB threatens, however, the mere
possibility of hitting the ZLB causes expectations of a future eco-
nomic downturn and therefore prompts for adding policy stimulus
today, as shown by Adam and Billi (2006, 2007), Nakov (2008), and
others. In this analysis, as in Billi (2011a, 2017), I use a numeri-
cal procedure that accounts for the ZLB constraint and uncertainty
about the evolution of the economy

2.4 Baseline Calibration

The model economy is calibrated to revised U.S. data for recent
decades, as in Billi (2017), with monetary policy described by the

10Gee section A.2 of the appendix for a description of the algorithm used to
solve the model.
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inertial Taylor rule (5) that features prominently in Federal Reserve
discussions. The values of the rule coefficients are taken from Eng-
lish, Lépez-Salido, and Tetlow (2015), with ¢, set to 1.5, ¢, set to
1/4 (quarterly rates), and ¢; set to 0.85. The rule thus accounts for
smoothing in the setting of the policy interest rate.

The values of the structural parameters are also standard in the
related literature. Specifically, § is set to 0.993, to imply r equal
to 3 percent annual. ¢ is set to 6.25[1] The implied parameters s
and A are then equal to 0.024 and 0.003 (quarterly), respectively.
Regarding the structural shocks, pyn .., are set to 0.8, to generate
persistent effects on the economy. oy» , are set to 0.8 percent (quar-
terly) to try to replicate respectively the volatility of output and
nominal interest rates in the data, whereas o, is set to 0.05 percent
(quarterly) to match the inflation volatility in the datald Overall, as
Billi (2017) showed, with the inertial Taylor rule and revised data,
the model does a fairly good job in replicating the relevant features
of recent U.S. data[td

"ais set to 0.66, so the duration between price changes 1/ (1 — «) is three quar-
ters. 0 is set to 7.66, so the markup over marginal cost 6/ (0 — 1) is 15 percent.
Moreover, w is set to 0.47.

12The inflation rate is measured as the continuously compounded rate of change
in the seasonally adjusted personal consumption expenditures chain-type price
index less food and energy (source: Bureau of Economic Analysis, BEA). Out-
put is measured as the log-deviation from trend in seasonally adjusted gross
domestic product (source: BEA). The output gap is calculated as the deviation
of real gross domestic product from potential, as a fraction of potential using
seasonally adjusted data (source: Congressional Budget Office). And the nominal
interest rate is measured as the average effective federal funds rate (source: Fed-
eral Reserve Board). The sample period used to calibrate the structural shocks
is the same as in Billi (2017), 1984:Q1-2014:Q4, which ensures the results are
directly comparable. Moreover, extending the sample to the latest available data
does not affect the good fit of the model to the data. Real-time and revised data
are obtained from archival economic data available at the Federal Reserve Bank
of St. Louis, https://alfred.stlouisfed.org.

138till, output and inflation are somewhat less persistent in the model results
than in the data because this basic model, for the sake of simplicity, does not
allow for structural propagation mechanisms that give rise to output and infla-
tion inertia. As a consequence, the stylized model understates the frequency and
duration of ZLB episodes. With the inertial Taylor rule and revised data, the
model predicts that the policy rate hits the ZLB about 4 percent of the time,
and the expected duration of a ZLB episode is about four quarters (table 2). In
actuality, the federal funds rate has been near the ZLB from the end of 2008 to
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The calibration of the noise shocks is obtained fitting historical
revisions of U.S. data, as done in Billi (2011b). Real-time estimates
reflect information actually available to policymakers in each quar-
ter, whereas revised estimates reflect information available at the
end of the sample period. The difference between revised and real-
time estimates is the historical revision of the data. (ocer, Ocer, Ocen )
are set to match the volatility of data revisions (0.3,1.7,1.1) in per-
cent annual. (per, pe=, pen) are set to match the persistence of data
revisions (0.7, 0.85, 0.8) Thus, reflecting historical revisions of the
data in the calibrated model, the measurement errors are notably
larger and more persistent for the output gap than for nominal GDP
and inflation.

3. The Policy Evaluation

With the calibrated model, I study the extent to which persistent
measurement errors and a ZLB constraint adversely affect the per-
formance of the two targeting rules and inertial Taylor rule, relative
to the optimal commitment policy. Exploring a range of calibrations
for the supply and demand shocks buffeting the economy, I show
that the ranking of these monetary policy rules depends crucially on
the likelihood of hitting the ZLB constraint.

3.1 Response to Shocks

As the first step in the evaluation of the monetary policy rules,
figures 1 and 2 show the evolution of the economy when hit b
the different types of structural and noise shocks in the modell!?
The first figure displays responses under the optimal commitment

the end of 2015. See section 2.4 of Billi (2017) for further details of the model
calibration and fit to the data.

“The half-lives of the noise shocks log (0.5) /log (per, pez, pen) are equal to
(1.9,4.3,3.1) quarters.

15Shown are expected paths after three-standard-deviation shocks, using the
baseline calibration described in section 2.4. The expected paths are obtained
by averaging across 10,000 stochastic simulations. Regarding the paths shown in
figure 1, both inflation and the output gap are assumed to be mismeasured at
the same time. If instead only inflation or the output gap is mismeasured, the
resulting paths would be of similar shape but smaller size than the ones displayed
in the figure.
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Figure 1. Evolution of the Economy under Optimal
Commitment or Taylor Rule
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Notes: Shown are expected paths after three-standard-deviation shocks, using
the baseline calibration of section 2.4. Values are expressed as percent annual
(pa) or in percentage points (pp), in deviation from steady state.

policy and inertial Taylor rule, whereas the second figure displays
responses under the two targeting rules. In both figures are shown
the responses of inflation, the output gap, and the nominal interest
rate.

Regarding the supply shocks, the top panel of the two figures
shows the response to a positive technology shock, which implies
slack in economic activity and downward pressure on prices. The
outcome, however, depends on the monetary policy rule considered.
With NGDP-level targeting (figure 2, solid line) both the output gap
and inflation fall, whereas under the other three policy frameworks
the economy is generally stabilized. In other words, in contrast to
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Figure 2. Evolution under NGDP-Level Targeting or
Strict Inflation Targeting
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Notes: Shown are expected paths after three-standard-deviation shocks, using
the baseline calibration of section 2.4. Values are expressed as percent annual
(pa) or in percentage points (pp), in deviation from steady state.

the other policy frameworks, NGDP-level targeting fails to insulate
the economy from technology shocks, conditional on no other shocks
buffeting the economy.

The second panel shows the response to a positive markup shock,
which implies upward pressure on prices and creates an inflation-
output tradeoff for monetary policy. Facing such a tradeoff, under
strict inflation targeting (figure 2, dashed line), inflation is com-
pletely stabilized and output falls notably, whereas under the other
three policy frameworks inflation rises and output falls. The reason
is that, in contrast to the other policy frameworks, strict inflation
targeting transfers the burden of markup shocks onto output. The
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other policy frameworks require instead the burden of shocks to be
shared by inflation and output.

Regarding the remaining shocks in the model, the third panel of
the figures shows the response to a negative demand shock, which
exerts downward pressure on output and prices. Given the size of the
shock, under each policy framework, the weakness of the economy
prompts the central bank to cut the nominal interest rate all the way
to the ZLB. During the ZLB episode, both output and inflation fall
to a greater extent under strict inflation targeting, compared with
the other policy frameworks considered. The reason is that, as noted
earlier, strict inflation targeting does not involve any inertia in the
setting of monetary policy.

Finally, the bottom panel of the figures shows the response to a
positive noise shock or measurement error, which implies the central
bank incorrectly assumes there is upward pressure on prices. As a
consequence of such a measurement error, under each policy frame-
work considered, the central bank mistakenly tightens the stance of
monetary policy and therefore causes inflation and output to fall[19

3.2 Economic Performance

The ability of the central bank to stabilize the economy is adversely
affected by persistent measurement errors and a ZLB constraint.
To illustrate, table 1 summarizes the performance of the optimal
commitment policy, in four different cases.

In the first case there is neither measurement error nor ZLB in
the model, in the second there is measurement error only, in the
third instead there is the ZLB only, and in the fourth there are both
measurement error and ZLB. The table reports for each case the
expected frequency and duration of ZLB episodes, as well as the
welfare loss due to business cycles As the table shows, taking into
account either measurement error or the ZLB causes a deterioration
in economic performance, as both inflation and output become more

6 As the real interest rate (not shown) is higher, the stance of monetary policy
is tightened.

'"To calculate the welfare loss, first the value of the objective function (4)
is obtained by averaging across 10,000 stochastic simulations, each 1,000 peri-
ods long after a burn-in period. This value is then converted into a permanent
consumption loss, as explained in section A.3 of the appendix.
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Table 1. Economic Performance under the Optimal
Commitment Policy®

ZLB Episodes Welfare LossP
Freq.€ Duration? T T Tot.

No Measurement 0.0 0.0 0.01 0.02 0.03
Error, No ZLB

Measurement Error 0.0 0.0 0.03 0.03 0.06
Only

ZLB Only 14.5 2.9 0.03 0.05 0.08

Measurement Error 11.3 3.1 0.05 0.06 0.11
and ZLB

2Baseline calibration of section 2.4.

bPermanent consumption loss in percentage points.

“Expected percent of the time at ZLB.

dExpected number of consecutive quarters at ZLB.

variable. However, economic performance is more severely affected
by the ZLB[ME

I now rank the monetary policy rules in terms of performance,
relative to the optimal commitment policy, and also study whether
the ranking depends on the measurement error and ZLB constraint.
Table 2 summarizes the performance of each policy framework, again
in the four cases. Each case is in a separate panel. In the first case,
which is in the absence of measurement error and ZLB in the model,
strict inflation targeting results in a smaller total welfare loss than
NGDP-level targeting. With strict inflation targeting the burden of
shocks is transferred onto output, but under NGDP-level targeting
the shocks affect to a greater extent the volatility of inflation. More-
over, both these targeting rules perform better than the inertial Tay-
lor rule. This ranking of the monetary policy rules is obtained also in
the second case, which is in the presence of only measurement error
in the model. However, because of the measurement error, strict
inflation targeting is no longer able to transfer the entire burden of
shocks onto output.

8 The total welfare loss is 0.06 with measurement error only but rises to 0.08
with the ZLB only (table 1).
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Table 2. Performance of the Monetary Policy Rules?®

Z1LB Episodes

Welfare LossP

Freq.© Duration? ™ T Tot.
No Measurement Error, No ZLB
Commitment 0.0 0.0 0.01 0.02 0.03
NGDP Target 0.0 0.0 0.06 0.01 0.07
Inflation Target 0.0 0.0 0.00 0.05 0.05
Taylor Rule 0.0 0.0 0.21 0.25 0.46
Measurement Error Only
Commitment 0.0 0.0 0.03 0.03 0.06
NGDP Target 0.0 0.0 0.07 0.02 0.09
Inflation Target 0.0 0.0 0.02 0.06 0.08
Taylor Rule 0.0 0.0 0.31 0.27 0.58
ZLB Only

Commitment 14.5 2.9 0.03 0.05 0.08
NGDP Target 6.2 1.7 0.09 0.10 0.19
Inflation Target 11.9 2.3 0.13 0.25 0.38
Taylor Rule 4.5 3.4 0.23 0.29 0.52

Measurement Error and ZLB
Commitment 11.3 3.1 0.05 0.06 0.11
NGDP Target 6.3 1.7 0.11 0.11 0.22
Inflation Target 11.6 2.3 0.15 0.26 0.41
Taylor Rule 3.8 3.4 0.33 0.32 0.65

2Baseline calibration of section 2.4.

bPermanent consumption loss in percentage points.

“Expected percent of the time at ZLB.
dExpected number of consecutive quarters at ZLB.

Turning to the third case, which is in the presence of the ZLB
only, NGDP-level targeting now results in a smaller total welfare loss
than strict inflation targeting. Moreover, due to the ZLB, strict infla-
tion targeting is unable to transfer the entire burden of shocks onto
output. The reason for this change in the ranking among the target-
ing rules is that, as noted earlier, strict inflation targeting does not
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involve any inertia in the setting of monetary policy, whereas under
NGDP-level targeting the current policy decision depends on the
past price level. Nevertheless, both targeting rules still perform bet-
ter than the inertial Taylor rule. This ranking of the monetary policy
rules remains the same when turning to the fourth case, which is in
the presence of both measurement error and ZLB in the model [

In summary, the implications of measurement error and a ZLB
constraint for the ranking of the monetary policy rules are twofold.
On the one hand, taking into account measurement error does not
affect the ranking of the rules considered. On the other hand, taking
into account the ZLB constraint inverts the ranking of the target-
ing rules, as NGDP-level targeting provides inertia in the setting of
monetary policy and therefore outperforms strict inflation targeting
when in the presence of the ZLB constraint.

3.3 Alternate Calibrations

The ranking of the monetary policy rules is affected by the like-
lihood of hitting the ZLB constraint. To illustrate, I modify the
calibration of the supply and demand shocks, in the presence of
both measurement error and ZLB in the model 2

I start by increasing the role of supply shocks, with table 3 sum-
marizing the resulting performance of the policy frameworks. First,
technology shocks are assumed to be substantially larger or more
persistent than in the baseline calibration. However, as a compar-
ison with the bottom panel of table 2 shows, this more prominent
role assigned to technology shocks does not affect the volatility of
the output gap and inflation and therefore leaves the policy ranking
unchanged. In other words, after accounting for measurement error
and ZLB, all four policy frameworks manage to insulate the econ-
omy from these bigger technology shocks. Second, markup shocks

19The result that with the baseline calibration of the model the two targeting
rules perform better than the inertial Taylor rule should not be viewed as an
argument against the use of simple policy rules, as this ranking depends on the
calibration of the Taylor rule. For an illustration of this point, see section A.4 of
the appendix.

2In tables 3 and 4, each type of structural shock is modified, either raising
its standard deviation by 25 percent or increasing its persistence from 0.8 to 0.9,
relative to the baseline calibration. Also shown in table 4, r is lowered from 3 to
2 percent annual, with 3 raised accordingly from 0.993 to 0.995.
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Table 3. Performance of the Rules, Alternate
Calibrations?®

ZLB Episodes Welfare LossP
Freq.© Durationd T x Tot.
Larger Technology Shocks (oyn = 1)
Commitment 11.1 3.1 0.05 0.06 0.11
NGDP Target 6.0 1.7 0.11 0.11 0.22
Inflation Target 114 2.3 0.15 0.26 0.41
Taylor Rule 3.7 3.3 0.33 0.32 0.65
More Persistent Technology Shocks (py» = 0.9)
Commitment 114 3.0 0.05 0.06 0.11
NGDP Target 5.9 1.7 0.11 0.11 0.22
Inflation Target 12.4 24 0.15 0.26 0.41
Taylor Rule 3.8 3.4 0.33 0.32 0.65
Larger Markup Shocks (o, = 0.0625)
Commitment 11.3 3.1 0.06 0.07 0.13
NGDP Target 6.1 1.7 0.13 0.11 0.24
Inflation Target 11.2 2.3 0.16 0.29 0.45
Taylor Rule 3.7 3.3 0.39 0.33 0.72
More Persistent Markup Shocks (p, = 0.9)

Commitment 11.2 3.1 0.05 0.07 0.12
NGDP Target 5.6 1.7 0.12 0.12 0.24
Inflation Target 12.8 24 0.15 0.26 0.41
Taylor Rule 4.6 3.6 0.40 0.34 0.74

2With measurement error and ZLB in the model.
bPermanent consumption loss in percentage points.
“Expected percent of the time at ZLB.

dExpected number of consecutive quarters at ZLB.

are assumed to be substantially larger or more persistent than in
the baseline calibration. This more prominent role given to markup
shocks generally leads to higher volatility of the output gap and

inflation, but the policy ranking is still unchanged.
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Table 4. Alternate Calibrations?®

ZLB Episodes Welfare LossP

Freq.© Durationd T x Tot.

Larger Demand Shocks (o, = 1)
Commitment 17.9 3.8 0.10 0.10 0.20
NGDP Target 10.0 2.0 0.16 0.25 0.41
Inflation Target 16.5 2.7 0.52 0.71 1.23
Taylor Rule 7.6 3.9 0.42 0.55 0.97

More Persistent Demand Shocks (p, = 0.9)
Commitment 13.2 5.4 0.10 0.06 0.16
NGDP Target 6.4 2.4 0.18 0.21 0.39
Inflation Target 12.1 3.5 5.03 3.60 8.63
Taylor Rule 5.7 3.7 0.37 0.42 0.79
Lower Steady-State Interest Rate (r =0.5)

Commitment 19.7 4.1 0.10 0.09 0.19
NGDP Target 10.6 2.0 0.16 0.24 0.40
Inflation Target 19.2 2.9 0.66 0.80 1.46
Taylor Rule 10.4 4.3 0.38 0.42 0.80
2With measurement error and ZLB in the model.
bPermanent consumption loss in percentage points.
“Expected percent of the time at ZLB.
dExpected number of consecutive quarters at ZLB.

Next, I assign instead a more prominent role to demand shocks,
with table 4 summarizing the resulting performance of the policy
frameworks. First, demand shocks are assumed to be substantially
larger or more persistent than in the baseline calibration. As a
comparison with the bottom panel of table 2 shows, under each
policy framework, inflation and output generally become more vari-
able. But this deterioration in economic performance is substantially
larger under strict inflation targeting, compared with the other pol-
icy frameworks. The reason is that, as noted earlier, strict inflation
targeting does not involve any inertia in the setting of monetary
policy. As a result, strict inflation targeting now results in a larger
total welfare loss than the other policy rules. Finally, the steady-state
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interest rate is substantially lower than in the baseline calibration,
which implies that monetary policy is more severely constrained by
the ZLB. Again strict inflation targeting is outperformed by the
other policy rules.

In summary, these changes to the calibration imply the following
for the ranking of the monetary policy rules. Even if the economy
is hit by supply shocks that are substantially larger or more per-
sistent than in the baseline calibration, the policy ranking is not
affected. But if the role of demand shocks is more prominent than
in the baseline calibration, and therefore monetary policy is more
severely constrained by the ZLB, then strict inflation targeting is
outperformed by the other policy rules considered in this analysis.

4. Concluding Remarks

Policymakers often use the output gap to guide monetary policy,
even though inflation and nominal GDP are measured more accu-
rately in real time than the output gap. Employing a small New Key-
nesian model, which offers a clear illustration of the tradeoffs faced
by a central bank during ZLB episodes, this article compares the
performance of monetary policy rules that are robust to persistent
errors in the measurement of economic conditions.

The analysis shows that, in the absence of the ZLB, the central
bank should focus on stabilizing inflation rather than nominal GDP.
But when the ZLB is present, a policy that seeks to stabilize the level
of nominal GDP improves substantially the tradeoffs faced by the
central bank. Still, the analysis is conducted in a stylized model that
does not include an explicit role for balance sheet policies, nor mon-
etary policies based on monetary aggregates that have the potential
to circumvent the ZLB constraint. See Belongia and Ireland (2017)
for a discussion. It would be interesting to extend the analysis to
include such features in future research.

Appendix

This appendix is organized in four sections. Section A.l derives
the equilibrium conditions of the model. Section A.2 describes the
numerical procedure used to solve the model. Section A.3 explains
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the calculation of the permanent consumption loss. Section A.4 pro-
vides additional results about the evaluation of the inertial Taylor
rule relative to the baseline calibration of the model.

A.1 Equilibrium Conditions

I first derive the equilibrium conditions and then summarize them
in a table.
Optimal Commitment Policy. The problem can be written as

V (s¢) = min |(m 4 €])° + A (ye — y + €7)° + BEV (s141)
subject to (1), (3) and i; > 0.
Write the period Lagrangian:
Li=(m+el)? + Xy — vy + ) + BEV (s141)
+mag[me— K (ye — y') — we] — ma—ame
+maoe [ye + @ (i — 17— v)] — B mae— (e + ome) -
The Kuhn-Tucker conditions are
0=0L/0m =2(my + €] ) +my —mip—1 — B omar_1 (A1)
0=0L/0ys =2\ (yr — y;' + €f) — kmay + moy — B mg_1 (A.2)
0=0Ly/Diy -1y = omay - iy, ma >0, 4z > 0. (A.3)

The equilibrium conditions are summarized in table A.1.

A.2 Numerical Procedure

I find a numerical solution, as in Billi (2011a, 2017), as a fixed
point in the equilibrium conditions. To do so, the state vector is
discretized into a grid of interpolation nodes, with a support of +4
standard deviations for each state variable, which is large enough
to avoid erroneous extrapolation. If the state is not on this grid,
the response function is evaluated with multilinear interpolation.
The approximation residuals are evaluated at a finer grid, to ensure
the accuracy of the results. The expectations function is evaluated
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Table A.1. Summary of Equilibrium Conditions

Equilibrium
Policy Conditions State Vector s;
Optimal (1), (3), and (A.1)—(A.3) | (yi,us, ve, ef, ef, Mit—1, Mat—1)
Commitment
Inertial Taylor (1), (3), and (5) (ys*, ue, ve, ef  €F, i 1)
Rule
Strict Inflation (1), (3), and (6) (yr', ue, ve, €7 )
Target
NGDP-Level (1)—-(3) and (7) (y', ue, ve, €F , pe—1)
Target

with Gaussian-Hermite quadrature. The initial guess is the linearized
solution that ignores the ZLB constraint. This numerical procedure
is coded in MATLAB. Replication files are available from the author
upon request.

A.8 Permanent Consumption Loss

I obtain the permanent consumption loss as in Billi (2011a, 2017).
The expected lifetime utility of the representative household is
validly approximated by

= _U.C b (1+wh)
D (e T (e (A4

where C' is steady-state consumption; U, > 0 is steady-state mar-
ginal utility of consumption; and L > 0 is the value of objective
function (4).

At the same time, a steady-state consumption loss of y > 0
causes a utility loss of

o] o 1 o
Ey» B'UCp= mUccu. (A.5)
t=0

Equating the right sides of (A.4) and (A.5) gives

_1-8 af(l+wh)
2 (I-a)(l-ap)
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Table A.2. Performance of Inertial Taylor Rule

ZLB Episodes Welfare Loss®
Do O Freq.b Duration® T T Tot.
0.250 1.5 3.8 34 0.33 0.32 0.65
0.125 1.5 2.6 3.1 0.40 0.53 0.93
0.250 5.0 5.7 3.6 0.14 0.24 0.38

2Permanent consumption loss in percentage points.
bExpected percent of the time at ZLB.
“Expected number of consecutive quarters at ZLB.

A.4 Evaluation of the Taylor Rule

With measurement error and ZLB in the model, table A.2 shows
the performance of the inertial Taylor rule (5) for alternate values
of its response coefficients compared with the baseline calibration of
the model. The first line is the model outcome using the baseline
calibration (that is, the same outcome as in the bottom panel of
table 2).

This table illustrates two results about the response coefficients.
First, a weaker response to the observed output gap than in the base-
line causes a deterioration in economic performance, as inflation and
output become more variable. The reason is that the weaker response
to the output gap worsens the inflation-output tradeoff faced by the
central bank. If ¢, is lowered from 0.25 to 0.125, the total welfare
loss under the inertial Taylor rule increases from 0.65 to 0.93. Thus,
even though the output gap is subject to large and persistent revi-
sions, it is desirable for monetary policy to respond to a certain
extent to the output gap.

Second, as the table also shows, a stronger response to observed
inflation results in an improvement in economic performance. The
inertial Taylor rule can even outperform strict inflation targeting but
still performs worse than NGDP-level targeting. If ¢, is raised from
1.5 to 5, the total welfare loss under the inertial Taylor rule falls from
0.65 to 0.38. Instead under the targeting rules, the total welfare loss
is 0.41 with strict inflation targeting but only 0.22 with NGDP-level
targeting (bottom panel of table 2). Values of ¢, above 5 are not
considered because they are typically viewed as impractically high.
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a policy of increasing transparency with respect to goals, strate-
gies, and the basis on which decisions are made. This develop-
ment is closely linked to increased central bank independence (CBI),
which calls for a counterbalance in the form of transparency and
accountability. Economic benefits are deemed another key reason
for enhanced transparency. As summarized by Freedman and Laxton
(2009), it is generally believed in the central banking community that
providing more information about monetary policy may increase
its effectiveness. This view is based on theoretical and empirical
research that emphasizes the importance of expectations about mon-
etary policy as a key element in determining interest rates and other
asset prices. By bringing market behavior in line with monetary
policy objectives, the likelihood of sharply differing views on policy
actions is reduced. In turn, more certainty about when the central
bank will set the policy rate and its magnitude can reduce the volatil-
ity of market interest rates, increase the central bank’s leverage over
longer-term interest rates, and smoothen the incorporation of policy
actions into asset prices. Similarly, Blinder (2007) argues that the
major purpose of communicating with the markets is to condition
expectations about future monetary policy.

To transmit the views of the central bank to the public and to
markets, an improvement in the effectiveness of monetary policy
through greater transparency requires proactive and well-planned
communication. Hence, a great deal of attention has been paid to the
way central banks present their key messages (for instance, Blinder
et al. 2008 and Haldane 2017). It is expected that central banks
will communicate more actively after than before the crisis (Blinder
et al. 2017).

Parallel to the shifts in the practice of central banking toward
more frequent communication and greater transparency, an expand-
ing body of literature has emerged. In theory, both positive and
negative effects are likely. Empirical work has been focused on infla-
tion, financial markets, or private forecasts. A general finding is that
transparency and communication reduce volatility in financial mar-
kets, enhance the predictability of upcoming rate decisions, and help
achieve the monetary policy goals, vindicating the switch to greater
openness in central banking.

1Survey forecasts are an approximation for expectations in an economy.
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Our paper contributes specifically to the empirical relation
between transparency, communication, central bank design, and pri-
vate forecasts. In a broader context, we provide empirical results for
the theoretical literature on the social value of information (see, for
instance, Morris and Shin 2002, Hellwig and Veldkamp 2009, and
Lorenzoni 2010).

We run panel regressions to examine whether increased trans-
parency and intensified communication by central banks affect the
quality and the cross-sectional distribution of forecasts. The ques-
tion posed is closest to those of Middeldorp (2011), Dovern, Fritsche,
and Slacalek (2012), Ehrmann, Eijffinger, and Fratzscher (2012),
Neuenkirch (2013), and Naszodi et al. (2016). However, we extend
the analysis along various important dimensions and provide com-
pelling evidence that is in contrast with the literature.

First, while in previous work transparency and communication
have not been defined specifically, our data set allows us to make
a clear distinction between the two dimensions 3 Transparency cov-
ers broadly the strategic, long-term orientation of the central bank
toward openness which is subject to only a few changes over time,
such as policy objectives, the publication of forecasts, voting records,
etc. Communication, on the other hand, focuses on the tactical,
flexible aspects in the provision of more detailed and fine-tuned
information to the public and the markets.

2For instance, Faust and Svensson (2001) equate central bank transparency
with the ease with which the public can deduce central bank goals and intentions
from observable data. In Amato, Morris, and Shin (2002) greater transparency is
achieved by expanding the modes of communication and the amount of informa-
tion revealed to the public. Winkler (2002) emphasizes that transparency needs
to be better defined before it can be debated. More information divulged by the
central bank does not necessarily imply a greater understanding on the part of the
public, part of his definition of transparency. In Chortareas, Stasavage, and Sterne
(2002) transparency relates to the detail in which central banks publish economic
forecasts. Blinder et al. (2008) define central bank communication more broadly
as the provision of information to the public regarding the objectives of monetary
policy, the monetary policy strategy, the economic outlook, and the outlook for
future policy decisions. Ehrmann, Eijffinger, and Fratzscher (2012) draw a dis-
tinction between central bank transparency and communication. Transparency
is measured by the announcement of a quantified inflation objective, the overall
index provided by Dincer and Eichengreen (2010) as well as the subindex related
to economic transparency. The last measure for transparency is the publication
of internal forecasts, which they label central bank communication.
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Second, we are the first to document an increase in the number of
speeches held by central banks over time using the Bank for Interna-
tional Settlements (BIS) central bankers’ speeches database. Based
on it we compiled a new measure of central bank communication. It
measures communication directly and comprehensively by the num-
ber of speeches. The number of speeches allows us to question the
benefits of intensive central bank communication.

Third, we highlight an econometric issue in the estimation
method that does not seem to have been recognized in the litera-
ture, and we offer an accurate alternative. The issue is that residuals
follow a pattern when the dependent variable (either absolute cross-
sectional mean forecast error or cross-sectional standard deviation)
is not taken in log. There is a clear-cut lower bound to the value
residuals assumed in the setting without log.

Fourth, we create an exceptionally large panel of 73 countries
from all world regions and observations from 1998 to 2014 for finan-
cial and macroeconomic data. The question is whether there is a
one-size-fits-all policy for central bank communication and trans-
parency. Unlike previous studies, which have in common a limited
number of advanced economies (at most around 30) and relatively
short periods of observations and forecast variables, the data set we
compiled allows us to widen the scope of the inquiry in terms of the
number of countries, their heterogeneity, the period of investigation,
and the variables to be forecasted.

Finally, our data set also allows us to account for several impor-
tant economic events, such as the Great Moderation, the financial
crisis, and the global recession, as well as the substantial modifica-
tions to central bank practices in their wake—in particular, forward
guidance. We also analyze the effect of inflation targeting.

Overall, the evidence presented in this paper suggests a more
balanced conclusion about the merits of communication and trans-
parency in enhancing the predictability of monetary policy than has
been reported in the literature.

First, the evidence for communication is uniform and quite com-
pelling: more-frequent communication increases both forecast errors
and their dispersion. The increased central bank communication
seems to have resulted in cacophony and did not help investors
and academics improve their macroeconomic forecasts. We link this
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result with the discussion about optimal monetary policy commit-
tees’ size and form.

Second, while more-frequent communication increases both fore-
cast errors and their dispersion, we find hardly any evidence, in con-
trast to previous papers, that transparency, defined as the strategic
component of a central bank’s openness, improves the accuracy of
private forecasts. At best, the impact is ambiguous. However, if it is
significant, transparency tends to reduce the forecast heterogeneity
especially of inflation and interest rates.

However, it is important to distinguish the pre-crisis from the
post-crisis period. In fact, before the financial crisis, more intense
communication lowered the errors in inflation and short-term inter-
est rate forecasts. After the crisis, we find strong evidence that
more communication increased the errors in forecasts of inflation
and short-term interest rate forecasts and also increased the disper-
sion of real GDP and long-term interest rate forecasts. Increased
transparency had a beneficial effect on the accuracy and dispersion
of forecasts before the crisis, but this effect notably weakened after
the crisis.

Third, additional analysis provides information about other fac-
tors that have an effect on the precision and distribution of forecasts.
(i) Central bank instability is associated with less-accurate current-
year forecasts of inflation and short-term interest rates 12 months
ahead. (ii) Market uncertainty increases strongly forecast disper-
sion across all financial and macroeconomic variables. (iii) The zero-
lower-bound constraint tends to reduce forecast errors of short-term
interest rates, but has no effect on long-term interest rate forecasts.
(iv) An inflation-targeting regime has some interesting implications
for forecast precision and homogeneity. While more communication
by inflation targeters improves the accuracy of short-term interest
rate forecasts, greater transparency of inflation targeters not only
worsens forecasts’ accuracy but also tends to offset an otherwise
positive effect on the heterogeneity of inflation and interest rate
forecasts. (v) The next set of results is related to explicit forward
guidance, as adopted by some central banks in the follow-up to the
financial crisis. The results show particularly that more speeches
gave rise to less-accurate long-term interest rate forecasts.

Fourth, we add to the robustness of the evidence by confirming
it across a variety of additional analyses.
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A caveat is in order. Whether more or less communication or
whether the degree of transparency should be increased or low-
ered cannot be definitely answered in our framework. Our paper
only studies the effect of communication and transparency on fore-
cast accuracy and dispersion. Although the effect of communica-
tion and transparency on this dimension is important, there may be
many other beneficial (or harmful) effects of giving public speeches
or being transparent on, for instance, accountability, the public’s
understanding of monetary policy, and trust in the central bank.

The rest of the paper is structured as follows. In section 2, we
review the related literature. Section 3 describes the data underly-
ing the empirical analysis. In section 4, we explain our estimation
strategy and present the results. Section 5 offers a series of robust-
ness checks. Section 6 discusses possible policy implications. Section
7 concludes.

2. Literature

There exists a large body of literature on the effects of central bank
transparency, communication, and optimal central bank designE‘
The empirical evidence suggests overall beneficial effects. One branch
of literature analyzes the effect of transparency on the predictability
of monetary policy in the financial markets. A number of studies
suggest that increased monetary policy transparency may have con-
tributed to an increased ability of financial markets to forecast future
monetary policy actions. Most of this research has used information
from the Treasury bill markets as well as the markets for federal
funds and Eurodollar futures, and it focuses on a relatively short-run
horizon, from one day out to six months.

Three approaches have been pursued. One approach investigates
the reaction of market prices to central bank decisions. Little reac-
tion means the decision has been priced in correctly, suggesting
high predictability. Evidence has been reported on this topic (see,
for instance, Ranaldo and Rossi 2010 and Wilhelmsen and Zaghini

3See Van Der Cruijsen, Eijffinger, and Hoogduin (2010) for an overview of
the transparency literature, Blinder et al. (2008) for a survey on communication,
Geraats (2006) for an overview of the practice of monetary policy transparency,
and Blinder (2004) for central bank design.
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2011). The second approach is based on the accuracy of expectations
priced into the yield curve or futures. Here, too, findings suggest that
transparency leads to improved predictability (for instance, Kuttner
2001 and Lange, Sack, and Whitesell 2003). The third approach
examines forecasts and/or the determinants of disagreement among
forecasters. Swanson (2006) finds that with the increased trans-
parency of the Federal Reserve, the private-sector forecasts of inter-
est rates have become more precise, both by improving the average
quality of forecasts and by reducing their dispersion across forecast-
ers. In line with this, Sellon (2008) finds that more-explicit guidance
on interest rates led to an improvement in private-sector forecasts.

The evidence stretches beyond the United States. Middeldorp
(2011) analyzes the connection between the transparency and pre-
dictability of short-term interest rates for 24 countries between 1998
and 2005. Higher transparency lowers the errors private agents make
in forecasting short-term interest at the three-month horizon, and
it lowers the standard deviation. Dovern, Fritsche, and Slacalek
(2012) investigate determinants of disagreement in expectations of
seven key economic indicators in the G-7 countries from 1989 to
2006. In line with the literature (Mankiw, Reis, and Wolfers 2003),
the measure of cross-sectional dispersion is the interquartile range
of forecasts in a given country and month. While disagreement
about economic activity intensifies strongly during recessions, dis-
agreement about prices is considerably lower under independence
of the central bankH Based also on the interquartile range of fore-
casts, Ehrmann, Eijffinger, and Fratzscher (2012) examine whether
transparency and communication have led to more-aligned views in
the forecasts of macroeconomic variables in 12 advanced economies
from 1990 to 2008. While transparency and communication reduce
dispersion among professional forecasts, there is some evidence of
diminishing marginal effects of increases in (economic) transparency.
Naszodi et al. (2016) expand the analysis of Ehrmann, Eijffinger,
and Fratzscher (2012) by enlarging the panel to 26 countries and
by assessing both the degree of forecasting disagreement and its
accuracy. Their results suggest that transparency results in better
forecasts by mitigating uncertainty.

“Mankiw, Reis, and Wolfers (2003) show that a sticky-information model can
generate a degree of disagreement among agents.
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To sum up, the empirical literature provides support for the view
that transparency is beneficial in the sense that survey forecasts are
more aligned with each other and forecast errors decline. The evi-
dence corroborates the general view that enhancing transparency
improves the predictability of central banks.

Theoretical papers reach more a nuanced conclusion. On the one
hand, more openness may reduce uncertainty about central banks’
intentions and their future actions. On the other hand, by attempt-
ing to be as open as possible, they may give the impression that
they know more than they do. This is a critical issue if transparency
and communication serve as a coordination device among economic
agents, thereby generating the possibility that agents rely too much
on the utterances of central banks. This is what Morris and Shin
(2002) argue can happen. Svensson (2006) disagrees with some of
their conclusions. Subsequent research could not settle the matter[d

Restricting transparency could be worth considering for other
reasons. For instance, the seminal paper by Cukierman and Meltzer
(1986) argued that ambiguity enables monetary authorities to gen-
erate surprise inflation and stimulate economic activity. King (2000)
notes that a central bank should be highly transparent about its
monetary policy reaction function and its target. Beyond that, it
should avoid creating news itself. Too much transparency may be
prone to misinterpretation and will translate into less-accurate pre-
dictions, as the amount of information that can be digested effec-
tively is limited (Kahneman 2003).

3. Data

In this section, we describe the comprehensive database we set up for
the panel regressions reported in the next section. We first describe
the dependent variables and then the independent variables. The
observations are for a maximum of 73 countries from 1998 to (due
to a data constraint) 2014, summing up to 17 years of 204 monthly
observations per country and forecast variable. The panel exhibits
missing values (unbalanced panel). For a full, detailed account of

°In another paper (Lustenberger and Rossi 2017b), we test the model by
Morris and Shin (2002) on short-term and long-term interest rate forecasts.
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the variables, we refer to the working paper version of this study
(Lustenberger and Rossi 2017a).

3.1 Dependent Variables

The dependent variables are the absolute cross-sectional mean errors
and the cross-sectional standard deviations of forecasts made by pro-
fessional forecasters in predicting two financial variables, namely,
short-term and long-term interest rates, and two macroeconomic
variables, namely, consumer price index (CPI) inflation and the
growth rates of real gross domestic product (GDP). All data are
monthly from Consensus Economics. Consensus Economics groups
countries in four geographic regions: Asia-Pacific (AP), Eastern
Europe (EE), Latin America (LA), and “Western countries” (WE)
(North America, Western Europe, Israel, Egypt, Nigeria, Saudi Ara-
bia, and South Africa).

Each month, the survey participants for a particular country
report their forecasts of short-term interest rates for 3 and 12 months
ahead. They also report their view on long-term interest rates, i.e.,
the yields on their country’s 10-year government debt, also 3 and
12 months ahead. Forecasts for CPI inflation and the growth rate
of real GDP are also reported on a monthly basis but refer to the
end of the current and the following year. Forecasts are provided by
nongovernmental entities (independent or research institutes affili-
ated with universities) and economic consulting firms. The major-
ity are financial institutions, varying from domestic and regional
commercial banks to global investment banks.

We compare forecasts with realized short-term and long-term
interest rates, as well as end-of-year consumer price indexes (where
CPI was not available, we chose the GDP deflator) and growth
in real GDP. The data are from Reuters Eikon, Bloomberg, IMF
International Financial Statistics, and the World Bank database.

3.2 Independent Variables

All independent variables are observed at a time when the fore-
casts are published by Consensus Economics (on that day or the day
before). We call this point in time the “forecast formation date.”
Speeches. We construct a new explicit measure of communica-
tion consisting of central bank speeches. To this end, we compiled a
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variable made up of central bank speeches as collected by the Bank
for International Settlements. For each central bank reporting their
speeches to the BIS, we counted the number given in the month
preceding the forecast.

Table 1 exhibits the total number of speeches per country and
their monthly average divided by four geographic areas. As can be
seen, most speeches are given by central banks in “Western coun-
tries” (WE), above all by the Federal Reserve (1,386) and Japan
(453). Indian central bankers, grouped with the Asia-Pacific coun-
tries (AP), delivered the second-highest number of speeches (648).
Figure 1 illustrates how communication activities by central banks
have intensified over time. The number of speeches has steadily
increased from approximately 150 in 1998 to nearly 900 in 2013
and 2014. Importantly, this reflects not only more communication
activities but also a higher number of central banks reporting their
speeches to the BIS since 2000 (“New Central Banks”). These are
shown by the light gray columns (light blue in online version).

There is no potential endogeneity problem associated with our
communication measure. Central bank speeches are announced
months in advance. Therefore, the number of speeches is fixed, mak-
ing our communication proxy a well-defined exogenous variable. We
cannot exclude that some of the speeches were the result of unex-
pected events that the central bank considered important enough to
justify intervention. However, for the bulk of the speeches, this is
very unlikely. While the number of speeches is fixed, their content
may take the economic situation into account. Hence, content analy-
sis would raise problems of endogeneity. For this reason, we use the
number of speeches as our communication variable and refrain from
content analysis.

Transparency. We employ the most comprehensive measure
of central bank transparency in terms of country and time cover-
age based on an extension of the multiple-dimensional transparency
index of Eijffinger and Geraats (2006) presented by Dincer and
Eichengreen (2014). The index includes five dimensions: political
transparency, economic transparency, procedural transparency, pol-
icy transparency, and operational transparency. Each dimension cov-
ers three questions—for instance, Does the central bank have an
explicit objective? Does the central bank disclose macroeconomic
models? Does the central bank publish voting records of their board
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Figure 1. Total Speeches per Year
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Notes: Figure 1 displays the number of speeches given by representatives of cen-
tral banks per year in the countries included in our sample. The basic central
bank sample includes USA, JPN, DEU, FRA, GBR, ITA, CAN, NLD, NOR,
ESP, SWE, CHE, AUT, BEL, GRC, ZAF, AUS, CHN, HKG, IND, IDN, MYS,
NZL, SGP, KOR, TUR, LVA, BRA, and the ECB. For these central banks, there
is at least one speech in 1998, in 1999, or in both.

members? The index has annual observations from 1998 to 2010
for 120 central banks[ A score for each central bank between 0
(minimum transparency) and 15 (maximum transparency) can be
obtained. We measure transparency by the updated values of Din-
cer and Eichengreen, which extends the observations reported in
Dincer and Eichengreen (2014) by four more years, until 2014.
Politico-Institutional Framework of Central Bank Inde-
pendence. We capture the politico-institutional framework at cen-
tral banks with the actual turnover of the central bank’s governor in
a year, as described by Dreher, Sturm, and de Haan (2010). What
does the turnover rate stand for in our setup? The literature on cen-
tral bank independence uses this variable as an indicator for central

As documented by Dincer and Eichengreen (2014), central banks in countries
with higher per capita income, deeper financial markets, more-open economies,
and stronger political institutions are more likely to be more transparent than
others.
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bank independence, but on average over time. If a central bank has
more governors in a given period, it is presumably less indepen-
dent. In our application, the interpretation is different. The variable
is equal to one when the central bank governor changes. Accord-
ingly, uncertainty about future central bank behavior might easily
be greater, leading to more inaccurate and dispersed forecasts. How-
ever, this is an effect of uncertainty about the person and is unrelated
to the independence of the central bank. If anything, the personality
of the governor should be more important in an independent central
bank. This implies that in such a central bank, forecast dispersion is
more likely than in a central bank where the governor changes but
is known to take instructions from the government

Uncertainty Measures. We use the Chicago Board Options
Exchange Volatility Index (VIX) as an uncertainty measure. The
VIX is observed the day before forecasts are made. Broadly speak-
ing, the VIX may also account for the business (interest rate) cycle,
which is typically neglected in the related literature.

ZLB Dummy. We created a dummy variable for the period
during which the zero lower bound (ZLB) on nominal interest rates
was binding. We set the binding constraint at an interest rate level
below 0.5 percent. It is only employed in the regressions of interest
rate forecasts.

IT Dummy. We created a dummy that is equal to one if a cen-
tral bank pursues an inflation targeting policy, and zero otherwise.

FG Dummy. We also accounted for central banks pursuing a
forward guidance policy. We created a dummy that is equal to one
during a period when forward guidance was pursued, and zero oth-
erwise. We set the dummy based on Charbonneau and Rennison
(2015). Accordingly, the following central banks made use of for-
ward guidance: Japan from April 1999 to July 2000 and from Octo-
ber 2010 to March 2013, the United States from December 2008 to
December 2014 (end of our sample period), Canada from April 2009
to April 2010, Sweden from April 2009 to July 2010 and February
2013 to December 2014, the European Central Bank from July 2013
to December 2014, and GBR from August 2013 to December 2014.
All euro-area countries are equated with the European Central Bank

"We thank an anonymous referee for pointing this out to us.
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Table 2. Summary Statistics for Forecast Errors (FE),
Cross-Sectional Standard Deviation of Forecasts (Std.),
Central Bank Transparency, Speeches, and Additional

Variables
Variable Mean Std. Dev. Min Max. N
Short-Term Interest Rate (Abs. FE) 1.093 2.536 0 67.293 11,690
Long-Term Interest Rate (Abs. FE) 0.652 0.591 0 8.467 7,158
Inflation (Abs. FE, Current Year) 1.099 3.641 0 158.379 12,307
Inflation (Abs. FE, Next Year) 2.214 5.871 0 236.979 12,286
Growth (Abs. FE, Current Year) 1.3 1.394 0 12.557 11,773
Growth (Abs. FE, Next Year) 2.14 2.468 0.001 24.112 11,686
Short-Term Interest Rate (Std.) 0.52 1.281 0 41.598 11,806
Long-Term Interest Rate (Std.) 0.379 0.657 0 15.909 7,718
Inflation (Std., Current Year) 0.572 1.719 0.019 80.525 7,459
Inflation (Std., Next Year) 0.839 2.334 0 108.383 7,447
Growth (Std., Current Year) 0.453 0.391 0.026 8.653 7,459
Growth (Std., Next Year) 0.594 0.41 0.054 7.722 7,447
Central Bank Transparency
Overall 7.7 3.29 0 15 24,593
“Western Countries” (WE) 9.4 2.97 1 15 9,456
Asia-Pacific (AP) 6.7 3.27 0 14 5,757
Eastern Europe (EE) 7.2 3.07 1 14.5 6,376
Latin America (LA) 5.9 2.14 1 9 3,004
Speech 3.51 7.374 0 50 24,593
Turnover 0.16 0.37 0 3 24,593
VIX 21.33 9.21 10.02 70.33 24,593
Inflation Targeting 0.32 0.466 0 1 24,593
Forward Guidance 0.04 0.195 0 1 24,593
Notes: The table provides summary statistics for absolute cross-sectional mean forecast errors
(Abs. FE) and cross-sectional standard deviations (Std.) for the two financial variables (short-
term and long-term interest rates) and the two macroeconomic variables (inflation and growth,
with current-year forecasts and next-year forecasts). The table also exhibits the variation in cen-
tral bank transparency in the four subsets of geographic regions (“Western,” Asia-Pacific, Eastern
European, and Latin American countries). Speech is the number of speeches held by central banks
per month. Turnover measures replacement of central bank governors. VIX is the Chicago Board
Options Exchange Volatility Index. Inflation Targeting is a dummy for inflation-targeting policy,
and Forward Guidance is a dummy for forward guidance as policy instrument.

(ECB) forward-guidance dummy for the corresponding months. LVA
is given a value of 1 from January 2014 after joining the currency

union.

Table 2 offers summary statistics for the variables of the bench-
mark regressions. In the first set, we report the statistics for the
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absolute forecast errors of the four dependent variables. The absolute
cross-sectional mean forecast errors range from zero to a maximum
of 237 percent for inflation forecasts. In the second set, we present
the corresponding cross-sectional standard deviations, which range
from a minimum of zero to a maximum of 108. The third set yields
the details of the transparency index. It covers the whole (theoreti-
cal) range from zero to 15. In addition to the overall values, we report
the values for each of the four geographic areas. The fourth set con-
tains summaries of the other independent variables. The number of
speeches (our communication variable) has a mean of 3.5 per month
and a maximum of 50. For annual values of turnover of central bank
governors, the minimum is zero and the maximum reaches 3. The
VIX ranges from a minimum value of 10 to a maximum of 70, with an
average of 21. In 11 percent of the total number of observations, the
zero lower bound was effective. About 30 percent of our observations
are in countries with inflation-targeting policies. Around 4 percent
of observations coincide with forward-guidance periods.

4. Results

This section is divided into eight subsections. In subsection 4.1, we
describe our benchmark model and compare it with previous papers.
In subsection 4.2, we elaborate on our benchmark regression results,
and in subsection 4.3 we highlight differences to the previous litera-
ture. Subsection 4.4 examines the impact of the level of transparency.
Subsection 4.5 deals with the outcome from an inflation-targeting
regime. Subsection 4.6 discusses the effects of forward guidance, sub-
section 4.7 analyzes regional effects, and subsection 4.8 compares
the results since the financial crisis with those obtained before the
crisis.

4.1 Benchmark Model

We begin with an explanation of our basic fixed-effects regression
model. It is given by

Yint = a+v;+Bsp-Speech, , + frr - Transp., ; + Bro - Turnover; ;
+Bvix - VIXy + By - Hp +Br - Ty + Bz - ZLB; ¢ + €i n s
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where 7 is the country, h is the forecast horizon, and ¢ is a monthly
time index.

Our left-hand-side variable Y; ;¢ is either the logarithm of the
absolute cross-sectional mean forecast error (log[|FE;|]) or the
logarithm of the cross-sectional standard deviation of forecasts
(log [0i,1,¢]) provided by Consensus Economics. Our forecast vari-
ables are short-term interest rates, long-term interest rates, the per-
cent change per annum of the CPI, and the growth rate of real
GDPH

On the right-hand side, « is the intercept, and v; is the fixed
effect for country 7. Speech; ; captures the number of speeches held
by central bank representatives of country i between t — 1 and t.
Transp.; ; denotes central bank transparency. Turnover; ; stands for
the number of central bank governor turnovers, and VIX; represents
the volatility index. Hp, is a horizon fixed effect for the forecast hori-
zon, only used for CPI inflation and real GDP growth forecasts, T,
is a yearly fixed effect to capture a possible time trend, and ZLB; ;
is a dummy for the zero lower bound (only used for short-term and
long-term interest rates).

No potential endogeneity arises. All right-hand-side variables are
taken at the point in time when a forecast is formed (or the day
before). For instance, for the U.S. CPI inflation forecast formed on
June 11, 2012 for the end-of-year CPI inflation, all right-hand-side
variables are measured on June 11, 2012 (or June 10, 2012). For
the number of speeches in June 2012, we counted all speeches held
between May 15, 2012 (because the forecast day in the previous
month was May 14, 2012) and June 11, 2012. As we described in sub-
section 3.2, speeches are announced months in advance, making our
communication proxy a well-defined exogenous variable. The VIX
is taken with its value on June 10, 2012 (the day before the fore-
cast is formed). Hence, while higher uncertainty about stock prices
on June 10, 2012 makes forecasts formed on June 11 more uncer-
tain, a reverse effect is not possible. For this reason we do not treat
survey dispersion as a measure of uncertainty as is commonly done
in the literature. Turnover and transparency are also well-defined
exogenous variables. It is highly unlikely that a major change in the

8Estimates for consumption growth and industrial production growth are
available upon request.



170 International Journal of Central Banking March 2020

management of the central bank, a turnover, materializes because of
forecasters’ performance. For transparency, it is impossible that one
single, even extreme, forecast error realized in December 2012 moti-
vates a central bank to change its transparency and communication
policy in June 2012 (before the forecast error is observed).

Compared with previous research, we introduce three important
new variables: the number of speeches, the turnover of the cen-
tral bank’s governor, and the zero-lower-bound constraint. These
three variables extend the empirical literature on central bank trans-
parency along three dimensions. They allow us to (i) make a clear
distinction between transparency and communication; (ii) account
for potential implications that uncertainty in a central bank’s man-
agement can have on forecasts; and (iii) consider special constraints
on monetary policy which arose due to the financial crisis[ Subsec-
tion 4.6 goes even further and extends our benchmark model with a
variable for forward guidance.

We distinguish three measures of the dependent variables. The
first is the absolute forecast error, the second is the cross-sectional
standard deviation, and the third measure is the interquartile range.
In the literature following Mankiw, Reis, and Wolfers (2003), the
favorite measure of cross-sectional dispersion is the interquartile
range of forecasts. Arguably, the advantage of this measure over the
simple standard deviation is that it is insensitive to outliers, which
might be important in the analysis of survey data.

A fundamental distinction from previous papers arises in the
way we calculate the dependent variables. In order to avoid that the
residuals follow a pattern, we take logs of the dependent variables[td
Besides heteroskedasticity issues, there is a clear-cut lower bound to
the value residuals assume in our setting. However, taking the log of
the absolute cross-sectional mean forecast errors and the log of the
cross-sectional standard deviation generates well-behaved residuals.
Note that taking the log of the interquartile range does not elim-
inate the “truncated” pattern in the residuals. For this reason, we

9In addition, we employ the VIX instead of GARCH estimates as an uncer-
tainty measure.

10%We are grateful to Massimilano Marcellino for suggesting this data transfor-
mation.
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only use the log of cross-sectional standard deviations of forecasts
as a dispersion measure.

In addition, we use panel clustered standard errors, where we
cluster around countries. Variance estimates using panel clustered
standard errors are consistent, as shown by Stock and Watson
(2008). The procedure has three advantages: it allows us to get rid
of inconsistent variance estimates, to take heteroskedasticity into
account | and to correct for correlation in the forecast errors arising
from overlapping forecast horizons.

4.2  Benchmark Regression Results

In this subsection, we discuss the results of the benchmark regres-
sions. We pursue a conservative approach and execute two-sided
tests for significance of the coefficients['] The results are summarized
in table 3 for absolute forecast errors and for standard deviations.

The findings are sobering. Transparency does not improve the
predictability of financial and macroeconomic variables. More effec-
tive is the influence of greater transparency on forecast dispersion by
reducing the misalignment among forecasters of interest rates and,
especially, inflation.

The main and most important novel contribution to the liter-
ature relates to communication, which, as discussed, is measured
by the number of central bank speeches. Three results arise. First,
communication exerts a much greater influence on private forecast
performance than transparency. Second, intensive communication
activities make it more difficult to forecast inflation and real GDP
growth. More communication also increases the dispersion in fore-
casts of inflation and interest rates. Third, in terms of statistical

' As Santos Silva and Tenreyro (2006) pointed out, heteroskedastic residuals
coming from a log-linearized model lead to biased estimates of the true model
parameters. However, a visual inspection of the residuals of our benchmark model
shows that at least the residuals under our log model for absolute forecast errors
do not exhibit heteroskedasticity. In the log model for cross-sectional standard
deviation, heteroskedasticity cannot be excluded by visual inspection, but seems
to be rather a minor issue.

12 A one-sided test would be appropriate if the estimated value departs from the
reference value in only one direction. However, as summarized above, in theory,
departures are possible in both directions.
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significance, the effect of speeches on inflation forecasts is high-
est. We provide a discussion and interpretation of these results in
section 6.

The further analysis sheds light on the effects of politico-
institutional aspects of central banks as measured by the turnover
rate. The results suggest that instability in the management of cen-
tral banks (turnover variable) makes the inflation outlook for the
current year more uncertain and also reduces the predictability of
future interest rate actions of the central bank in the 12 months
ahead. Moreover, interest rate forecasts at the three-month horizon
become more heterogenous.

The VIX plays an important role in all regressions of forecast
dispersion but one. The higher market uncertainty is, the wider the
dispersion becomes. In the same vein, market uncertainty makes
interest rate predictions at the three-month horizon less precise. By
contrast, it increases the accuracy of next year’s GDP and long-term
interest rate forecasts.

Another result is that when the zero lower bound is reached,
short-term interest rates become easier to predict. By contrast, the
zero-lower-bound constraint has no effect on forecasts of long-term
interest rates. The latter finding is in line with Jain and Sutherland
(2018). Neither does the ZLB affect the dispersion of interest rate
forecasts.

Finally, the fit of the regressions is higher for dispersion as a
dependent variable. For this type of regression, the best fit is found
for growth forecasts and inflation.

4.3 Differences to the Literature

As we pointed out in section 1, we depart from previous papers
along several dimensions. In terms of estimation strategy, we take
the log of the independent variables instead of their level. This leaves
the results unaffected. Hence, while the log generates well-behaved
residuals, it does not affect the results either in quantitative or qual-
itative terms. Detailed results are shown in the appendix in tables
A1-AA4.

By contrast, including the yearly dummy in the benchmark
regression leads qualitatively to similar results, but the number of
significant coefficients in the regressions on transparency decreases.
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Thus, our use of a time dummy explains largely the difference to the
findings of previous work that reports significant effects of trans-
parency such as Naszodi et al. (2016). However, our results relating
to communication are not affected by the time dummy, except for
the accuracy of long-term interest rates, whose coefficient becomes
insignificant.

Moreover, the absolute oil price change is often used in such
regressions. Large changes in oil prices are associated with larger
uncertainty. Since in most cases this variable was not significant, we
refrain from including it in our benchmark regression.

4.4 Impact of Transparency Level (Breakpoint 10)

Are there diminishing marginal returns from greater transparency?
To answer this question, we analyze whether the worsening in the
accuracy of forecasts arising from more communication shown above
also holds at central banks whose transparency level is below 10,
using a corresponding dummy. This threshold corresponds to the
upper third of possible levels. As can be seen in table 4, except
for short-term growth forecasts, more communication has similar
effects on forecast errors irrespective of levels of transparency. Hence,
the impaired quality of forecasts that arises from more communica-
tion observed in the whole sample cannot be attributed to distinct
degrees of transparency. In this sense, we hardly find evidence of
diminishing marginal returns from more transparency.

4.5 Inflation Targeting

A monetary policy strategy widely deemed to increase the trans-
parency of policymaking is inflation targeting (IT), and some atten-
tion has been devoted to its effect on forecast performance. Cecchetti
and Hakkio (2009) estimate how it affects the dispersion of private-
sector forecasts of inflation. Using a panel data set that includes 15
countries over 20 years, they find no convincing evidence that IT
reduces forecast dispersion. The results reported by Crowe (2010)
for 11 countries suggest that IT improved the inflation forecasts for
those whose initial forecast accuracy was worst, without harming
the best forecasters.

We add to the evidence by assessing whether and how the intro-
duction of IT has had any repercussion on the quality and standard
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deviation of forecasts of inflation, as well as of short-term and long-
term interest rates. For this, we added a dummy for the presence
of IT, which interacts with our communication and transparency
variables, to the regressors of the benchmark analysis (IT; ). The
regression equation is now

Yint = a+v;+ Bsp - Speech; , + Bsprr - Speech; , - 1T, ;
+ Brr - Transp.; , + Brrrr - Transp., , - 1T ¢ + Brr - 1T,
+ Bro - Turnover; ; + By ix - VIXy + By - Hy + Br - Ty
+08zLp - ZLBit +¢€int-

Some interesting results emerge from this analysis. As can be
inferred from table 5, communication and transparency of infla-
tion targeters affect the quality of short-term interest rate fore-
casts in opposite ways. Whereas increased communication improves
their accuracy, greater transparency leads to less-accurate forecasts.
Moreover, inflation targeting weakens the forecast alignment effect
from more transparency. By contrast, communication of inflation
targeters does not affect forecasts’ heterogeneity differently from
non-inflation targeters. Overall, it seems that higher levels of trans-
parency are especially critical in countries that pursue an inflation-
targeting strategy.

4.6 Forward Guidance

In this subsection, we examine whether forward guidance has
improved the predictability of interest rates. For this purpose, we
add a dummy capturing forward guidance (FG;;) to the list of
benchmark regressors, which interacts with both the speech and the
transparency variables. The fixed-effects regression model becomes

Yint = a+v; + Bsp - Speech; , + Bsprg - Speech, ; - FG; ¢
+ Brr - Transp.; , + Brirg - Transp.; , - FG;+ + Bre - FGi
+ Bro - Turnover; s + By rx - VIXy + By - Hy + B - Ty
+BzLB  ZLBii + €int-

As outlined in table 6, the combination of increased communi-
cation with forward guidance has effects on the quality of interest
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rate forecasts that differ from those on their homogeneity. On the
one hand, more communication increases the inaccuracy of long-
term interest rate forecasts. The same effect is caused by more
transparency (three months ahead). On the other hand, intensified
communication reduces the heterogeneity of short-term interest rate
forecasts one year ahead. Summarizing, more communication and
transparency under forward guidance makes forecasts of long-term
interest rates less accurate.

4.7  Results Related to Geographic Regions

We also ran our benchmark regression for the four regions defined by
Consensus Economics. The regions are “Western countries” (WE),
Asia-Pacific (AP), Eastern Europe (EE), and Latin America (LA).

Overall, we find region-specific results. More-frequent communi-
cation worsens CPI inflation forecast accuracy in “Western coun-
tries” and in the Asia-Pacific region. On the other hand, higher
transparency makes it more difficult to forecast inflation in Latin
America, but it improves the forecast accuracy of both short-term
rates at the 3-month forecast horizon in the Asia-Pacific area and
long-term interest rates in “Western countries” at the 12-month hori-
zon. For real GDP growth forecasts, we do not find any particular
regional effect, neither for communication nor for transparency.

As far as forecasts’ cross-sectional standard deviation is con-
cerned, we do not observe any regional effect related to trans-
parency. By contrast, for communication we find that in Latin
American countries more-frequent communication decreases real
GDP growth forecasts’ dispersion. However, more-frequent commu-
nication increases dispersion of short-term interest rate forecasts at
the 3-month horizon in “Western countries” and long-term interest
rate forecasts at the 12-month forecast horizon in Eastern European
countries.

4.8  Financial Crisis of 2007-08

Has the financial crisis influenced the quality and alignment of fore-
casts? In order to analyze this important question, we constructed a
dummy for the financial crisis, starting in August 2007. The results
are in table 7. According to it, the effects of transparency and
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communication have changed since the financial crisis. Before the
crisis, more-intense communication reduced the errors in forecasting
inflation (for the next year) and short-term interest rates (for the
next three months). Since the crisis, more communication has wors-
ened the quality of these forecasts. Moreover, more communication
has increased the dispersion of real GDP forecasts for the next year
and long-term interest rate forecasts for three months ahead.

Related to transparency, the evidence is even more compelling.
Since the financial crisis, greater transparency has impaired the
quality of forecasts, especially those relating to inflation and short-
term and long-term interest rates. In terms of forecast dispersion,
while more transparency had a dispersion-decreasing effect, since the
financial crisis this effect has decreased or has even been offset.

Overall, intensified communication and transparency since the
financial crisis made it unambiguously more difficult for private fore-
casters to predict macro and financial variables compared with the
pre-crisis period.

5. Robustness

We redid the estimations with a variety of alternative regressors.
In sum, the benchmark results remained valid. We performed the
following robustness checks[53

e Transparency Subindexes: Neuenkirch (2013) employs the
overall transparency index by Eijffinger and Geraats (2006)
and the five subindexes until 2009 for money market fore-
casts in 25 emerging market countries. The result is that
all subindexes improve market expectations, with political
transparency having the largest effect. We replace the overall
transparency index by its five subindexes as regressors: polit-
ical transparency, economic transparency, procedural trans-
parency, policy transparency, and operational transparency.

The results are heterogeneous. At odds with Neuenkirch
(2013), we find no effect of any transparency subindex on
short-term interest rates’ forecast accuracy. By contrast, oper-
ational transparency has some beneficial effects in terms

13Estimates of all robustness checks are available upon request.
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of accuracy and homogeneity of forecasts. In particular, it
improves the accuracy of real GDP growth forecasts for next
year and decreases heterogeneity of inflation and interest rate
forecasts. Increasing political transparency produces mixed
effects. On the one hand, it aligns short-term interest rate
forecasts. On the other hand, it worsens the accuracy of real
GDP forecasts for next year. Finally, more policy transparency
worsens outcomes for long-term interest rate forecasts at the
three-month horizon.

o FExcluding Euro-Area Countries: So far, we have used all fore-
casts from the euro-area countries. To eliminate a potential
overweight of the ECB—for instance, we have 17 euro-area
countries in the calculation of absolute CPI forecast errors—
we excluded all euro-area countries except for German and
redid the regression for forecast errors and cross-section stan-
dard deviations.

Our benchmark results are confirmed. The only change
compared with the benchmark is that transparency has a
weaker (alignment-enhancing) effect on the standard devia-
tions of short-term and long-term interest rate forecasts.

o Uncertainty Measures: We also checked whether the results
remain unaltered if we replaced the VIX with the uncertainty
measures from Jurado, Ludvigson, and Ng (2015) and the
30-day return volatility of country MSCI stock market indexes.

Evidence obtained in the benchmark analysis remains
unchanged for the measure by Jurado, Ludvigson, and Ng
(2015). Transparency has no effect on forecast precision, but it
does reduce forecast dispersion. By contrast, communication
worsens the quality of forecasts and increases their dispersion.
The effect of uncertainty itself on forecast errors is, contrary
to the VIX utilized in the benchmark, significant for infla-
tion forecasts. Contrary to the VIX, this uncertainty measure
turns out to exert an insignificant effect on the standard devi-
ation of inflation and GDP growth forecasts, for which the
VIX yielded highly significant results. In addition, replacing
the VIX with the 30-day return volatility of country MSCI

Y For instance, Middeldorp (2011) only used observations from Germany in his
analysis.
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stock market indexes does not change the results related to
transparency and communication either.

e Only Basic Central Banks Sample for Speeches. As
explained in subsection 3.2, the number of central banks
reporting their speeches to the BIS increased over time. As
a further robustness check, we repeated the benchmark analy-
sis but limited it to the group of central banks, the majority,
which has reported to the BIS on a regular basis since 1998.
While the evidence of communication does not change, trans-
parency, which in the benchmark analysis significantly reduces
forecasts’ misalignments, has no effect anymore. Therefore, we
conclude that the dispersion-reducing effect of increased trans-
parency that we observe in the benchmark regression is due
to the newly reporting central banks.

e Only Months with Speeches: In the benchmark regressions we
included observations in the months when actually no speech
was delivered. As a robustness check, we eliminated these
observations from the sample. The general message did not
alter [

e Seasonality of Speeches: We also ran our benchmark regression
excluding July, August, and December since many countries
have holidays during these months. Results do not change.

o Fxclusion of Outliers: We excluded the countries with the
largest outliers in terms of forecast errors and took into
account the number of forecasters. The results do not
Change

o Revised GDP Figures: Finally, we found that real GDP growth
forecasts react only a little to transparency and communica-
tion. However, as is well known, realized GDP figures are reg-
ularly revised. To account for this fact, we produced a proxy
for GDP growth figures in real time to calculate absolute fore-
cast errors. Our proxy is the December real GDP growth

15See figure 1.

6The coefficient of speech in the benchmark regression with absolute cross-
sectional mean forecast errors as the dependent variable turned negative for
interest rate forecasts but was largely insignificant.

"For CPI inflation forecasts, the largest absolute forecast errors (greater than
25 percentage points) are in ARG, BGR, BLR, MDA, RUS, TUR, UKR, and
VEN. For interest rate forecasts, the outliers are ARG, IDN, and VEN.
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forecasts for the current year (i.e., about three weeks’ fore-
cast horizon) as the nearest value to the effectively realized
GDP growth figure. We reran the benchmark regression for
absolute forecast errors using forecast errors calculated with
this proxy. Overall, the main message concerning communica-
tion and transparency remains unchanged, but its significance
decreased.

6. Policy Implications

How do we read the results found in this paper in terms of policy
implications? When it comes to transparency, the policy implica-
tions are not clear-cut. If the policy objective is to get forecasters to
provide more-precise forecasts, our results suggest that transparency
is not an adequate tool to achieve it. If the objective is to align indi-
vidual forecasts, then the general normative implication seems to
be an increase in transparency. However, this result seems to be
attributable to a selection of central banks that have more recently
reported their speeches to the BIS.

In relation to speeches, our empirical results suggest that more-
frequent communication increases the uncertainty of their recipients
and/or that central banks communicate less precisely. This implies
that in order to improve the quality of forecasts of variables that
are central to monetary policymaking and align them among profes-
sional forecasters, central banks ought to speak less often.

The important question, then, is whether less-precise communi-
cation is an unintended effect of too much talk or whether it is a
deliberate choice. The latter is not unrealistic. A case in point is
particularly uncertain times, when the central bank may want to
convey to the markets an increased uncertainty underlying its own
forecasts or to dampen market participants’ risk-taking behavior.

However, the second explanation is more realistic, for it is dif-
ficult to imagine that a central bank deliberately chooses to keep
raising the uncertainty in the markets over time. The reason, as
noted by Blinder (2007), is that the policy-effectiveness argument
for central bank transparency boils down to teaching the markets
to “think like the central bank.” Doing so will enable the central
bank to manage expectations of future monetary policy better and,
in particular, to keep them in line with its own thinking.
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According to Blinder (2004), there is no one “right way” to com-
municate. The most-appropriate forms of central bank communica-
tion with the public, the government, and the markets depend on the
nature of the monetary policy committee. One potential disadvan-
tage that is particularly relevant for an individualistic committee is
that it may speak with too many voices, creating cacophony. Blinder
(2007) argued that individualistic committees seemed to have coped
with their potential cacophony problem.

Or have they? In a recent publication, Blinder (2018) seems to
have a more nuanced view on this issue, predicting that the cacoph-
ony problem on monetary policy committees will not go away soon.
The empirical evidence in this paper suggests that the number of
speeches has created confusion rather than clarity.

To corroborate this conjecture, we regressed on a variable relat-
ing to central bank independence in lieu of (in)stability Both a
higher turnover rate and a higher CBI index point qualitatively in
the same direction. Both suggest a negative effect on the quality
of forecasts, although they measure two distinct dimensions of the
politico-institutional framework of central banks, mirrored in a cor-
relation coefficient of —0.0026. The evidence seems reasonable for
the turnover variable. More difficult is rationalizing the evidence
associated with the CBI variable. After all, the central bank inde-
pendence/credibility literature points to increased credibility aris-
ing from greater independence with potential favorable knock-on
effects on the variance and predictability of variables. However, our
CBI variable covers several dimensions of a central bank’s structure.
One possible dimension is consistent with the observation made by
Blinder (2004) that central bank independence promotes the switch
to committee decisions rather than individual decisions. This switch
may have raised the risk that the central bank speaks with a cacoph-
ony of voices.

As an additional corroborating factor for this argumentation,
we constructed a variable that captures the size of monetary policy

8Central bank independence (CBI) is proxied by the unweighted indepen-
dence index constructed by Dincer and Eichengreen (2014). It runs from 0 (lowest
independence) to 1 (highest independence) and ends in 2010. Benchmark model
estimates replacing turnover with CBI are available upon request.
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committees[' The correlation of committee size with the number
of speeches is 40.74. This suggests that the number of speeches
increases in committees’ size. Moreover, the correlation of committee
size with the CBI variable is +0.51. Hence, although causality may
run in both directions, these correlations may suggest that the more
independent central banks are, the larger the size of the monetary
policy committees, and the larger the monetary policy committees
are, the more speeches they deliver. This may be one explanation
for the rise in the number of speeches over the years that underlie
the rise of potential cacophony.

To sum up, we find that the more speeches central banks give, the
greater the confusion this creates among forecasters. Whether this
arises from too many voices about monetary policy issues or from
too many topics not directly related to monetary policy decisions,
such as climate change, education, or inequality, is an important
avenue for future research. This is particularly important given our
evidence that more communication and transparency have worsened
the quality of forecasts and increased their misalignment especially
after the financial crisis.

7. Conclusions

By increasing market participants’ ability to predict future pol-
icy actions, transparency is expected to increase monetary policy
effectiveness. Anticipation of the central bank’s actions results in
a smoother operation in the first steps of the transmission mecha-
nism between policy actions and economic activity and inflation. The
question therefore is: Does central bank communication and trans-
parency affect macroeconomic forecasts at all and in the intended
way? We answer this question based on a large sample of countries
for financial and macroeconomic variables important for monetary
policymaking.

The answer is only partially affirmative. Particularly, we show
that a clear distinction between central bank communication and
transparency should be made. Our main finding is that more
speeches worsen the accuracy and precision of financial and macro-
economic forecasts. This insight had been anticipated by Simon

19See Lustenberger and Rossi (2017a) for details.
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(1971), for whom “a wealth of information creates a poverty of
attention.” It also lines up with the conclusions drawn by, for
instance, Morris and Shin (2002), Kahneman (2003), Sims (2003),
and Blinder (2004), for whom uncoordinated communication might
actually lower, rather than raise, the signal-to-noise ratio and, in
turn, hamper the operation of monetary policy. Stated differently, a
“central bank that speaks with a cacophony of voices may, in effect,
have no voice at all” (Blinder 2004, p. 57). Thus, speaking less may
be beneficial for central banks that want to raise predictability and
homogeneity among financial and macroeconomic forecasts. We pro-
vide some evidence that this may be particularly true for central
banks whose transparency level is already high.

Our results also show that we should not expect too much from
greater transparency either. We provide compelling evidence that,
in general, central bank transparency is not an effective instrument
to improve the accuracy of private forecasts.

At a more detailed level, our results suggest that intensified com-
munication and transparency since the financial crisis made it unam-
biguously more difficult for private forecasters to predict macro and
financial variables compared with the pre-crisis period.

Overall, it seems that higher levels of transparency are especially
critical in countries that pursue an inflation-targeting strategy.

A related question is whether a forward-guidance policy as pur-
sued after the crisis has borne fruit. The evidence is mixed. For-
ward guidance combined with intensified communication worsened
the quality of long-term interest rate forecasts but reduced the dis-
persion of short-term rate forecasts. Increased transparency in a
forward-guidance regime produced partly less accurate long-term
interest rate forecasts.

Overall, the empirical evidence supports the view expressed by
Cukierman (2009), who probes the limits of transparency in gen-
eral. He argues that given the high degree of opacity in the past, it
is highly likely that the move of central banks over the last 20 years
towards openness to the public has improved matters. However, he
also reminds us that since sufficiently high transparency is now in
place and is part of the orthodoxy, the time has come to take a more
realistic look at the limits of its feasibility and desirability. That
said, we also provide evidence that more transparency contributes
to aligning single forecasts with each other. From this perspective,
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transparency seems to provide the anchor by which agents’ forecast-
ing actions are coordinated. Thus, what seems to be important in
the discussion about more or less central bank transparency is to
make a clear distinction between its effect on forecast accuracy and
its effect on forecast dispersion.

In a more general context, our results make a contribution to
the theoretical literature on the social value of information. The
general message arising from our empirical analysis is that more
public information may make it more difficult for agents to deduce
its content.

We also make a contribution in highlighting the importance of
the stability and independence of central banks to the quality of
private-sector forecasts. Our finding on this account is that a higher
turnover of governors tends to reduce the precision of short-term
interest rate and inflation forecasts. Greater central bank indepen-
dence could worsen the quality of forecasts, perhaps by increasing
the size of monetary policy committees that may lead to cacophony.

We have identified the communication of the central bank by
the number of speeches. Future research could extent the analy-
sis. According to Freedman and Laxton (2009), there are additional
important means for the central bank’s views to reach the public,
such as monetary policy reports, inflation reports, press releases, and
minutes. Ideally, all means of central bank communication should
complement each other to get their message across most effectively.
Otherwise, there is a risk of overcommunicating and transmitting
different messages through the various channels. While some of these
communication tools are captured by our transparency index, a more
in-depth analysis may provide evidence of their effectiveness. This is
the case in Jain and Sutherland (2018), who identify the communica-
tion by the central bank projections typically disseminated in mon-
etary policy reports and inflation reports and find the projections to
be important inputs to private forecasts.

Future research could also track the evolution of committee
sizes and analyze the effects per speaker. Another extension could
examine the content of speeches along various dimensions, such
as their length, comprehensibility and keywords, and accounting
for endogeneity issues. This would allow to tackle the question of
whether cacophony arises from too many speeches about all sorts of
issues not directly related to monetary policy or from a variety of
voices on monetary policy issues.
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B.3 Replace the VIX with Jurado, Ludvigson, and Ng (2015)

Table B.4. Absolute Cross-Sectional Mean Forecast
Errors and Forecasts’ Cross-Sectional Standard Deviations
Using Jurado, Ludvigson, and Ng (2015)

Absolute Cross-Sectional Mean Forecast

Errors (Absolute Differences between the

Cross-Sectional Mean Forecasts
and Their Realizations)
Short-Term Long-Term
Inflation | Growth | Interest Rate | Interest Rate

CY CY MO03 MO03

Speech 0.021*** | 0.017*** —0.005 0.018***
(0.01) (0.01) (0.01) (0.00)

Transp. 0.010 0.021 —0.017 —0.071
(0.04) (0.03) (0.07) (0.06)

Turnover 0.280*** 0.015 0.058 —0.042
(0.08) (0.07) (0.10) (0.10)

Jurado, Ludvigson, | —1.224"** 0.510 0.108 —0.555"*
and Ng (2015) (0.46) (0.46) (0.18) (0.23)
ZLB —0.655""" 0.091
(0.19) (0.17)
N 3,169 3,029 1,488 900

Countries 73 73 34 23

R2 0.14 0.08 0.26 0.22

(continued)
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Table B.4. (Continued)

March 2020

Cross-Sectional Standard Deviations of
Forecasts (Cross-Sectional Standard Deviations
of Forecasts at Each Point in Time)

Short-Term

Long-Term

Inflation | Growth | Interest Rate | Interest Rate
CY CY MO03 MO03
Speech 0.014*** —0.006 0.010** 0.001
(0.00) (0.00) (0.00) (0.00)
Transp. —0.118** —0.010 —0.067 —0.142**
(0.05) (0.03) (0.05) (0.05)
Turnover. 0.128 0.033 0.155" 0.148"
(0.09) (0.06) (0.08) (0.08)
Jurado, Ludvigson, 0.002 —0.071 0.149 —0.157**"
and Ng (2015) (0.31) (0.25) (0.37) (0.05)
7ZLB —0.238 0.193*
(0.24) (0.09)
N 1,914 1,914 1,508 972
Countries 45 45 34 23
R2 0.35 0.35 0.12 0.22

Notes: Country fixed-effects panel regression with panel clustered standard errors in
parentheses. *, ** and *** denote p < 0.10, p < 0.05, and p < 0.01, respectively. The
table shows results for a fixed-effects panel regression of the log of absolute cross-sectional
mean forecast errors and the log of cross-sectional standard deviations replacing VIX with
Jurado, Ludvigson, and Ng (2015). Inflation and growth have forecasts for the current-year
(CY) and the next-year (NY) value. We include a dummy for each forecast horizon since
both current-year and next-year forecasts’ horizons decrease over time. Short-term and
long-term interest rates have two forecast horizons. M03 is the 3-month forecast horizon,
while M12 stands for the 12-month forecast horizon. We also include a dummy for each
year (the intercept, fixed effects, and dummies are not shown in the table).
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B.7 Benchmark Model but Fxcluding Outliers

Table B.8. Absolute Cross-Sectional Mean Forecast
Errors but Excluding Outliers

Absolute Cross-Sectional Mean Forecast Errors
(Absolute Differences between the Cross-Sectional
Mean Forecasts and Their Realizations)
Short-Term
Inflation Interest Rate
CY NY MO03 M12
Speech 0.016™** 0.018*** 0.006 0.000
(0.00) (0.01) (0.00) (0.00)
Transp. 0.010 —0.024 —0.016 0.007
(0.03) (0.05) (0.06) (0.06)
Turnover 0.176*** —0.022 0.046 0.266***
(0.06) (0.08) (0.09) (0.09)
VIX —0.002 0.002 0.017*** —0.001
(0.00) (0.00) (0.00) (0.00)
ZLB —0.680*** —0.714***
(0.16) (0.13)
N 11,138 11,129 5,354 5,384
Countries 65 65 31 31
R2 0.21 0.15 0.22 0.24

Notes: Country fixed-effects panel regression with panel clustered standard errors in
parentheses. *, ** and *** denote p < 0.10, p < 0.05, and p < 0.01, respectively. The
table shows results for a fixed-effects panel regression of the log of absolute cross-sectional
mean forecast errors excluding outliers. For inflation we excluded ARG, BGR, BLR, MDA,
RUS, TUR, UKR, and VEN. For short-term interest rates we excluded ARG, IDN, and
VEN. Inflation has forecasts for the current-year (CY) and the next-year (NY) value. We
include a dummy for each forecast horizon since both current-year and next-year forecasts’
horizons decrease over time. Short-term interest rates have two forecast horizons. M03 is
the 3-month forecast horizon, while M12 stands for the 12-month forecast horizon. We also
include a dummy for each year (the intercept, fixed effects, and dummies are not shown
in the table).
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B.8 Replace Realized GDP Figure with December Forecast of
the Current Year

Table B.9. Absolute Cross-Sectional Mean Forecast
Errors and Realized Real GPD

Growth
CY NY

Speech 0.003 0.003

(0.01) (0.01)
Transp. —0.072* 0.020

(0.04) (0.04)
Turnover 0.023 0.019

(0.06) (0.09)
VIX 0.004** —0.002**

(0.00) (0.00)
N 11,104 12,266
Countries 73 73
R2 0.25 0.19

Notes: Country fixed-effects panel regression with panel clustered standard errors
in parentheses. *, ** and *** denote p < 0.10, p < 0.05, and p < 0.01, respectively.
The table shows results for a fixed-effects panel regression of the log of absolute
cross-sectional mean forecast errors using the December forecast of the current year
as realized growth figure. Growth has forecasts for the current-year (CY) and the
next-year (NY) value. We include a dummy for each forecast horizon since both
current-year and next-year forecasts’ horizons decrease over time. We also include a
dummy for each year (the intercept, fixed effects, and dummies are not shown in the
table).




Stress Tests of the Household Sector Using
Microdata from Survey and Administrative
Sources™

Jaanika Merikill and Tairi Room
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This paper conducts microsimulation-based stress tests to
assess the financial risks of the household sector. The Eston-
ian Household Finance and Consumption Survey data set is
employed, where the survey data from household interviews
are complemented with the same information from adminis-
trative registers. We analyze the sensitivity of financial-sector
loan losses to adverse shocks. It is found that the survey data
and the register data indicate the same segment of vulnerable
households. The main difference between the two data sources
is that the losses predicted by the register data are larger.
This is mostly the result of the overestimation of assets and
underestimation of liabilities in the survey.

JEL Codes: D14, E43, G21, C81.

1. Introduction and Related Literature

Household borrowing has increased considerably in most European
countries in recent decades, both in absolute terms and in rela-
tion to household income. The rapid increase in household debt
in the United States was one of the triggers of the Great Reces-
sion (e.g., Mian and Sufi 2010). These developments have been
the source of concerns about the financial system and have led
many central banks to undertake stress-testing exercises to assess
the resilience of the household sector to various macroeconomic

*The authors would like to thank Hanno Kase, Jana Kask, Merike Kukk, and
Olavi Miller for their insightful comments on the earlier drafts of this article.
The views expressed are those of the authors and do not necessarily represent
the official views of Eesti Pank or the Eurosystem. Authors’ e-mail addresses:
jaanika.merikyll@eestipank.ee, tairi.room@eestipank.ee.
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risks. Earlier analyses of financial stability were almost exclusively
based on macrodata, but recently they have increasingly been con-
ducted on disaggregated data. The use of microlevel statistics on
household finances has several advantages over macrolevel stud-
ies. It allows the extent of households’ financial buffers to be
assessed together with their liabilities and makes it possible to eval-
uate the distribution of the debt burden across different household
types.

As part of the initiative to base financial stability analysis on
disaggregated data, the euro-area central banks together with the
European Central Bank launched the Household Finance and Con-
sumption Survey. This survey collects data on households’ assets and
liabilities in a harmonized manner across all the euro-area countries.
These data are representative at both the national and euro-area lev-
els and contain comprehensive information on households’ balance
sheets. The availability of the Household Finance and Consumption
Survey data makes it possible to conduct microdata-based studies
of households’ ability to service their debts and of the credit risks to
the financial sector that emanate from the household sector. Several
recent studies focus on financial fragility analysis using the House-
hold Finance and Consumption Survey data or analogous microlevel
data sets[l

While most of the countries collect household balance sheet data
by interviewing households, there is an increasing tendency to com-
pile such databases on the basis of administrative sources!q The aim

'"Examples of such studies include Johansson and Persson (2006) for Swe-
den; Herrala and Kauko (2007) for Finland; Holl6 and Papp (2007) for Hun-
gary; Albacete and Fessler (2010) for Austria; Faruqui, Liu, and Roberts (2012)
for Canada; Martinez et al. (2013) for Chile; Michelangeli and Pietrunti (2014)
for Italy; Baribula et al. (2015) for Poland; Bilston, Johnson, and Read (2015)
for Australia; Ampudia, van Vlokhoven, and Zochowski (2016) for 10 euro-area
countries; and Galuscdk, Hlav4ée, and Jakubik (2016) for the Czech Republic.

2Finland is the only country that relies mostly on administrative register
data in the Household Finance and Consumption Survey (Eurosystem Household
Finance and Consumption Network 2016). Register data-based household stress
testing is already used by the Danish central bank (Andersen et al. 2013). The
European Central Bank plans to launch an analytical credit data set (AnaCredit)
that will collect whole population-based corporate- and housing-sector loan-level
data that can be used for stress testing (Israel et al. 2017).
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of our paper is to construct households’ financial fragility indica-
tors and conduct stress-testing exercises using and comparing data
from different sources, i.e., from interviews and from administrative
registers. To the best of our knowledge, ours is the first paper to
conduct such a comparison. This lets us evaluate whether different
data-collection methods yield different messages in the assessment
of the financial risks of the household sector.

As a general rule, the Household Finance and Consumption Sur-
vey data were collected by household interviews, but some euro-
area countries partially complemented or replaced survey data with
variables from administrative sources. While this was mostly done
only partially, the Household Finance and Consumption Survey data
set for one country, Estonia, contains comprehensive information
on households’ assets, liabilities, and incomes from two separate
sources, i.e., from administrative files as well as from the survey.
We employ the Estonian Household Finance and Consumption Sur-
vey data set to conduct stress tests of households’ financial fragility
using both the survey data and the administrative records.

Being able to access the data from these two alternative sources
lets us evaluate possible biases in the survey-based estimates of
household incomes, liabilities, and assets relative to the adminis-
trative data. While there are many studies which compare incomes
from surveys and administrative sources (e.g., Duncan and Hill 1985;
Pischke 1995; Bound, Brown, and Mathiowetz 2001; Kapteyn and
Ypma 2007; Chen, Hong, and Nekipelov 2011), there are only a few
papers that provide a similar comparison for households’ net wealth
(e.g., Johansson and Klevmarken 2007). A comparison of liabilities
is also given in only a limited number of studies (e.g., Brown et al.
2011). To the best of our knowledge, there is no study that uses all
the information about income, assets, and liabilities and compiles
financial fragility indicators for households from survey and register
data.

This paper conducts stress tests of the household sector by quan-
tifying the effect of various adverse shocks on household finances
and by assessing the ability of households to continue servicing their
debts after they have been exposed to shocks. In addition, we look at
the distributional aspects of financial distress by detecting groups of
households which are more financially fragile or are particularly vul-
nerable to adverse shocks. The estimation methodology that we use
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in the stress-testing exercises builds on approaches that were used
by the earlier studies, which employed microlevel data to assess the
financial risks of the household sector.

The earlier papers that evaluate households’ financial vulnera-
bility can be divided into three groups. The first approach assesses
financial fragility by finding the fraction of households whose ratio
of debt service to income exceeds some threshold level. Most typi-
cally, households are considered financially fragile when their ratio
of debt service to income exceeds 30 percent, but some authors also
use 35 percent or 40 percent. Examples of the studies using this
approach include Faruqui, Liu, and Roberts (2012), Martinez et al.
(2013), and Michelangeli and Pietrunti (2014).

The second method is based on the share of households with a
negative financial margin. The financial margin is defined as current
disposable income from which essential consumption expenditures
and loan servicing costs are deducted. In these studies, it is typi-
cally assumed that all households with negative financial margins
will default on their loans. This approach is used in, e.g., Johans-
son and Persson (2006), Hollé6 and Papp (2007), and Albacete and
Fessler (2010).

The third method considers the share of liquid assets the house-
hold has in addition to the financial margin when determining the
likelihood of the household defaulting on its loans. This method
is used, e.g., in recent studies by Ampudia, van Vlokhoven, and
Zochowski (2014, 2016). Earlier studies of household stress tests
assumed that the probability of defaulting on loans equals one for
all households with a negative financial margin. However, in prac-
tice, only some households with a current negative financial margin
default on their loans, since the probability of default is also depen-
dent on the extent of the financial buffers they have in the form of
liquid assets. In the approach used by Ampudia, van Vlokhoven, and
Zochowski (2014, 2016), households will default on their loans only
when they have negative financial margins and when the amount
of liquid assets they have is smaller than a particular threshold
value. This threshold value is calibrated so that the aggregate share
of defaulted loans is equal to the actual share of nonperforming
household loans in the banking sector for the same time period.

Our stress-testing methodology is closest to that used in
the study by Ampudia, van Vlokhoven, and Zochowski (2016).
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Specifically, we follow their idea of calibrating the probabilities of
default for households so that the microdata-based exposure at
default matches the aggregate historical share of households’ non-
performing loans (NPLs) in the banking sector.

The structure of the stress-testing exercises that is employed
in this paper is similar to that in earlier studies which conducted
stress tests. We use the following steps. First, the probability
of default on household loans is assessed using survey and reg-
ister data. Second, we simulate the effects of adverse shocks of
one, two, and three standard deviations. The variables to which
the shocks are applied are the base interest rate, the unemploy-
ment rate, and real estate prices. The next step is to assess the
effect of these shocks on households’ probability of default (PD).
Finally, the resulting effect on the banks’ household loan portfo-
lios is evaluated by calculating the effect on the share of loans
exposed to default (the exposure at default, or EAD) and on the
resulting losses from defaulted loans (the loss given default, or
LGD). The stress-testing exercises are performed using the survey
data as well as the data from administrative files, which lets us
compare the sensitivity of the results to the use of different data
sources.

The biases in the survey data of the Estonian Household Finance
and Consumption Survey are similar in many ways to those detected
by the earlier studies, but we also identify some differences. First,
we evaluate the level of indebtedness on the basis of the survey
and compare it with data from the administrative files. We find
no systematic bias in the reporting of the outstanding amounts of
mortgage loans, i.e., survey and administrative records yield simi-
lar estimated outstanding amounts of mortgage loans on average.
A similar comparison for noncollateralized loans shows that their
amounts are underestimated in the survey relative to administrative
records. This finding is in correspondence with the results of an ear-
lier study in which data from the U.S. Survey of Consumer Finances
are compared with administrative records, and which also shows that
consumer loans tend to be underreported in surveys (Brown et al.
2011).

The estimated value of household assets is mainly determined by
their real estate holdings, as real estate is by far the largest compo-
nent of the assets of the average household (Eurosystem Household
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Finance and Consumption Network 2013b). Comparing the register-
based estimates with those reported by the survey respondents shows
that households tend to overestimate the value of their real estate
in the Estonian Household Finance and Consumption Survey. This
result is in line with findings in some previous studies, which also
imply that real estate values are upward biased in household sur-
veys (e.g., Kiel and Zabel 1999, Johansson and Klevmarken 2007).
Interestingly, conducting these comparisons for different types of real
estate in the Estonian Household Finance and Consumption Survey
implies that households tend to overestimate the value of their main
residence, whereas their other real estate holdings are undervalued
in the survey.

In addition, we are able to compare the survey-based estimates
of household incomes in the Estonian Household Finance and Con-
sumption Survey with estimates based on the register data. Earlier
studies have mostly found that incomes tend to be underreported
in surveys, but the measurement error is usually negatively corre-
lated with income level, i.e., low-income households tend to overre-
port their incomes and high-income households tend to underreport
theirs in the survey (e.g., Rodgers, Brown, and Duncan 1993; Bound
et al. 1994; and Pischke 1995). The negative correlation between
the measurement error and the level of income is also present in
the Estonian Household Finance and Consumption Survey. In the
Estonian Household Finance and Consumption Survey, however, the
register-based estimates of income are, on average, smaller than the
survey-based estimates, which is an atypical finding.

Since survey-based estimates of income and assets are overvalued
while liabilities are undervalued in the Estonian Household Finance
and Consumption Survey, replacing the survey data with register
data results in larger estimated measures of financial distress for
the household sector and larger losses from defaults on household
debts for the banking sector. The estimated losses for banks are up
to four times larger in the stress tests based on register data than
according to the survey data. Both data sources point to the same

3Main residences make up by far the largest part of households’ real estate
holdings. Therefore the overvaluation effects dominate and, on average, real estate
holdings are overvalued.
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segment of vulnerable households, indicating that low-income house-
holds bear most of the risks from household debts. The probability of
default and the vulnerability to shocks is more concentrated to low-
income households according to the survey data than it is according
to the register data. These findings have potential implications for
other similar studies. As a general rule, most of the earlier analy-
ses of financial fragility have been based on survey data, and so it is
likely that these evaluations underestimated the financial risks of the
household sector. It is also relevant for cross-country comparisons,
since if some of the country studies are based on administrative
files and others on survey data, then the results are not directly
comparable.

The paper is structured as follows. The second section describes
the Estonian Household Finance and Consumption Survey data used
for the analysis. The third section presents the derivation of the
measures of financial fragility for households that are used in the
stress tests and a comparison of these variables based on survey and
administrative data. The fourth section presents the results of the
stress-testing exercises using the survey and administrative data,
and the last section provides the conclusions.

2. The Data

The Household Finance and Consumption Survey data set contains
detailed household-level data on various items of household balance
sheets together with related demographic and economic variables,
including various types of income, employment status, inheritances
and gifts, consumption, etc. The unique feature of the Estonian
Household Finance and Consumption Survey data is that the infor-
mation collected by the survey was complemented by information
from administrative registers, which allows the data from different
sources to be compared and potential biases in reporting to the sur-
veys to be estimated. There is no reason to believe that the results
based on the survey and administrative data are unique to Estonia.
Estonia is a representative case because the collection of the survey
data was well harmonized with the other euro-area countries and
was undertaken by the National Statistical Institution. Estonia is



210 International Journal of Central Banking March 2020

a European Union (EU) member state with a harmonized institu-
tional setting of financial intermediation, and the level of its debt
burden is at the average among the euro-area countries, although
household debts have been accumulated more recently than in most
of the other euro-area countries (Merikiill and R66m 2016, Kukk
2019).

The fieldwork for the Estonian Household Finance and Con-
sumption Survey took place between March and June 2013, and
the final sample contains 2,220 households. The sampling design
was one-stage stratified systematic sampling. Wealthy households
were oversampled in the survey to give better coverage of house-
holds’ assets. The survey mode was computer-assisted personal inter-
views. The estimation weights were calculated to adjust for survey
nonresponse and were calibrated for age, sex, degree of urbaniza-
tion, ethnicity, education, household size, and homeownership sta-
tus. Replicate weights were introduced for variance estimation, and
bootstrap methods with replacement were used to create 1,000 repli-
cation weights. Multiple stochastic imputation was used to fill in the
data for missing observations. The imputation was not applied to the
whole survey, but the key variables, such as the components of net
wealth, income, and consumption, were imputed. The methodology
for calculating the weights and for the imputation was similar to
that used in other euro-area countries participating in the House-
hold Finance and Consumption Survey; see Eurosystem Household
Finance and Consumption Network (2013a) for more details. A more
detailed explanation of the sample statistics of the Estonian House-
hold Finance and Consumption Survey is given in Merikill and
R6om (2016).

A large number of survey items were also collected from admin-
istrative sources in Estonia. This served more than one purpose.
The first aim was to validate the data collected by interviews. Sec-
ond, the administrative data were used for the imputation of the
missing observations. Third, the data from alternative sources were
collected with the longer-term objective of gradually replacing the
items collected from the interviews with administrative information
in future waves of the survey. It is important for the context of this
paper that in the editing process of the survey data set, the sur-
vey variables were mainly compiled using the information collected
by interviews, so that the survey data and administrative data can
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be meaningfully compared. The only wealth component that was
replaced in the survey with administrative data was the amount of
financial assets held domestically. Financial assets mainly consist of
bank deposits in Estonia and make up 10 percent on average of the
gross value of all financial plus real assets.

The main administrative sources of data on disposable income
were the Income and Social Security Tax Register, the Social Trans-
fers Register, the Health Insurance Benefits Register, and the Unem-
ployment Fund Register. Data from the Land Board were used for
the estimates of real estate prices, data from the commercial banks
were used for the outstanding amounts of deposits and financial lia-
bilities, and data from the Central Register of Securities were used
for the value of other financial assets. The administrative data were
collected by Statistics Estonia and the Bank of Estonia and merged
with the interview data collected from the household survey. All the
variables from administrative sources were collected at the individual
or household level.

The data that we use for comparative purposes are similar to
those used in other studies comparing income and wealth data
from survey and administrative sources (e.g., Johansson and Klev-
marken 2007). The estimated values of financial assets and liabili-
ties that are based on the administrative data are not completely
free of measurement error, but they can be expected to be much
closer to the true values of these variables than the survey-based
estimates. The register-based estimates of income, on the other
hand, are more likely to contain systematic measurement errors.
The income data from the administrative sources may be under-
estimated because of tax evasion, as the share of wages that are
undeclared has been estimated at 5-20 percent in Estonia (Put-
nins and Sauka 2015), and the share of undeclared self-employment
income has even been put as high as 60 percent (Kukk and Staehr
2014). Furthermore, it is not clear whether respondents report the
true value of their income in surveys or give the same income as
that reported to the tax office. Households’ choices about how much
of their true income to report depend partly on survey design (the
framing effects, etc.).

The assessment of the value of real estate from the register
data is based on the average price of market transactions for dif-
ferent real estate types within a detailed district, which is a similar
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approach to that taken by the study of Johansson and Klevmarken
(2007) using Swedish datal The U.S. practice has been to compare
survey-based wealth data that are calculated using the balance sheet
principle with a register counterpart that has been indirectly calcu-
lated from income tax data using the method of capitalizing income
flows (Bricker et al. 2016). However, the focus of similar analysis
in the United States has been on comparing the estimate of the
share of wealth held by the top 1 percent in various sources and not
strictly on comparing the survey and administrative values of the
same individual for all the people sampled.

3. Methodology and Estimates of Financial Fragility

3.1 FEstimation Methodology

In this subsection we derive the measures of household financial
fragility that are used in the stress tests. First, we define the house-
hold financial margin (FM). Following this, we show how the house-
hold probability of default is calculated on the basis of the FM and
liquid assets. The probability of default is calibrated to match the
aggregate household-sector ratio of nonperforming loans. Finally, a
measure of banking-sector losses (loss given default, LGD) is defined,
which provides an estimate of the effect of household-sector loan
quality on financial stability.
The household financial margin is derived as follows:

FM;=Y; - DP; - C;, (1)

where FM; denotes the financial margin of household ¢, Y; is total
disposable income, DP; is total debt service costs, and C; is essential
consumption. Total disposable income covers the after-tax income
of all household members from all sources, covering labor income,
capital income, pensions, and any other public or private transfers.
Income is collected for the calendar year preceding the survey (2012)
and is divided by 12 to obtain average monthly income. The data are
collected in gross terms and converted to net terms using statutory

4They employ a slightly more complicated approach based on the average
transaction price in a region and the tax-assessed value.



Vol. 16 No. 2 Stress Tests of the Household Sector 213

tax rates and exemptionsﬁ Debt payments DP; consist of monthly
payments for mortgages and other loans; other loans are all con-
sumer loans and loans from employers or other households, except
leases, credit line overdrafts, and credit card debt[d The reference
period is the time of the survey, and payments cover only interest
and loan principal payments, but do not cover insurance, taxes, or
other fees.

Essential consumption or basic consumption C; has been defined
as the Statistics Estonia official estimate of the subsistence mini-
mum (Statistics Estonia, table hh27 at http://www.stat.ee). The
subsistence minimum without expenditures on housing was EUR 128
for single-person households in 2013. The subsistence minimum for
households with more than one member is calculated by multiply-
ing this amount by the sum of consumption weights taken from the
OECD (Organisation for Economic Co-operation and Development)
equivalence scale[] We add the monthly rental payments to the sub-
sistence minimum to calculate the total level of basic consumption
for renters.

Authors of earlier studies have taken various approaches to defin-
ing essential consumption, with some defining it as the subsis-
tence minimum or poverty line (Bilston, Johnson, and Read 2015;

® Although the Estonian tax system is relatively simple, with a flat tax rate
and only a few tax exemptions, several assumptions are still required for dispos-
able income to be derived from all the income types at the household level. It is
assumed that the tax-exempt amount for total income and the additional exemp-
tion for the retired apply, and various deductions have been assumed, including
exemptions for household main residence mortgage interest payments, children,
and investments in voluntary pension schemes. It is also assumed that no income
taxes are paid on rental income or on self-employment income from abroad, as
tax evasion is common for these income types. Married couples are assumed
to submit joint income declarations. The household member with the highest
income is assumed to declare the household-level income and to deduct all the
household-level deductibles in households with no married couple.

5Leases, credit card debt, and bank account overdrafts are excluded because
the data on monthly payments for these loans are not available in the Household
Finance and Consumption Survey. The exclusion of these loans should not have
a major effect on the results since the majority of the loan burden in Estonia
consists of mortgages, and collateralized loans make up 95 percent of the total
loan burden excluding leases.

"The first adult household member gets a weight of 1, each subsequent house-
hold member who is at least 14 years old gets a weight of 0.5, and each household
member aged less than 14 gets a weight of 0.3.
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Ampudia, van Vlokhoven, and Zochowski 2016) or as the house-
hold self-reported minimum subsistence level (Albacete and Fessler
2010), and some defining it more generously as consumption of food,
energy, health, and rent (Galuscdk, Hlavac, and Jakubik 2016) or the
minimum nondurable consumption and non-interest housing costs
(Johansson and Persson 2006). We prefer to use the subsistence min-
imum instead of the actual expenditures on the most essential con-
sumption categories because it is likely that consumption is reduced
in response to negative shocks.

Most studies of household stress tests consider all households
with a negative financial margin as distressed households and define
their probability of default as equal to one. However, in practice, only
some households with a current negative financial margin default on
loans, since the probability of default is also dependent on financial
buffers. Households with a substantial level of liquid assets may be
able to cover the negative financial margin for some time until they
manage to restore their income and so can avoid default. This paper
applies the solvency and liquidity approach introduced by Ampudia,
van Vlokhoven, and Zochowski (2016) to derive the probability of
default. They show that this type of distress measure outperforms
other indicators that are based on a negative financial margin or
on debt-service-to-income ratio thresholds, as these tend to over-
estimate the exposure at default. The method used by Ampudia,
van Vlokhoven, and Zochowski (2016) not only has a more real-
istic distress measure that employs information on income as well
as on liquid assets, but also allows flexible calibration of the expo-
sure at default ratio so that it meets the actual aggregate nonper-
forming loan ratio. As a result, stress tests based on microdata and
macrodata can easily be compared at the same meaningful scale.

Using the idea from Ampudia, van Vlokhoven, and Zochowski
(2016), we define the probability of default as follows:

If FM; > 0 then pd, =0
If FM; < O A LIQ; > |FM;| x M then pd; =0
If FM; <OA0 < LIQ; < [FMi| x M then pd; = 1 — {2 x 47
If FM; < OA LIQ; = 0 then pd; = 1,
(2)
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where pd; denotes the probability of default of household i, FM;
is the financial margin, LI(Q); are liquid assets, and M is the cali-
brated number of months after which the household restores its non-
negative financial margin. Equation (2) assumes that M is greater
than zero. Liquid assets are household net liquid assets, i.e., the
sum of deposits, mutual funds, bonds, non-self-employment busi-
ness wealth, publicly traded shares, and managed accounts from
which bank overdraft debts and credit card debts are deducted
The very first line of the set of equations (2) shows that households
with a positive financial margin will not default and their probabil-
ity of default is zero. Households with a negative financial margin
and enough liquid assets to cover the calibrated M months of the
negative financial margin will also not default. Households with a
negative financial margin and no liquid assets will default with the
probability of one, while households in between these two extremes
have a probability of default that is a decreasing linear function of
the ratio of liquid assets to the absolute value of the financial margin.

After obtaining the estimated probabilities of default for the
households, we calculate the banks’ exposure at default or the share
of defaulting loans in the total loan stock. Following Ampudia,
van Vlokhoven, and Zochowski (2016), the formula for calculating
EAD is

N
pAD — 2= P4Di (3)

Z¢=1 D;

where EAD denotes exposure at default and D; is the total debt
of household i. The value of M is calibrated so that the estimated
EAD would meet the aggregate share of nonperforming loans in
Estonia at the time of the survey, i.e., from March to June 2013.
The survey data are used for calibration of M, and the same value
of M is used for estimations based on register data. The aggregate
NPL share was assessed as the percentage of household loans in
the total loan stock whose payments were past due for more than
30 days, which was 3.4 percent during the survey fieldwork period
(Bank of Estonia statistics table 3.3.11). Ampudia, van Vlokhoven,

8These credit types are not taken into account in calculations of the financial
margin.
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and Zochowski (2016) calibrate the value of M to meet the nonper-
forming loan ratio for the euro-area households and find M to vary
a lot across countries, from 0 to 26 months[d Given that the share
of households with a negative financial margin in the Estonian data
is high compared with the actual NPL ratio (13.0 percent versus
3.4 percent; see table 1), the value of M has to be relatively low in
Estonia, meaning that although the negative financial margin is fre-
quently encountered, households can restore their financial solvency
relatively quickly. The calibration shows that the calibrated value
of M is one month, which results in an aggregate value for EAD of
3.4 percent.

Lastly, the share of banks’ loan losses that are caused by defaults,
or the loss given default, can be calculated as the probability of
default multiplied by the sum of potential loan losses for mortgage
loans with negative equity and the sum of all noncollateralized loans
(following the idea of Herrala and Kauko 2007 and the notation of
Ampudia, van Vlokhoven, and Zacchowsky 2016):

SN pdi[(DM — WM)eM 4 DNC
Eij\il D,

where LGD denotes loss given default, Di denotes debt, superscript
M denotes mortgage loans, superscript NC denotes noncollateral-
ized loans, W; denotes assets that the bank can liquidate in the
event of a default, and ¢; equals one if the household is “underwa-
ter,” meaning its collateral has a lower value than the outstanding
value of its loans, while ¢; is zero otherwise. The value of W is taken
as the value of all the real estate assets that a given household owns.
The LGD provides an estimate of the potential losses for banks from
nonperforming loans.

LGD = , (4)

3.2  Households’ Financial Fragility Indicators: Survey Data
and Historical Aggregates

Table 1 reports descriptive statistics for the financial fragility indi-
cators from the survey: the share of households with a negative

9Their study covers the households of the 15 euro-area countries that partici-
pated in the first wave of the Household Finance and Consumption Survey, these
being all the euro-area member states in 2010 except Ireland.



Vol. 16 No. 2 Stress Tests of the Household Sector 217

Table 1. Indicators of the Financial Fragility of
Households and Estimated Loan Losses for Banks:
Survey Data and Historical Aggregates

Aggregate Historical | Survey-Based
Measures® Estimates
Negative Financial Margin, % — 13.0
Probability of Default, % — 5.2
Exposure at Default, % 3.4 3.4
Mortgages, % 2.8 3.2
Noncollateralized Loans, % 6.4 8.8
Exposure at Default, Mln. EUR 230.7 165.9
Mortages, MIn. EUR 163.0 147.4
Noncollateralized Loans, 67.2 18.5
Miln. EUR
Loss Given Default, % 0.8 0.4
Mortgages, % 0.5 0.0
Noncollateralized Loans, % 2.5 8.8
Loss Given Default, MIn. EUR 55.5 20.6
Mortgages, MIn. EUR, 29.8 2.1
Noncollateralized Loans, 25.8 18.5
Min. EUR
No. of Obs. 769
Sources: Authors’ calculations from Estonian Household Finance and Consumption
Survey data; the Bank Estonia statistics table 3.3.11 for the aggregate nonperforming
loans; and the Bank of Estonia credit risk model for loan loss provisions.
Note: Indebted households are defined as households with collateralized debt and
with consumer loans, not including leases, credit line overdrafts, and credit card debt.
aExposure at default is measured as the aggregate ratio of nonperforming loans with
debt payments 30 days or more past due in the survey period. Loss given default is
measured using the aggregate loan loss provisions of the commercial banks.

financial margin, the probability of default, etc. The first column
presents estimates based on the aggregate historical banking-sector
data from the survey period, i.e., the second quarter of 2013. The
second column presents survey-based financial fragility indicators,
which are calculated using the estimation methodology outlined in
the previous section. As discussed above, we have calibrated our
model so that the survey-based exposure at default rate meets the
actual historical nonperforming loan rate, which was 3.4 percent
during the survey fieldwork period. The microdata-based loss given
default rate (second column in table 1) is benchmarked against
the aggregate historical loan loss provision rate (first column in
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table 1). The historical data come from the Bank of Estonia credit
risk model.

The aggregate provision rates are higher than predicted by the
microdata, and there are two possible reasons for that. First, pro-
visions can also cover restructured loans, and second, the models
used by commercial banks for provisioning may be more conserva-
tive than our definition of loss given default. In their internal credit
risk models, banks usually use the estimate of the ready sale price of
the real estate, which might be only 75 percent or 80 percent of the
market value. Our definition of loss given default in the microdata
is less conservative and is based on the full market value of the real
estate. However, only a small number of loans have been written
off in Estonia, even in the aftermath of the Great Recession, which
suggests that banks have historically often been overprovisioning.
These differences are evident in figure B.1 in appendix B, which
illustrates the historical developments in the aggregate nonperform-
ing loan rate, the loan loss provision rate, and the write-off rate in
the household and corporate sectors.

According to the survey-based estimates presented in the sec-
ond column of table 1, the share of households with a negative
financial margin is 13.0 percent, which is similar in magnitude to
the average figure for the euro area of 12.3 percent (Ampudia, van
Vlokhoven, and Zochowski 2016) This share of households with a
negative financial margin corresponds to an average probability of
default of 5.2 percent and exposure at default of 3.4 percent. Expo-
sure at default is lower than the probability of default, which shows
that households with a high probability of default have smaller debt
stocks. This is in correspondence with the regularity that households
with noncollateralized loans are usually financially more fragile. The
value of loans exposed to default is EUR 165.9 million, which results
in loss given default of EUR 20.6 million. The number of indebted
households in the survey is 769, which corresponds to a share of
indebted households of 30.5 percent.

9The percentage of households with a negative financial margin for the euro
area is calculated using the Household Finance and Consumption Survey first-
wave results and with basic consumption defined as 20 percent of the median
income.
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3.3 Households” Financial Fragility: FEstimates Based on
Survey and Register Data

This section compares the estimated financial fragility indicators
that are based on the survey against the estimates based on data
from administrative sources. The composite survey-based measures
of household assets, liabilities, and income have been replaced one
by one by the corresponding estimates from administrative sources
to understand what effect their separate replacement has on finan-
cial fragility indicators. Table 2 presents the results. Column 2 in
table 2 reports the results where the survey-based household income
is replaced by administrative income data. The household incomes
derived from administrative sources tend to be lower than those
based on the survey, as the median yearly household disposable
income is EUR 8,100 according to the survey and EUR 7,500 accord-
ing to the administrative data (see appendix A). A possible reason
for this difference is that the survey also covers nonreported income,
at least in part. Alternatively, the difference may be caused by mea-
surement error, i.e., income overreporting by survey participants.
Lower estimated incomes for most of the percentiles from adminis-
trative sources raise the share of households with a negative financial
margin and result in a higher exposure at default rate and larger
losses for the banks.

The comparison of survey data with administrative records shows
that low-income households overreport their incomes and high-
income households underreport theirs in the Estonian Household
Finance and Consumption Survey. The same pattern has also been
detected in many earlier studies making such comparisons (e.g.,
Rodgers, Brown, and Duncan 1993; Bound et al. 1994; Pischke
1995). However, the turning point after which the survey-based esti-
mates are below the register-based estimates for income occurs at
a relatively high percentile of the income distribution in the Eston-
ian Household Finance and Consumption Survey. Business income
is underestimated in the register data, and the survey-based esti-
mates show higher values for this income component. Since wages
are the dominant form of income, however, they are the main source
of the differences between the survey data and the administrative
data. Notably, it is not the business income that generates a longer
right-hand-side tail for the income distribution in the administrative
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data, but the wage income. Unlike other forms of income, state pen-
sions are underestimated in the Estonian Household Finance and
Consumption Survey. This finding is also in correspondence with
the results of earlier studies, which generally indicate that income
from state transfers tends to be underestimated in surveys (Bound,
Brown, and Mathiowetz 2001).

The third column of table 2 reports the results when survey-
based measures of debt servicing costs and the outstanding balance
of loans are replaced by measures based on the data from adminis-
trative sources. The first outcome from this replacement is that the
share of indebted households increases to 37.1 percent, indicating
that the share of debt participation is underestimated in the survey.
Further analysis by debt components shows that the participation
in mortgages on the household main residence (HMR) is accurately
predicted, while the participation in other real estate loans and con-
sumer loans is underrepresented in the survey. The participation in
these two debt types is substantially different in the survey data and
the administrative data, as only 2.7 percent of households have other
real estate loans according to the survey but 7.4 percent do accord-
ing to the administrative data, while 13.2 percent of households have
consumer loans according to the survey and 25.8 percent do accord-
ing to the administrative data (see appendix A). The differences
between the survey and administrative data for the median values
of these debt types are not as substantial as those in the partici-
pation rates. One possible explanation for this tendency is respon-
dent fatigue, as the data on household main residence mortgages
are collected first, then the mortgages on other real estate, and then
the consumer loans. An alternative possibility is response bias, as
households may systematically underreport noncollateralized loans.
There is also evidence from the United States that households tend
to underreport the outstanding balance of consumer credit (Brown
et al. 2011).

Replacing the debt items from the survey with the ones based on
administrative sources adds households with relatively smaller loans
and loan servicing costs to the group of indebted households, and the
share of households with a negative financial margin decreases. How-
ever, as the total amount of loans covered increases, the exposure at
default and loss given default after this replacement are higher than
the results obtained with the survey-based measures.
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Lastly, we replace the values of all real assets and liquid financial
assets with the data from administrative sources. The probability
of default declines slightly as a result, indicating that liquid assets
are somewhat underreported in the survey. The estimated loss given
default more than triples as a result of this replacement, which shows
that the real estate values estimated from the data from admin-
istrative sources tend to be smaller than the survey-based values.
Surprisingly, the mean and median values for the household main
residence are higher in the survey data than in the administrative
data, while the opposite holds for other real estate (see appendix A).
However, as the participation rate is much higher in household main
residences than in other real estatd] and most of the outstanding
mortgages are collateralized by the HMR, this component is behind
the higher estimates of loss given default values based on the admin-
istrative data. The real estate prices from administrative sources are
based on regional transaction prices in the survey period. They may
overestimate or underestimate the value of the real estate in the
region because of possible composition bias. Even so, the difference
between the survey values and the administrative values is quite sub-
stantial, which indicates a possible overestimation of the real estate
values based on the self-assessments by households in the survey.
The tendency to overestimate the value of the real estate in surveys
relative to administrative data (or average transaction prices) has
also been found in some previous studies (see, e.g., Kiel and Zabel
1999 and Johansson and Klevmarken 2007). However, we are not
aware of previous research indicating that the bias in the valuation
of HMRs is positive in the surveys, while for other real estate it is
negative, as we find on the basis of the Estonian Household Finance
and Consumption Survey data set.

The fifth column of table 2 replaces all the components of the
financial margin with measures derived using the data from admin-
istrative sources. This replacement results in a somewhat higher

171 ike in debt components, there is also some evidence of survey fatigue if the
survey answers for other real estate items are compared with administrative data.
The questions about the HMR are asked first, followed by the questions on other
real estate items. It is evident that survey respondents underreport owning other
real estate. The participation rate for the HMR is 76 percent in the survey and
69 percent in the administrative data, while the participation in other real estate
is 32 percent in the survey and 39 percent in the administrative data.
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rate for the probability of default than the survey-based estimate,
together with substantially higher losses for the banks, especially
from mortgage loans. The values for loss given default estimated
on the basis of data from administrative sources are closer to the
aggregate historical loan loss provisions reported in the first col-
umn of table 1 than the survey-based baseline measures are. This
indicates that the estimates of real estate values by the commercial
banks are closer to the transaction prices from the register than to
the self-estimation by households in the survey.

Our estimates show that the financial distress indicators based
on survey data were lower than the measures based on administra-
tive sources. This implies that if countries use different methods for
collecting data, some using household interviews and others using
registers, it can undermine the comparability of the results. As most
similar studies use data from household interviews, it is likely that
the level of household distress has in general been underestimated.
The comparison of the survey and administrative data from Esto-
nia indicates that households tend to overreport their incomes and
the values of their HMRs and at the same time tend to underre-
port the outstanding balance of their loans. Although the finding
for incomes is not entirely backed by previous studies making simi-
lar comparisons (e.g., Pischke 1995), earlier research has also shown
that real assets, and real estate in particular, tend to be overreported
and liabilities underreported in surveys (Johansson and Klevmarken
2007, Brown et al. 2011). This indicates that net wealth tends to be
measured with an upward bias in the surveys. Therefore, risk assess-
ments for the household sector that are based on survey data should
in general underestimate the actual level of financial fragility relative
to estimations that are based on administrative records.

4. Household Stress Tests: The Effect of Shocks on
Financial Fragility

This section gives an overview of the stress tests based on the survey
and administrative data, presenting the results of standardized indi-
vidual shocks to three variables. The standardized shocks are defined
as shocks of one, two, and three standard deviations in the base
interest rate, unemployment, and real estate prices. The standard
deviation is calculated on the basis of quarterly data covering the
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period 2004:Q172013:Q2 which is the period from Estonia’s acces-
sion to the EU until the time of the survey fieldwork. It is assumed
that shocks occur instantaneously and that there is no feedback from
the financial sector to the real economy.

4.1 The Interest Rate Shock

First, we assess the effect of base interest rate shocks on the financial
fragility of households and on banking-sector losses from defaulting
loans. The base interest rate shock is assumed to affect only mort-
gage loan payments with adjustable interest rates, while mortgage
loan payments with fixed interest rates and noncollateralized loan
payments are assumed to remain unaffected by this shock 1 Mort-
gage loan payments with adjustable interest rates have two parts,
the principal and the interest payments. The payments of the prin-
cipal are unaffected by the shock, while the interest payments rise
because of the higher base rate. It is also assumed that the base
interest rate shock will affect the income earned from sight and sav-
ings accounts. However, the income from these sources is so small
compared with other income sources that it has almost no effect on
the financial margins of households.

As a result of increase in the base interest rate, the financial mar-
gin (FM;) in equation (1) will decrease for an indebted household i

12The earlier years were excluded, as they were affected by structural changes
caused by the transition from a planned economy to a market one. The market
for mortgage loans was practically non-existent in the 1990s, and interest rates
and the unemployment rate were substantially higher before EU accession than
after it. See more discussion about housing and mortgage market developments
in this period in Merikiill and R66m (2016).

13The Household Finance and Consumption Survey does not collect informa-
tion on whether noncollateralized loans have flexible or adjustable interest rates,
but it is known that most of these loans have fixed interest rates in Estonia.
As much as 67 percent of the consumer loan stock issued by banks had fixed
interest rates in the second quarter of 2013. These loans included leases for cars,
which usually have adjustable interest rates and are not covered by the House-
hold Finance and Consumption Survey (Bank of Estonia internal statistics from
the Financial Stability Department). So the actual share of fixed interest rate
loans among noncollateralized debt is even higher in the Household Finance and
Consumption Survey data. Therefore we assume that interest rate shocks do not
affect the servicing costs for noncollateralized loans, i.e., there is no pass-through
of the base interest rate shock to noncollateralized loans.
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because the increase in debt servicing costs (DP;) is larger than the
increase in disposable income (Y;). A lower financial margin in turn
leads to a higher probability of default depicted by equation (2) and
consequently to a larger amount of loans being exposed at default
(equation (3)) and higher loan losses given default (equation (4)).

The share of adjustable interest rate mortgages is 82 percent of
the total mortgage stock in the Estonian Household Finance and
Consumption Survey. This puts Estonia together with Luxembourg,
Malta, the Netherlands, Portugal, Slovenia, and Spain in the group
of countries with a relatively high share of adjustable-rate loans in
the euro area (see Ampudia, van Vlokhoven, and Zochowski 2014
for estimates for the other euro-area countries). Consequently, the
pass-through of this shock to the financial margin is relatively strong
in Estonia.

The most common base interest rate in Estonia is the six-month
EURIBOR. As much as 95 percent of all mortgage loans with
adjustable interest rates are tied to this base rate in the Estonian
Household Finance and Consumption Survey. The rest of the loans
are tied to the EURIBOR rates with other durations or to the com-
mercial banks’ own base rates. As the other base rates also follow
the dynamics of the six-month EURIBOR rate, all the adjustable
interest rate mortgages are assumed to be affected by the shock to
this variable.

The six-month EURIBOR was 0.318 percent at the time of the
survey and its standard deviation for the post-EU-accession period
was 1.413 percent. This means that shocks of one, two, and three
standard deviations correspond to rises in the EURIBOR rate from
0.318 percent to 1.1731 percent, 3.144 percent, and 4.557 percent,
respectively. Although a shock as large as three standard deviations
should capture extreme developments, the highest shocked value of
4.557 percent is still 0.5 percentage point smaller than the high-
est value seen in the sample period, which was 5.176 percent in
the second quarter of 2008. This indicates that the variation in the
EURIBOR rate has been quite low.

The results of the shock to the EURIBOR rate are presented
in table 3. For comparative purposes, we present the stress-testing
results using the survey data and the register data. Shocks of one,
two, and three standard deviations increase the share of households
with a negative financial margin by about the same magnitude,
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irrespective of whether these estimated effects are based on survey
or register data. The EURIBOR shock of three standard deviations
increases the share of households with a negative financial margin
by 18 percent (from 13 percent to 15.3 percent) according to the
survey data and by 21 percent (from 15.6 percent to 18.8 percent)
according to the register data.

Exposure at default reacts to interest rate increases substantially
more strongly according to the estimates based on the survey data
than it does according to the register data. In response to the shock
of three standard deviations, the EAD goes up to 5.9 percent from
the pre-stress level of 3.4 percent, i.e., it rises by 74 percent. By
contrast, the estimate of the EAD that is based on register data
goes up from the pre-stress level of 5.9 percent to 8.1 percent in
response to the shock of three standard deviations, which corre-
sponds to an increase of 37 percent. This difference in the magni-
tudes of reaction is partially explainable by a lower base level of the
EAD in the survey data than in the register data (3.4 percent versus
5.9 percent).

There are also differences between the survey and the register
data in the reaction of the LGD to the interest rate shock. The
potential losses from this shock are almost negligible according to
the survey data but quite substantial according to the register-based
estimates. The rise in the EURIBOR of three standard deviations
increases the loss given default by only 2 percent according to the
survey, while the LGD rate increases by 33 percent according to the
register data. These divergent results are caused by biases in the
survey estimates of liabilities and assets. The share of households
with negative equity is much bigger according to the register data
than according to the survey because households overestimate the
value of real estate and underestimate the value of liabilities in the
survey (see appendix A).

4.2 The Unemployment Shock

There are various ways to estimate the effect of an unemployment
shock on the household financial margin. The simplest approaches
assume equal unemployment risk across individuals (Johansson and
Persson 2006, Herrala and Kaukko 2007), while more advanced
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approaches assume idiosyncratic shocks to the probability of unem-
ployment, taking into account that individuals with different per-
sonal characteristics such as age, gender, and education have a differ-
ent propensity for becoming unemployed (Albacete and Fessler 2010;
Bilston, Johnson, and Read 2015; Galuscak, Hlavac, and Jakubik
2016; Ampudia, van Vlokhoven, and Zochowski 2014; and Banbuta
et al. 2015). The last three of the papers cited take a step further
and also model transitions from unemployment to employment on
top of the probability of becoming unemployed.

Given our focus on the effects of adverse shocks, only the increase
in the inflow from employment to unemployment is modeled in this
paper. It is assumed that individuals who are unemployed at the
time of the survey stay in unemployment after the shock. In addi-
tion, some individuals move from employment to unemployment, so
that the increase in the unemployment rate matches the size of the
shock. It is also assumed that the share of economically inactive
people is unaffected by the shock. So our modeling of the unemploy-
ment shock assumes that the new and higher unemployment rate is
caused by the change in one labor market flow, the flow from employ-
ment to unemployment, while other labor market flows remain
unaltered.

These assumptions follow the logic of any labor market in reces-
sion where first hiring is cut and then separation increases because
of adverse shocks (Davis and Haltiwanger 1999). The assumptions
are also in line with the developments in the Estonian labor market
during the Great Recession (see, e.g., Merikiill 2016). The unemploy-
ment rate mainly increased because of the high separation rate, while
the hiring rate was very low throughout the crisis years. Despite
the sluggish recovery of employment, job seekers did not switch
from unemployment to inactivity, and the activity rate remained
relatively stable over the boom, bust, and recovery.

The simulation of the unemployment shock is estimated using
the approach taken by Albacete and Fessler (2010). Unlike in
their analysis, unemployment is assessed at the individual level
and not at the household level, and currently unemployed indi-
viduals are assumed to stay in unemployment in this paper. The
shock is calculated in three steps. First, the predicted probabil-
ity of each individual being unemployed is calculated using the
logit model. Conventional regressors for the unemployment equation
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are used, such as gender, age, marriage, ethnicity, education, and
region

Second, the constant term in the unemployment equation is
manipulated to meet the new aggregate shock value of unemploy-
ment. Third, a random probability is drawn for each individual from
a uniform distribution between zero and one. The model-based pre-
dicted probability of unemployment is compared with the random
probability for each employed individual and if the predicted proba-
bility is larger than the random value, a switch from employment to
unemployment is assigned for that person. Individuals who become
unemployed are assigned new reduced gross incomes, which are equal
to the previous gross wage income times the average replacement
rate of 15 percent. The average replacement rate has been calcu-
lated using the crisis years of 2009 and 2010, which are taken as
a good predictor of the replacement rate under a negative labor
demand shock[1]

The new household-level disposable income (Y;) and financial
margin (FM;) are derived using equation (1), and the new values
of the aggregate financial fragility indicators are calculated. This
procedure is repeated 1,000 times using a Monte Carlo simulation,

14The marginal effects of the model are available from the authors upon request.
Men, unmarried individuals, people of non-Estonian ethnicity, those with lower
education, and those from Ida-Viru county have a higher probability of being
unemployed.

15 A1l workers who are involuntarily separated from work due to job destruction
are subject to unemployment insurance in Estonia. The insurance benefit is 50
percent of the previous wage for the first three months and 40 percent for up to the
next nine months dependent on the previous employment tenure. However, not
all workers are eligible for the unemployment insurance. According to the Labour
Force Survey, roughly 70 percent of workers who have moved from employment
to unemployment within a year are registered with the unemployment insurance
fund and, of these, only 50 percent receive unemployment insurance, while 25
percent receive unemployment benefit and 25 percent do not receive any trans-
fers. These regularities held during the crisis years of 2009 and 2010, when most
of the separations were due to job destruction. Given that we do not have enough
detailed information on employment tenure and that not all the workers are eligi-
ble to receive unemployment insurance, we used as a replacement rate the average
replacement rate of the crisis years from the Labour Force Survey. The income
of an unemployed person is assumed to consist of an unemployment insurance
payment, an unemployment benefit, and a training scholarship from the unem-
ployment insurance fund. The severance payment is not covered by the Labour
Force Survey. The size of the severance payment can be up to two months’ salary.
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and the effect of the unemployment shock is found as the average
value of financial fragility indicators from these 1,000 replications.
As a result of this shock, income will decrease for households where
household members have switched from employment to unemploy-
ment, and in these households the disposable income and financial
margin will decrease and lead to deterioration of the loans exposed
and losses given default.

The unemployment rate is 10.9 percent in the Household Finance
and Consumption Survey data, which is somewhat higher than the
official estimates from the Labour Force Survey, which were 10.0 per-
cent and 8.0 percent in the first and second quarters of 2013, respec-
tively. The standard deviation of the official seasonally adjusted rate
is 3.9 percent, which shows quite high variation for this variable. For
example, the shock of three standard deviations would increase the
sample unemployment rate to 22.8 percent, which is higher than the
historical quarterly maximum since 2004 of 18.8 percent.

The effects of the unemployment shocks are presented in table
4. For comparative purposes, we first present the estimated effects
that are based on survey data and then the results that are based on
the register data. Shocks of one, two, and three standard deviations
increase the share of households with a negative financial margin,
as well as the probability of default and the exposure at default
almost linearly. The share of households with a negative financial
margin increases more strongly than it did in response to the inter-
est rate shock. This shows that more households are affected by the
unemployment shock. In response to the shock of three standard
deviations, the share of households with a negative financial mar-
gin increases from the pre-stress level of 13 percent to 17.1 percent
according to the survey data and from 15.6 percent to 21.7 per-
cent according to the register data. The magnitude of this increase
is 32 percent in the survey data and 39 percent in the register
data.

The exposure at default is affected less strongly than in response
to the interest rate shock, which indicates that the households
affected by the unemployment shock usually have smaller loans than
the households affected by the interest rate shock do. In response
to the shock of three standard deviations, the EAD increases by
41 percent according to the survey data or by 29 percent according
to the register data. Thus register-based estimates indicate smaller
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sensitivity to unemployment shocks for this variable than survey-
based estimates do.

At the same time, the potential losses for the banks from the
unemployment shock are larger than those from the interest rate
shock. The LGD rate increases by 50 percent in response to the
shock of three standard deviations according to the survey data and
by 55 percent according to the register data. Evidently, households
that are more strongly affected by the unemployment shock have
higher loan-to-value ratios than households that are affected more
by the interest rate shock, which results in a larger exposure of banks
to the unemployment shocks.

4.8 The Real Estate Price Shock

The real estate price shock does not affect the financial margin of
households, since the financial margin is calculated using flow vari-
ables related to income and expenditures and does not depend on
the value of assets. This means that the probability of default and
exposure at default do not depend on the real estate price shock
either and this shock affects only loss given default, i.e., equations
(1)—(3) will not be affected. A fall in real estate prices increases loan-
to-value ratios and the number of households with negative equity.
The losses given default that are calculated using equation (4) will
increase because the value of assets that the bank can liquidate in the
event of a default (W;) will decrease and the number of households
“underwater” (¢;) will increase.

Real estate prices have historically been very volatile in Esto-
nia, which experienced a very strong boom-and-bust cycle in
house prices, culminating before the Great Recession. House prices
dropped by 50 percent between 2007 and 2009 in Estonia, and
while this was followed by a recovery in the real estate market,
house prices were still only at 70 percent of their highest histor-
ical value at the time of the survey. The volatile development of
real estate prices is reflected in the high standard deviation in this
variable. One standard deviation in the real estate price index cor-
responds to a fall of 24.4 percent in prices. This is much higher
than in other euro-area countries and is even substantially higher
than in Spain, the country with the highest standard deviation
in the study by Ampudia, van Vlokhoven, and Zochowski (2016),
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where it was 14.3 percent. Given the sizable standard deviation
in Estonia, a shock of three standard deviations cannot be con-
sidered realistic. The two-standard-deviation shock of 48.8 percent
corresponds to the decline in real estate prices during the Great
Recession.

The results of the real estate price shock are presented in table
5. For comparative purposes, we first present the estimated effects
that are based on survey data and then the results that are based on
the register data. Although it is only the losses from mortgage loans
that are affected by these shocks, they have a strong adverse effect
on loan losses. Losses given default increase by almost five times
(from 0.4 percent to 1.9 percent) according to the survey data and
by about 220 percent (from 1.1 percent to 3.5 percent) according to
the register data. There is also a strong nonlinearity in this reac-
tion, as the reaction in losses is much stronger to larger shocks. The
takeaway from this nonlinearity is that the bulk of households with
a negative financial margin have high loan-to-value ratios and the
deterioration in real estate prices drives them quickly into negative
equity.

As a result of the shock of three standard deviations, the expected
losses for banks are more than four times larger than the pre-stress
level and reach EUR 92 million according to the survey data and
EUR 197 million according to the register data. Although this is
a strong increase from the baseline scenario, the estimated level
of losses according to the survey is similar in magnitude to the
aggregate quarterly profits of the banking sector, which were about
EUR 90 million per quarter in 2011-13. The estimated level of
losses is about twice this value in the worst-case scenario accord-
ing to the register data. Thus, even in the case of an extreme decline
of 73 percent in real estate prices, the estimated losses from loan
defaults by the household sector are relatively easy for the commer-
cial banks to absorb.

The comparison of the effects of the three shocks implies that
interest rate shocks have the mildest effect, followed by unemploy-
ment shocks. Shocks to real estate prices do not affect the ability of
households to service their loans but have the strongest effect on the
estimated loan losses of the banks.

The finding that the financial fragility of households is more
sensitive to unemployment shocks than to interest rate shocks is
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similar to the earlier results for other Central and Eastern Euro-
pean countries, which also mostly indicate that unemployment rate
shocks have stronger adverse effects than interest rate shocks do (see
Galuscdk, Hlavac, and Jakubik 2016 and Hoéllo and Papp 2007).
It is in contrast with the findings for some Western European
and Nordic countries, which typically show the opposite pattern
(e.g., Johanssson and Persson 2006, Herrala and Kauko 2007, and
Albacete and Fessler 2010). Unemployment shocks have a stronger
effect on households’ loan servicing ability in Central and East-
ern European countries, including Estonia, because the income
replacement rate for those who become unemployed is lower in this
region.

However, the most harmful shock for financial stability in Esto-
nia is the decline in real estate prices, which leads to the largest
losses for the banks. This is related to the fast and substantial debt
accumulation of Estonian households and the historically volatile
real estate prices, so that the loan-to-value ratios of mortgage loans
are high and the simulated shocks of one, two, and three standard
deviations are very sizable and have a strong effect on the value of
real estate assets.

4.4 The Effect of Standardized Shocks across Households with

Different Characteristics

The previous subsections describing the effect of various shocks on
the financial fragility of households showed the aggregate reaction
to the deterioration in each shocked variable, but the discussion of
aggregate reaction did not say much about the heterogeneous reac-
tion of households. This subsection will review which households
are more vulnerable to shocks and which households are responsi-
ble for most of the loan losses that occur because of the shocks.
The households are grouped by four characteristics: net income,
net wealth, age of the household reference personE and household
size.

16The household reference person is defined following the Canberra definition
(United Nations Economic Commission for Europe 2011). See Merikiill and R66m
(2016) for a description of its derivation.
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Figure 1. Variation in the Probability of Default (%)
across Households with Different Characteristics and in
Response to Different Shocks

Survey data Register data
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Source: Authors’ calculations from the Estonian Household Finance and Con-
sumption Survey data.

Notes: “sd” stands for standard deviation. The value for households in the 75+
age group is not reported, as there were fewer than 20 such indebted households
in the sample.

The financial vulnerability of households is best captured by the
probability of default. Figure 1 shows the variation in the average
value of the probability of default across the household character-
istics listed above and for four scenarios: pre-stress, interest rate
shock of one standard deviation, unemployment shock of one stan-
dard deviation, and real estate price shock of one standard deviation.
Financial vulnerability is highest for low-income households but is
also above average for small households, low-net-wealth households,
and households with a middle-aged reference person. In general, the
survey and register data point to the same groups of vulnerable
households. The variation in the probability of default is strongest
across income groups, ranging from 40 percent for the lowest quintile
to near-zero values for the upper three quintiles.

There are also some differences between the survey and register
data in the sensitivity of the probability of default to various shocks.
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First, the household sector is relatively more vulnerable to the inter-
est rate shock according to the survey and relatively more vulnerable
to the unemployment rate shock according to the register. The possi-
ble reason for this is that noncollateralized loans are more important
in the register (see appendix A). Since these loans are unaffected by
the interest rate shock, they make the register-data-based estimates
less responsive to this shock. The strong responsiveness to the unem-
ployment shock in the register data can be explained by the lower
estimated income from the register (see appendix A), which makes
the financial margin more sensitive to income shocks from household
members becoming unemployed. The real estate price shock has no
effect on the probability of default, since it does not affect the flow
variables (income and expenditures) that drive the probability.

The second difference between the survey and register data is
the more dispersed distribution of the probability of default across
household groups in the survey than in the register. According to
the survey data, the probability of default is high for the first income
quintile but close to zero for the upper three quintiles. According to
the register data, the default risk is also quite high in the second
and third income quintiles. The probability of default is also more
dispersed across the wealth quintiles according to the register data
than according to the survey data.

Third, the reaction to shocks is also more concentrated accord-
ing to the survey than according to the register data. The effect of
the interest rate shock is clearly concentrated to households in the
45 to 54 age group in the survey, while the reaction is more equally
distributed across age groups in the register. It is hard to tell why
the distributions of probability of default differ like this in the sur-
vey and in the register. It may be that the survey data capture
extreme values or tails of the distribution better than the register or
it could be that some population groups systematically misreport in
the survey.

The differences in the effect of shocks across household charac-
teristics are more pronounced in the monetary value of loss given
default than in the probability of default. Loss given default is a
better characterization of the risks for lenders, as a high probabil-
ity of default does not necessarily imply high risks for the financial
sector if the amounts of debt involved are small. Figure 2 presents
loss given default in thousands of euros per household. Loss given
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Figure 2. Variation in Loss Given Default across
Households with Different Characteristics and
in Response to Different Shocks, in Thousands

of EUR per Household
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Notes: “sd” stands for standard deviation. The value for households in the 75+
age group is not reported, as there were fewer than 20 such indebted households
in the sample.

default is more concentrated in specific household groups than the
probability of default is. Households from the lowest income quintile,
from the lowest net wealth quintile, from the 45-54 age group, and
single-person households are responsible for the majority of losses.
The real estate price shock leads to larger losses for the banking
sector than the other standardized shocks do, and the effect of this
shock is the strongest for households in the lowest income and net
wealth quintiles.

Losses for the banks are again distributed with greater dispersion
in the register than in the survey, while both of the data sources
point to the same vulnerable segments of households. The results
are slightly different in the survey and register across household
size, as single-member households bear the largest risks for banks
according to the survey and two-member households do according to
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the register. The two-member households apparently have negative
equity much more frequently in the register than in the survey.

However, the main difference between the survey and register
data in the loss given default is the size of the losses—the reg-
ister data predict substantially larger losses than the survey data
do. There are two main reasons for this. First, the participation in
debt and the share of households with negative equity are higher
according to the register data than according to the survey (see
appendix A). Second, the share of households with negative net
value of housing equity is larger in the register data than in the
survey since households tend to overvalue their real estate holdings
in the survey. The second reason has the dominant role in driving
the result that losses from default are higher according to the regis-
ter data. The differences in debt participation rates account for only
one-fifth of the differences in losses given default, while the majority
of differences are caused by the share of households with negative
equity being larger in the register data.

5. Conclusion

This paper assesses the financial fragility of the household sector
using data for the same individuals from household interviews and
administrative registers. We employ a set of stress-testing exercises
in which the probability of default on loans is evaluated on the
basis of households’ financial margins and net liquid financial assets.
The analysis employs microlevel data from the Estonian Household
Finance and Consumption Survey.

The comparison of the survey and administrative data from
Estonia indicates that households tend to overreport their incomes
and the values of their real estate and at the same time tend
to underreport their outstanding balance of loans in surveys.
Although the finding for incomes is mostly not backed by pre-
vious studies making similar comparisons, earlier research has
also shown that real assets tend to be overreported and lia-
bilities underreported in surveys. This implies that net wealth
tends to be measured with an upward bias in surveys. There-
fore, risk assessments for the household sector that are based on
the survey data are likely to underestimate the level of financial
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fragility, relative to estimations that are based on administrative
records.

We assessed the financial risks of the household sector using three
indicators: households’ probability of default, exposure of loans to
default, and banking-sector loan losses from defaulting household
loans. Because of the biases described in the previous paragraph,
the estimated financial fragility indicators tended to be lower when
the estimates were based on the survey data, relative to the esti-
mates based on the administrative data. These differences were more
substantial for banks’ losses given default than for households’ prob-
ability of default. The probable reason for this is that the income
estimates from the survey and register data are more similar than
the estimates of assets and liabilities are.

After the assessment of the financial fragility indicators, we per-
formed stress tests to evaluate how sensitive the financial vulnerabil-
ity of the household sector is to adverse shocks. The stress-test elas-
ticities of household default rates and banking-sector loan losses were
assessed separately for three standardized negative macroeconomic
shocks: a rise in interest rates, an increase in the unemployment
rate, and a fall in real estate prices. The comparison of the effects of
these three shocks implies that interest rate shocks have the mildest
effect, followed by the unemployment shocks. Shocks to real estate
prices do not affect the ability of households to service their loans,
but they have the strongest effects on the estimated loan losses of
the banks.

The finding that the financial fragility of households is more
sensitive to unemployment shocks than to interest rate shocks in
Estonia is similar to the earlier results for other Central and East-
ern European countries, which also mostly indicate that unemploy-
ment rate shocks have stronger adverse effects than interest rate
shocks do (e.g., Galuscak, Hlavac, and Jakubik 2016, Héllo and
Papp 2007). It is in contrast with the findings for some Western
European and Nordic countries, which typically show the oppo-
site pattern (e.g., Johanssson and Persson 2006, Herrala and Kauko
2007, and Albacete and Fessler 2010). Unemployment shocks have a
stronger effect on the ability of households to service their loans in
Central and Eastern European countries, including Estonia, because
the income replacement rate for people who become unemployed is
lower in this region.
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The most harmful shock for financial stability in Estonia is the
decline in real estate prices, which leads to the largest losses for the
banks. This is related to the fast and substantial debt accumulation
of Estonian households during the boom years preceding the Great
Recession and the historically volatile real estate prices, so that the
loan-to-value ratios of mortgage loans were high in the survey year
of 2013 and the simulated shocks of one, two, and three standard
deviations had a strong negative effect on the value of real estate
assets.

The stress-testing exercises were performed separately on the sur-
vey data and on the register data. The effect of the adverse shocks
using the survey data was similar in percentage terms to that based
on the register data. However, since the pre-stress level of house-
holds’ financial fragility was larger according to the register data,
the resulting effects on the levels of financial indicators from the
shocks were substantially larger in the register data. This applies
especially to losses given default, which were up to four times larger
according to the register data than according to the survey data.
This result questions the comparability of stress-testing results from
survey and administrative data and implies that the risks to the
banking sector may be underestimated if the assessments are based
on household surveys.

Next, we studied the heterogeneity in households’ financial
fragility. This was done by grouping households on the basis of
different characteristics and evaluating the financial fragility indi-
cators and reaction to shocks across these household groups. The
households were grouped by four characteristics: net income, net
wealth, age of the household reference person, and household
size. Financial vulnerability varied the most across income quin-
tiles, and was the highest for low-income households. The prob-
ability of default ranged from 40 percent for the lowest quintile
to near-zero values for the upper quintiles. A similar pattern
could be observed for loss given default, which was substantial
for the lowest income quintile and fell to almost zero level for
the upper three quintiles. The sensitivity to shocks in the case of
loss given default was also the highest for low-income and low-
net-wealth households. This implies that most of the financial
risks from household loans are borne by low-income households in
Estonia.
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The heterogeneity in the financial vulnerability indicators of
households was studied separately using the survey data and reg-
ister data. In general, the survey and the register data pointed to
the same groups of vulnerable households, as both data sources indi-
cated that low-income households were the most vulnerable. The
distribution of risks tended to be more concentrated to low-income
and low-net-wealth households according to the survey data than
according to the register data, but these differences in concentration
were relatively small.

The stress-testing framework used in this paper can be extended
to assess the effect of changes in other variables, such as taxes or
consumer prices. In the future, similar stress-testing exercises can
be repeated using updated versions of the Household Finance and
Consumption Survey data. It will be possible to employ either the
future waves of the survey data, which will be collected at three-year
intervals, or simulated data, which can be compiled with a higher
frequency. Another avenue for further research is to perform stress
tests on survey and administrative data for other countries too. It is
important to understand differences in these data sources, as there
is an increasing tendency to use administrative data for assessing
financial risks.
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Appendix B. Trends in Loan Quality and Banking-Sector
Losses in Estonia

Figure B.1. Nonperforming Loan Rates, Loan Loss
Provision Rates, and Write-off Rates, 2004:Q1-2013:Q2
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Source: The Bank of Estonia statistics table 3.3.11 for the nonperforming loans,
and the Bank of Estonia credit risk model for loan loss provisions and write-offs.
Note: The nonperforming loan rate is based on loans past due by more than
30 days.
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We find that bank capital in the range of 15-23 percent of
risk-weighted assets would have been sufficient to absorb losses
in the vast majority of historic banking crises in advanced
economies. Further capital increases would have had only mar-
ginal effects on preventing additional crises. Appropriate cap-
ital requirements may be below this range, as banks tend to
hold capital in excess of regulatory minimums, and other bail-
in-able instruments can contribute to banks’ loss-absorption
capacity. While the long-term social costs associated with this
level of capital appear acceptable, the short-term costs of tran-
sitioning to higher bank capital may be substantial, which calls
for a careful timing of such transition.
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1. Introduction

A large part of the post-crisis policy debate has focused on the
appropriate levels of bank capital. Proponents of stricter regulation
emphasize the risks and inefficiencies associated with high leverage
and point to the exorbitant costs of the crisis (Admati and Hell-
wig 2014). Opponents of higher capital requirements believe that

*This paper is largely based on an IMF Staff Discussion Note, “Benefits and
Costs of Bank Capital.” We thank Harrison Hong (the editor), an anonymous
referee, Olivier Blanchard, Charles Calomiris, Maurice Obstfeld, and Thomas
Philippon for useful comments, and Nicola Babarcich, Francesca Caucci, Jae
Chung, Paola Ganum, Huy Nguyen, and Yangfan Sun for excellent research
assistance. The paper represents the views of the authors, and not those of the
IMF, ECB, or their respective management or executive boards. Authors’ e-mails:
jdagher@imf.org; gdellariccia@imf.org; luc.laeven@ecb.int; lev.ratnovski@ecb.int;
htong@imf.org.

249



250 International Journal of Central Banking March 2020

Table 1. Basel I, Basel II, and Basel III Capital
Requirements (percent of risk-weighted assets)

Basel I|Basel 11| Basel III?

Quantity of Capital

Minimum Total Capital 8.0 8.0 8.0

Capital Conservation Buffer” NA NA 2.5

Minimum Total Capital Plus NA NA 10.5
Conservation Buffer

Countercyclical Buffer? NA NA 0-2.5

Global Systemically Important Banks NA NA 1-2.5
(G-SIB) Surcharge®

Minimum Total Capital Plus 8.0 8.0 11.5-15.5

Conservation Buffer,
Countercyclical Buffer, and G-SIB

Charge
Leverage Ratio® NA NA 3.0
Quality of Capital
Minimum Common Equity Capitald NA NA 4.5
Minimum Tier 1 Capital 4.0 4.0 6.0
Hybrid Capital Instruments with Eligible | Eligible |Not Eligible

Incentive to Redeem®

Source: Bank for International Settlements (2011, 2013).

2Effective as of 2019. bConsisting of tangible common equity. “Ratio of tier 1 capital to
total assets. 4Goodwill and deferred tax assets are to be deducted in the calculation of
common equity tier 1 capital. “Hybrid capital instruments with an incentive to redeem
through features such as step-up clauses, which under Basel II counted toward tier 2 cap-
ital and up to 15 percent of the tier 1 capital base, are no longer eligible as capital. Under
Basel III only dated subordinated debt is deemed tier 2 capital.

these would increase the cost of financial intermediation and hinder
economic activity (Institute of International Finance 2010). Some
also caution that tighter regulation might push intermediation out of
the banking system and into unregulated entities, possibly increasing
systemic risk.

According to the prevalent view, pre-crisis bank capitalization
proved insufficient to absorb crisis-related bank losses. In response,
Basel III raised minimum bank capital requirements from 8 percent
to up to 15.5 percent of risk-weighted assets, when all surcharges are
activated (table 1). It also introduced a leverage ratio requirement
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Figure 1. Tier 1 and Total Capital Ratios for Large
Global Banks since 2000
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and raised the quality of capital by tightening eligibility require-
ments for instruments included in the numerator of regulatory ratios
(including requiring a larger fraction of regulatory capital to consist
of tangible common equity). Some jurisdictions opted for even higher
standards. For example, Switzerland is enforcing 19 percent capital
ratios for its largest banks. These changes have boosted bank capital
ratios throughout the advanced economies (figure 1).

Against this background, a key question for bank regulation is
whether these reforms have gone too far or not far enough. Put dif-
ferently, what is the socially optimal bank capitalization? Providing
an answer to this question in its general form is likely impossible.
That would require defining a social welfare function, estimating
the effect of bank capital on the cost and availability of credit, the
probability and severity of banking crises, and the effect of banking
crises on output and output volatility. The results of such an exercise
would be highly dependent on the models and parameters chosen:
the rigor would conceal a large degree of judgment.

This paper takes a different, less ambitious path to evaluating
bank capital ratios. We ask what capital buffers would have been
sufficient to absorb bank losses through equity in a large majority
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of past banking crises. Once the sufficient bank capital ratios are
established, we verify that the costs of implementing such capital
ratios appear acceptable. We call this “a seawall approach”: akin to
the analysis that goes into building a seawall, we assess the height
of a wall that can absorb plausible large waves, then confirm that
the cost of such a seawall is bearable. This reduced-form perspec-
tive has the benefit of reducing the number of assumptions relative
to general equilibrium models, thus increasing the robustness and
transparency of our findings.

Our seawall approach leads to robust results. We find that bank
capital in the range of 15-23 percent of risk-weighted assets would
have absorbed bank losses in most past banking crises in advanced
economies. The marginal benefits of bank capital decline once banks’
capital ratios reach 15-23 percent of risk-weighted assets. The reason
is that the more extreme crises are rare and would require substan-
tially more capital to manage them. The 15-23 percent inflection
region for the marginal benefits of bank capital is robust to various
alternative estimates—among others, using data on bank loan losses
or on public recapitalizations of banks, considering bank loan losses
or also securities losses, using industry-average bank capital or indi-
vidual bank capital, etc. As such, a sharp inflection in the marginal
benefits of bank capital in the 15-23 percent risk-weighted capital
ratio range suggests that, for a wide range of possible costs of bank
capital, optimal bank capital is within that range.

The inflection point in the marginal benefits of bank capital is
less pronounced and occurs at higher capital ratios for emerging
market and developing economies, where banking crises have often
been associated with larger bank losses. This asymmetry highlights
the complementarity of capital and institutional improvements (in
regulation, supervision, and resolution) in reducing expected losses
in a possible banking crisis. Further, reminiscent of the debate on
sovereign debt sustainability, it stresses the correlation between the
magnitude and frequency of macroeconomic shocks and the size of
the buffers necessary to confront them.

It is important to be careful in relating our findings to capi-
tal regulation. First, our results are in terms of actual bank capital
rather than minimum capital requirements. Banks tend to maintain
buffers over minimum capital requirements, and can draw on those
buffers in stressed periods. Second, tighter liquidity regulation and
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more stringent overall supervision (including detailed stress-testing)
of banks in the wake of the crisis could have reduced bank risk for any
given level of bank capital, compared with pre-crisis levels. Third,
while this paper focuses exclusively on bank capital as a means to
absorb bank losses, other bail-in-able instruments can contribute to
loss-absorption capacity. For these reasons, optimal capital require-
ments can be somewhat below the 15-23 percent range identified in
our analysis. This makes our findings consistent with the upper range
of Basel III capital requirements and with the total loss-absorbing
capacity (TLAC) standards for systemic bank institutions (Bank
for International Settlements 2016) Finally, we abstract from the
beneficial effect higher capital might have on bank risk taking and
expected nonperforming loans (NPLs).

The paper proceeds as follows. Section 2 reviews the literature on
the benefits and costs of bank capital. Section 3 presents estimates
of bank capital ratios sufficient to absorb losses in past banking
crises using alternative “seawall” approaches. Section 4 discusses
the robustness of these estimates. Section 5 reviews evidence on the
costs of bank capital. Section 6 concludes.

2. Theoretical Background: The Benefits and Costs of
Bank Capital

Higher bank capital has several benefits from a financial stability
perspective, but might also impose costs on banks and society. In
an idealized Modigliani-Miller (1958; henceforth MM) world without
tax deductibility of interest rate costs, bankruptcy costs, or agency
problems, bank leverage does not affect social welfare (or bank prof-
its). In this world, capital requirements are at the same time costless
and irrelevant. In practice, however, several frictions imply that the
MM paradigm does not apply (at least to banks), and that capital
may affect the way banks behave and their profitability. In particu-
lar, asymmetric information entails significant agency problems and
externalities magnify the social cost of bank failure. Then, capital

1See Zhou et al. 2012 and Flannery 2014 for a discussion of the relative bene-
fits and costs of bail-in-able instruments compared with bank equity in providing
loss-absorption capacity.
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can play an important role in aligning banks’ incentives with social
welfare.

2.1 Benefits

First, capital serves as a buffer that absorbs losses and reduces the
probability of bank failure. This protects bank creditors and, in sys-
tems with explicit or implicit public guarantees, taxpayers. Second,
capital has a preventative role by improving incentives for better
risk management. When asymmetric information prevents creditors
from pricing bank risk-taking at the margin, banks operating under
the protection of limited liability will tend to take excessive risks.
Capital can limit these excesses by increasing shareholders’ “skin in
the game”—the amount of equity at risk in the event of bank fail-
ure (Marcus 1984; Myers and Majluf 1984; Keeley 1990; Esty 1998;
Hellman, Murdock, and Stiglitz 2000; Matutes and Vives 2000;
Repullo 2004). This includes the role of bank capital in helping mini-
mize market discipline distortions associated with deposit insurance
and implicit government “too-big-to-fail” guaranteesEI

Market forces push banks to maintain some positive level of
capital. For example, higher capital helps banks attract funds
(Holmstrom and Tirole 1997), maintain long-term customer relation-
ships (Allen, Carletti, and Marquez 2011), and carry risks essential
to lending (Calem and Rob 1999; Perotti, Ratnovski, and Vlahu
2011). However, it is widely accepted that these forces are not suf-
ficient to ensure that the market equilibrium bank capital levels
deliver a welfare-maximizing allocation. Put differently, the frictions
discussed above imply that the private return to capital is lower
than the social return. Thus, banks will tend to hold less capital
than what is socially optimal. This provides a rationale for regu-
lation aimed at increasing bank capital relative to the laissez-faire
equilibrium (this typically comes in the form of risk-weighted min-
imum capital requirements and more recently of caps on leverage
ratios).

2Some have argued that how bank ownership is distributed matters. When
bank equity is held by outside investors with high risk preferences or concen-
trated ownership, it may increase bank risk-taking (Laeven and Levine 2009).
Indeed, passive outside investors are likely to have a limited disciplining role.
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2.2 C(Costs

In analyzing the costs of bank capital, it is important to distinguish
between the transition and steady-state impact of higher capital
requirements. The costs associated with the transition to heightened
capital requirements are not relevant at the steady state. These are
costs stemming from raising new external equity or/and reducing
the growth of assets. Equity issuance is subject to non-negligible
underwriting fees, usually of 5-7 percent. Also, there are signaling
costs: issuing equity may require substantial discounts when incum-
bent investors and managers have information about the firm that
new equity investors do not have (Myers and Majluf 1984). There-
fore, one would expect that any rapid increase in mandatory capital
ratios would take place at least partially through an adjustment of
bank assets, with potentially large negative effects on credit and
macroeconomic performance.

In principle, the signaling cost should be low for gradual, reg-
ulatory increases in bank capital that affect the whole financial
system (and therefore imply no hidden information on individual
bank conditions). And the transition costs could be mitigated by
giving banks time to adjust their balance sheets gradually. This
might enable banks to increase capital using retained earnings or
external capital issuance timed to beneficial market conditions. The
caveat is that the benefits of regulatory gradualism might be limited
if market pressures force banks to adjust to new capital standards
rapidly.

The steady-state costs of higher capital requirements are those
that occur after a permanent change in the funding mix of banks is
completed. Some of the costs associated with a heavier reliance on
equity are similar for banks and nonfinancial firms. For example, in
many jurisdictions, debt has a more favorable tax treatment then
equity (De Mooji 2011). Aside from tax issues, equity can be cost-
lier if, due to some frictions, a decrease in leverage does not lower
the banks’ required return on equity. Yet the nature of these fric-
tions requires a deeper discussion to understand the social welfare
implications of higher bank capital.

The most notable reason why lower bank leverage may not pass
through into a lower required return on equity is that deposits
and other debt liabilities often benefit from subsidized safety net
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protections, including deposit insurance and too-big-to-fail subsidies
that benefit bank debt more than bank equity (Kane 1989). Junior
debt holders and uninsured depositors suffered minimal losses dur-
ing the recent crisis, especially when compared with shareholders. As
a result, banks’ overall costs of funding may increase with greater
equity finance. Yet this increase in banks’ cost of funding is pri-
marily a private cost to banks. While it might affect the cost and
availability of bank credit, at the same time it reduces the distor-
tions associated, for example, with the fiscal and incentives effects
of expected bailouts.

Other notable costs stem from the fact that whereas for a non-
financial firm leverage is a funding decision, for a bank its debt is
also an output. The literature suggests that some economic agents,
so-called cash investors, value bank debt for its high (often imme-
diate, for deposits) liquidity and safety. When banks replace debt
with equity, this destroys some economic value intrinsic to bank debt
(Song and Thakor 2007; DeAngelo and Stulz 2013; Allen, Carletti,
and Marquez 2015)E This reduces the cash investors’ surplus, along
with bank profits, and can harm bank borrowers through a higher
cost of credit.

The existing literature has put forward several reasons why some
investors value liquid and nominally safe assets such as bank debt.
The hypotheses include liquidity insurance and convenience (Bryant
1980; Diamond and Dybvig 1983; Gorton and Pennacchi 1990;
Caballero and Krishnamurthy 2008), agency costs in the money
management of corporations and sovereigns that make them eschew
any investment risk (Caballero and Krishnamurthy 2008), or the
usefulness of risk-insensitive claims as a transactions medium (Dang
et al. 2017). Empirical studies document the demand for safe and
liquid assets (Gorton, Lewellen, and Metrick 2012), confirming the
presence of cash investors in financial markets [ Krishnamurthy and
Vissing-Jorgensen (2012) and Greenwood, Hanson, and Stein (2015)
estimate the risk-adjusted premium of Treasuries over other bonds

30f course, banks need to maintain some equity to ensure that their debt is
safe and liquid in most states of the world (Hellwig 2014). But equity above that
would crowd out socially valuable bank debt.

4The hypothesis of investors’ preference for safe and liquid assets is often used
also in the analysis of shadow banking; see Gennaioli, Shleifer, and Vishny (2012,
2013) and Claessens, Ghosh, and Mihet (2013).
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to be —50 to —70 basis points; this can be taken as an estimate of
the funding cost advantage inherent in safe and liquid bank debt
too.

Finally, a related but separate issue is the role short-term debt
can play in disciplining banks (Calomiris and Kahn 1991; Diamond
and Rajan 2000; Kashyap, Rajan, and Stein 2008). This relates
more to the composition of bank debt than bank leverage per se.
The argument is that without demandable debt that gives creditors
the ability to “run” on weak banks, banks would engage in riskier
behavior. However, the crisis has led some to question the role that
short-term debt can play in protecting financial stability: it provided
little discipline before the crisis but contributed to extreme, across-
the-board, runs once the crisis hit (Krishnamurthy 2010; Huang and
Ratnovski 2011; Gorton and Metrick 2012). Moreover, it is unclear
why market discipline cannot be provided by only small amounts of
short-term bank debt.

2.8  Systemic Implications

The analysis of the costs and benefits of bank capital acquires
additional dimensions when the focus shifts from the stability of
individual institutions to that of the financial system as a whole.
Individual bank distress may propagate to other banks through
direct interbank exposures, fire sales, and contagious panics (Allen
and Gale 2000; Gale and Ozgiir 2005; Admati et al. 2010; Admati
and Hellwig 2014). Then, a bank’s higher capitalization, by reduc-
ing the probability of its distress, helps avoid the associated systemic
spillovers.

Moreover, competitive pressures may act as a systemic multi-
plier of the beneficial effects of individual banks’ capital. Weak or
“zombie” banks taking excessive risks (including by reducing lend-
ing standards and intermediation margins) may force healthy ones
to engage in similar practices to protect their market share. And, to
the extent that bank shareholders and creditors cannot fully evalu-
ate a bank’s risk-adjusted performance, similar pressures will bear
as bank managers at healthy banks attempt to match the riskier
banks’ profitability (Caballero, Hoshi, and Kashyap 2008).

The level and distribution of capital across a banking system
may also matter. Sufficient aggregate capital may enable strong
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banks to acquire weak institutions (Acharya, Engle, and Richardson
2012). In other cases, healthy banks may curtail lending if they
expect macroeconomic conditions to be negatively affected by
the reduction in credit supply due to weakness at other banks
(Bebchuk and Goldstein 2011). Related, the risk of contagion asso-
ciated with weakness at a systemic bank may reduce the incentives
for acting prudently at other banks (Dell’Ariccia and Ratnovski
2013).

On the cost side, higher bank capital requirements may affect
the allocation of activities across different financial intermediaries.
In particular, “too high” capital requirements may trigger a migra-
tion of activities from banks to less-regulated parts of the financial
system and thus increase systemic risk (Goodhart 2010; Martin and
Parigi 2013; and Plantin 2015)

2.4  The Balance of the Benefits and Costs of Higher Bank
Capital

The papers that examine the balance of the benefits and costs of
higher bank capital reach varying conclusions, depending on their
assumptions and methodologies. At one end of the spectrum, Admati
et al. (2010) and Admati and Hellwig (2014) argue that higher bank
capital is not socially costly thanks to a nearly complete MM offset.
Moreover, they argue that higher bank capital enhances the liquidity
of bank debt. This compensates for its lower volume and keeps the
value of safe asset premiums in the banks’ cost of funding essentially
constant. Overall, they argue for a 20 percent bank leverage ratio,
corresponding to a 35 percent bank risk-weighted capital ratio. Our
analysis suggests that additional capital beyond the 15-23 percent
range has low benefits in terms of preventing additional banking
crises.

5 Another argument against “too high” bank capital is that while higher capi-
tal requirements reduce bank risk, they may at the same time increase borrowers’
risk. This may occur when high capital requirements dampen interbank compe-
tition, increasing the cost of credit and inducting risk-shifting by bank borrowers
(Boyd and De Nicolo 2005; Hakenes and Schnabel 2011). Or it may occur when
high capital makes banks tolerant of risky lending, and firms take risk without
the fear of being denied credit (Gornall and Strebulayev 2018).
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On the opposite end of the spectrum, the Institute of Interna-
tional Finance (IIF) (2010) argues that any increases in bank capital
can substantially affect the availability and cost of bank credit. In
this argument, the focus is heavily on the transitional costs of higher
bank capital, highlighting two concerns. The first is that heavy
equity issuance may be costly during times of high economic and
regulatory uncertainty. Whereas the IIF conjectures that increases
in bank capital are therefore undesirable, we suggest that the cost
of equity is minimized when higher bank capital requirements are
imposed gradually. The second ITF concern is that the past costs
of equity issuance affect the required rate of return on bank equity
going forward. This argument appears less valid when the increase
in bank capital is a one-off event. Overall, as we highlight in our
analysis, the relatively healthy post-crisis dynamics of bank credit
do not validate the IIF (2010) views.

Among other papers, Miles, Yang, and Marcheggiano (2013),
Firestone, Lorenc, and Ranish (2017), and Barth and Miller (2018)
use a common method but alternative data sets to assess the ben-
efits and costs of bank capital. The benefits of bank capital are
estimated from historical data (including those from the 19th cen-
tury) on the link between bank capital, the probability of bank-
ing crises, and output losses in banking crisis. The caveat is that
historical data may misrepresent the contemporary link between
bank capital and the probability of banking crises, while the esti-
mation of output losses relies on the assumptions regarding the
counterfactual. Both papers allow for an incomplete MM offset
in the cost of bank capital. The estimated optimal risk-weighted
bank capital is 16-20 percent in Miles, Yang, and Marcheggiano
(2013), within our range; 13-26 percent in Firestone, Lorenc, and
Ranish (2017), wider than our range; and 26 percent in Barth
and Miller (2018), above our range. The Bank for International
Settlements (BIS) (2010) and Cline (2016) use a common model-
based method to assess the benefits of higher bank capital, and
also allow for an incomplete MM offset in the cost of bank capi-
tal. Their estimates of optimal bank capital are 10-12.5 percent and
12-14 percent, respectively, below our range. The Federal Reserve
Bank of Minneapolis (2017) replicates the analysis of our paper
and suggests optimal bank capital of 23 percent, at the top of our
range.
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3. Bank Capital: A Seawall Approach

The analysis above suggests that bank capital levels position a bank-
ing system on a tradeoff between financial stability and the cost of
financial intermediation. Implicit in this tradeoff is the notion that
there exists an “optimal” level of capital that maximizes some aggre-
gate welfare function with output growth and volatility as ultimate
arguments and bank stability and the cost and availability of credit
as intermediate ones.

Estimating this optimal level of bank capital is, however, a com-
plex task. It requires defining a social welfare function, estimating
the effect of bank capital on the cost and availability of credit, the
probability and severity of banking crises, and the effect of credit
availability and banking crises on output and output volatility. Such
an exercise would require simplifying assumptions, likely making its
results too model-, bank-, and sample-specific to provide convincing
policy guidance.

Against this background, we take a different, less ambitious path
to evaluating the pros and cons of higher/lower bank capital ratios.
We ask what capital buffers would have been sufficient to absorb all
bank losses through equity in most of past banking crises. We think
of this as a “seawall approach”: choosing the height of a seawall that
historically most often would have been sufficient. We perform this
analysis based on two types of data. First, in section 3.1, we use
data on nonperforming loan ratios in past banking crises and ask
how much bank capital would have been enough to absorb the loan
losses. Second, in section 3.2, we use data on public recapitalizations
of banks and ask how much capital would have been enough to pre-
vent those. It turns out that the results based on two different types
of data are very similar, giving us comfort as to the robustness of our
findings. Once the “sufficient” bank capital ratios are established, we
verify in section 5 that the costs of implementing such capital ratios
are acceptable.

3.1  Bank Capital Sufficient to Absorb Bank Loan Losses

The first approach considers the capacity of banks to absorb loan
losses. We consider NPL ratios in past banking crises and ask how
much capital banks would have needed to absorb loan losses and
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Figure 2. Peak NPL Ratios in Banking Crises in OECD
Countries
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maintain positive equity, thus avoiding losses to creditors (cf. Rat-
novski 2013). We base the analysis on the historic banking crises
NPL data for OECD (Organisation for Economic Co-operation and
Development) countries from a newly updated data set by Laeven
and Valencia (2018). Figure 2 summarizes this data, showing peak
NPL ratios during respective crises

To convert NPLs into bank capital ratios needed to absorb loan
losses, we proceed in four steps. Each step is associated with assump-
tions on specific conversion parameters. We rely on the literature to
establish the baseline parameters and the confidence range (stressed
scenario) parameters. Overall, this approach implies that the result-
ing “sufficient” loss-absorbing capital is better discussed in terms of
ranges rather than point estimates.

First, we convert NPLs into loan losses, by adjusting the nonper-
forming loan ratio for loss given default (LGD). Unfortunately, there
is limited cross-country data on loss given default. For the baseline,
we use estimates for the United States suggesting that the mean

SWe abstract, in this exercise, from potential differences in accounting and
prudential requirements regarding NPLs across countries and over time, an issue
that is hard to circumvent.
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loss given default over 1970-2003 was about 50 percent on average
in normal times (Schuermann 2004; Shibut and Singer 2014; John-
ston Ross and Shibut 2015). In a robustness scenario, we allow for
LGD of up to 75 percent, to reflect possibly higher LGD in systemic
banking crisis times. Second, we establish a share of bank losses that
can be absorbed by prior provisioning. In the United States, loan
loss provisioning averaged about 1.5 percent historically. In Spain,
dynamic provisioning achieved similar buffers prior to the 2008 finan-
cial crisis (Saurina 2009). Therefore, loan loss reserves of about 1.5
percent seem a reasonable assumption. Third, we compute capital
ratios that would enable banks to absorb the estimated losses and
remain in positive equity. For this, we take bank capital equivalent
to loan losses net of provisions and add an additional 1 percent of
capital as a margin of safety in the baseline. The idea is that positive
post-crisis bank capital enables the government to sell off the weak
bank without a fiscal injection (which is essential to sell a bank with
negative capital). In a robustness scenario, we allow for a higher
margin of safety. Finally, we convert resulting unweighted capital
needs into risk-weighted capital by applying a 1.75 ratio of total
assets to risk-weighted assets (RWA), corresponding to the average
such ratio for U.S. banks (Avramova and Le Lesle 2012). In another
robustness scenario, we use a 2.5 ratio, corresponding to this ratio
in Spanish banks (the highest in OECD countries).

Overall, the baseline formula that converts loan losses in a
banking crisis into the risk-weighted capital ratios needed to absorb
them is

Bank capital = (NPL * LGD — Provisions + Margin of safety)
* (TA / RWA).

Table 2 illustrates our calculation. In the baseline (column 1), a
hypothetical 18 percent NPL ratio corresponds to 9 percent loan
losses, and loan losses net of provisions of 7.5 percent of total loans.
To cover with a margin of safety 7.5 percent loan losses net of provi-
sions, a bank needs an 8.5 percent leverage ratio, corresponding to
approximately 15 percent risk-weighted capital ratio. Higher LGD,
lower risk weights, or higher margins of safety (columns 2—4) increase
the corresponding bank capital ratio to up to 23 percent.
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Table 2. Example: Capital Needed to Absorb NPLs Equal
to 18 Percent of Assets (all values in percent)

Higher| Higher |Higher
Baseline| LGD |TA/RWA |M.O.S.
(1) (2) (3) (4)
NPL during a Banking Crisis 18.0 18.0 18.0 18.0
Loss Given Default 50.0 75.0 50.0 50.0
Loan Losses (1*2) (Mean 91.0 13.5 9.0 9.0
Point)
Absorbed by Prior 1.5 1.5 1.5 1.5
Provisioning
Loan Losses Net of 7.5 12.0 7.5 7.5
Provisions (3-4)
Margin of Safety (Residual 1.0 1.0 1.0 3.0
Capital)
Capital-to-Assets Ratio or 8.5 13.0 8.5 10.5
Leverage Ratio (5+6)
Total Assets/RWA 175.0 175.0 250.0 175.0
Capital Ratio (Percent of 14.9 22.8 21.3 18.4
RWA) (7*8)

We then use the transformation above applied to the distribution
of NPL ratios in past banking crises to transform a given bank capi-
tal ratio into the share of banking crises in which it could fully absorb
loan losses. Figure 3 reports the share of advanced-economy bank-
ing crises in which banks would have maintained positive equity as
a function of hypothetical bank risk-weighted capital ratios. We plot
the function for the baseline (light gray line) as well as for a stressed
scenario corresponding to LGD of 75 percent (as in column 2 of table
2, darker line). A line for a stressed scenario corresponding to lower
risk weights (column 3 of table 2) is similar to the higher-LGD sce-
nariol] A higher margin of safety (column 4 of table 2) yields results

"To the extent that such higher total assets to risk-weighted assets conver-
sion ratio corresponds to safer bank portfolios, it would arguably correspond to
lower loss-given-default estimates, thus partly compensating for its direct effect
on bank capital needs. Note that we use historic conversion ratios that account
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Figure 3. Share of Banking Crises without Creditor
Losses in OECD Countries

Share of banking crises avoided

0.8
0.6
0.4

0.2

Risk-Weighted Bank Capital Ratio, percent

0 10 20 30 40 50

e Baseline parameters Stressed parameters

in between the baseline and the stressed scenario; varying the mar-
gin of safety within reasonable bounds does not significantly affect
the range of estimated bank capital needs.

The baseline schedule suggests that, in OECD countries, the mar-
ginal benefit of additional capital from a loss-absorption point of
view is relatively high until a 15 percent risk-weighted capital ratio
(which enables banks to absorb losses in more than 80 percent of
banking crises). The marginal benefit of additional capital declines
rapidly after that. This means that attempting to absorb bank losses
in a few exceptionally extreme crises requires very high capital ratios.
For the stressed scenario, the inflection point is close to 23 percent
of risk-weighted assets. Notably, the baseline result is relatively close
to the model-based estimates in BIS (2010) that suggest that capi-
tal of 15 percent would avoid imposing losses on creditors in about
90 percent of banking crises

for the fact that some banks may engage in “strategic risk-weighting” (Enrich
and Colchester 2012; Mariathasan and Merrouche 2014).

81t is useful to compare the parameters underlying our analysis with the para-
meters from recent U.S. and European bank stress tests. In the 2015 U.S. stress
test (Board of Governors of the Federal Reserve System 2015), the “severely
adverse scenario” led to 4.5 percent loan losses and a loss of 5.5 percentage points
of risk-weighted bank capital. In the 2014 European Banking Authority (EBA)
stress test (EBA 2014), the “adverse scenario” led to 2.3 percent loan losses that
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3.2 Capital Sufficient to Avoid Public Recapitalizations
of Banks

The next approach uses alternative data and considers how much
capital banks would have needed to avoid public recapitalizations
during past crises. The working assumption is that, historically, post-
crisis bank recapitalizations brought banks to the minimum level of
capital needed for viability. If this assumption is correct and if, prior
to the crisis, banks had had capital equivalent to the sum of actual
pre-crisis capital and the post-crisis public capital injection, then,
other things remaining equal, no public recapitalizations would have
been required.

We combine data from Bankscope on average capital ratios by
country in 2007 in banking systems of OECD countries that expe-
rienced a crisis over the period 2007-13 with data from Laeven and
Valencia (2018) on the fiscal outlays associated with bank recapital-
izations (with both variables being expressed as percentages of total
risk-weighted assets of the banking system in each country). The
sum of pre-crisis bank capital levels and public bank recapitalization
injections is shown in figure 4.

Figure 5 uses the data summarized in figure 6 to relate hypothet-
ical pre-crisis bank capital levels to the share of public recapitaliza-
tion events that they would have helped avoid. Consistent with our
previous findings, the marginal benefit of additional capital in terms
of avoiding public recapitalization episodes is relatively high until
15-17 percent risk-weighted capital ratios (which help avoid public
recapitalizations in 75 percent of banking crises). The marginal ben-
efit of bank capital declines rapidly after that. The results from data
on public bank recapitalization expenses are therefore highly consis-
tent with our previous estimates based on NPL data—both confirm

induced a loss of 4.4 percentage points of bank capital. Two observations are
worth emphasizing: First, loan losses corresponding to the 85th percentage of
banking crises (as used in our analysis) are two to four times as high as losses
in the U.S. and European stress tests (which, being stress tests over plausible
outcomes, consider relatively milder scenarios than those of a full-blown crisis).
This highlights the conservative nature of our estimates. Second, our analysis
employs a coefficient of 1.75 to convert loan losses into losses in risk-weighted
capital; this is in between the coefficients of 1.25 and 1.9 implied by U.S. and
European stress tests. (A smaller coefficient in U.S. stress tests is a product of
low predicted losses on bank securities holdings.)
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Figure 4. Pre-crises Bank Capital and Fiscal
Recapitalization Expenses in Banking Crises from
2007 Onward
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Figure 5. Share of Public Recapitalization Avoided,
Depending on Hypothetical Pre-crisis Bank Capital Ratios
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that bank capital in the range of 15-23 percent of risk-weighted
assets would have enabled banks to absorb loan losses and would
have allowed avoidance of public recapitalizations of banks in about
80 percent of banking crises in advanced economies.

4. Robustness

The previous section estimated bank capital levels that would have
been sufficient to absorb losses in most historic banking crises in
advanced economies. We offered estimates based on two alternative
types of data: NPLs and public bank recapitalizations. The fact that
the alternative methods produced very similar results helps assuage
concerns related to the parameter uncertainty in our analysis. In
this section, we explore the robustness of our results further.

4.1 Loan Losses versus Securities Losses

Our analysis based on NPL ratios equates bank losses with loan
losses; more precisely, we assume that banks accrue losses uniformly
across different assets on their balance sheet. This implies that we
will tend to overestimate capital needs when losses are concentrated
on loans and underestimate them when they are concentrated on
securities (such as was the case for many advanced economies in
the global financial crisis). However, securities losses during the
global financial crisis (Berrospide 2013) and in the Federal Reserve’s
“severely adverse scenario” stress tests (Board of Governors of the
Federal Reserve System 2015) are close to or below the loan losses,
suggesting that loan loss estimates can be extrapolated to securi-
ties losses. Further, both loan losses and securities losses during the
global financial crisis and in the “severely adverse” stress test are
below our estimates of the 80th percentile of loan losses in OECD
banking crises, suggesting that our estimates of the capital needs are
in any case sufficiently conservative.

4.2 Aggregate Losses versus Losses in Individual Banks

Our analysis is based on average NPL ratios and average bank recap-
italization expenditures in the banking system. In practice, losses or
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Figure 6. Pre-crisis Bank Capital and Capital Injections
during the Crisis
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recapitalization needs at individual banks may differ from the coun-
try mean, and thus our methodology will underestimate the level of
capital necessary to preserve positive equity across the entire system.
(Still, the average level of capital remains informative as to the over-
all capacity of the banking system to absorb losses and may affect
the authorities’ ability to confront the crisis, including by facilitating
takeovers of weaker banks by stronger ones.) To assess the robust-
ness of our findings to the distribution of bank capital needs, we
examine bank-level government capital injections during the recent
crisis in large European and U.S. banks [

Figure 6 plots, at the bank level, the sum of the pre-crisis cap-
ital and capital injections during the crisis (both in percent of pre-
crisis RWA, similar to figure 4). The figure suggests that a capital of
15 percent in 2007 would have avoided the need for capital injection
in almost 55 percent of cases in the United States and 75 percent

9The data on capital injections in European banks are taken from estimates
by Fratianni and Marchionne (2013), merged with bank financials from SNL
Financial, and only cover injections between November of 2008 and January of
2010. The data on U.S. injections are from SNL Financial and are based on the
Troubled Asset Relief Program.
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Figure 7. Nonperforming Loans as a Share of Loans:
OECD Countries versus Non-OECD Countries
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of cases in Europe (based on the available data), while a capital of
23 percent would have eliminated the need for injection in virtu-
ally all cases. While the 55 percent figure in the case of the United
States might seem low, note that this is based on the lower bound of
our range. Further, the Capital Purchase Program’s terms were rel-
atively attractive to avoid stigmatizing participating banks as being
weak (Swagel 2009).

4.8  Advanced Economies versus Emerging Markets and
Developing Countries

The analysis of section 3 focused on advanced economies only for
comparability. Emerging market and developing countries have his-
torically had higher NPL ratios in banking crises (figure 7, light gray
bars). In principle, higher NPLs, all else being equal, call for higher
levels of capital to absorb them. Applying the method of section 3.1
to convert NPLs into bank capital needed to absorb them suggests
that capital ratios in the 15-23 percent range would have been suf-
ficient to absorb losses in only about half of all banking crises in
non-OECD economies. This is not surprising once one observes that
in these countries, macroeconomic shocks tend to be larger, credit
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Figure 8. Nonperforming Loans as a Share of GDP:
OECD Countries versus Non-OECD Countries
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tends to be less diversified, and institutional factors lead to larger
loss-given-default ratios.

Consistent with this view, non-OECD countries (on average)
have been imposing higher capital requirements on banks. In 2010,
the minimum capital ratios in OECD countries were almost uni-
formly 8 percent. In contrast, the median minimum capital ratio in
non-OECD countries was 10 percent. Moreover, almost a quarter
of non-OECD countries had a minimum capital ratio of 12-15 per-
cent, or 50 percent higher than what was typical in OECD countries
(Barth, Caprio, and Levine 2013).

An offsetting factor to higher bank losses during banking crises is
that, historically, non-OECD countries tended to have much smaller
banking systems relative to gross domestic product (GDP) than
OECD countries. This leads to NPLs as a share of GDP rather
than as a share of bank loans being comparable in banking crises
in advanced and other economies (figure 8). This means that when
bank losses exceed the absorption capacity provided by capital, their
effect on the economy (and thus the fiscal accounts) is likely also to
be smaller. Everything else being equal, the ex post cleanup oper-
ations are likely to be less onerous than in countries with larger
banking systems. For instance, given the smaller size of their banking
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systems, had non-OECD countries imposed bank capital ratios in the
15-23 percent range, in 80 percent of banking crises losses exceeding
the absorption capacity of bank capital would have been within 3
percent of GDP, usually a manageable fiscal burden. Consequently,
desirable bank capital levels in OECD and non-OECD countries
might be closer than they appear from the first-brush NPL ratios
analysis.

There are, however, two caveats to this conclusion. First, the
potential fiscal costs of bank cleanups in emerging economies are
destined to increase beyond this estimate, as many have recently
experienced rapid credit growth, making current ratios of bank credit
to GDP higher than past averages suggest. Second, the estimate
should not give rise to complacency, as bank losses in the remaining
20 percent of banking crises (often, twin crises) would have been
substantial. Further, if we took the higher capital needs in non-
OECD countries at face value, a strategy complementing higher cap-
ital ratios would be to reduce potential NPLs through institutional
improvements (in regulation, supervision, and resolution).

4.4 Dealing with Severe Banking Crises

In focusing on the banks’ ability to absorb losses in most banking
crises, our approach omits the issue of cleanup costs in the left tail
of most severe banking crises where even higher bank capital does
not provide sufficient loss-absorption capacity. While rare, the severe
crises might also be the costliest. In a way, this omission is an inher-
ent limitation of our seawall approach: a real seawall also might not
protect from a truly large tsunami or an earthquake. Ex post govern-
ment intervention might be essential in truly severe crises (Geithner
2014). Still, even for very severe banking crises, high bank capital
would decrease ex post cleanup costs and provide the authorities
additional breathing space for a more orderly resolution.

5. The Costs of Higher Bank Capital

Section 3 showed that capital in the range of 15-23 percent of risk-
weighted assets would have absorbed bank losses in the majority of
past banking crises, and higher capital ratios are relatively ineffective
in preventing additional banking crises. The inflection of marginal
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benefits of bank capital points to capital in the 15-23 percent range
as a plausible “optimal” bank capital that may enhance financial
stability and reduce expected crisis-associated fiscal outlays. Yet, we
said nothing about the effects that this higher capital would have on
the availability and cost of bank credit, and, ultimately, on macro-
economic performance. In this section, we verify that the costs of
bank capital in the 15-23 percent range appear manageable. To this
end, we review the literature on the costs of bank capital (summa-
rized in table A.1l in the appendix), and discuss in this section its
main findings.

5.1 Steady-State Cost of Capital

It is useful to separate the steady-state and the transitional costs
of higher bank capital. The econometric literature on the steady-
state costs of bank capital is relatively thin, reflecting the difficulty
in estimating such costs. Because of relatively stable capital regu-
lation over the past few decades, most econometric studies exploit
the cross-sectional and time-series variation of bank capital within a
given regulatory framework. Here, based on U.S. data, the literature
generally finds that a 1 percentage point higher tier 1 capital ratio
is associated with loan rates that are 2.5 basis points higher: a very
modest relationship. A caveat is that, since this variation reflects
banks’ endogenous choices (banks optimizing how much capital to
hold over the regulatory minimums), we can expect the effect of an
exogenous, regulatory-mandated increase in capital to be larger than
the econometric estimates obtained in such studies[\9

Given the limitations of econometric frameworks in the absence
of exogenous variation in bank capital, other studies rely on cal-
ibrated models to assess the steady-state costs of bank capital.
The key parameter of these models is the degree of the assumed
Modigliani-Miller offset: to what extent a policy-imposed increase
in the capital requirement would increase the total funding costs of
banks. An increase in a firm’s capital reduces its riskiness and thus

10These estimates are consistent with prima facie historical evidence, show-
ing that spreads between the reference and lending rates were not higher in
periods when banks were much more highly capitalized (see Miles, Yang, and
Marcheggiano 2013 for evidence from the United Kingdom and the United
States).
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its cost of borrowing. As discussed in section 2, Modigliani and Miller
(1958) show that under a set of ideal assumptions, this effect fully
offsets any potential increase in the total funding cost from a shift in
funding structure, making an increase in capital essentially costless
to banks and inconsequential to lending rates. Therefore, the degree
to which MM holds is a crucial question. Overall, most studies that
allow for some MM offset find extremely small effects: the impact
of a 1 percentage point increase in capital requirements on lending
rates is about 2 basis points (bps), consistent with empirical stud-
ies. Studies that assume that MM offset does not exist suggest an
effect of up to 13 bps—still a reasonably modest one. The effects of
this increase in the cost of bank funding on lending can be compen-
sated in the long term, for example, through more accommodative
monetary policy.

The effect of higher bank capital on safe assets creation also
appears modest. Assume that bank balance sheet size is fixed, and
the increase in bank capital reduces one-for-one the volume of bank
deposits. Then, an increase in bank capital from 14 percent of risk-
weighted assets, an average across large banks today, to 23 percent,
the top of our range, implies a reduction in the volume of bank
deposits by (23-14)/1.75 = 5.1 percent of bank liabilities (where
1.75 is the average risk weight; see table 2). Forgoing a 70 bps
safety premium possibly associated with bank deposits (set at the
top of the range in Krishnamurthy and Vissing-Jorgensen 2012 and
Greenwood, Hanson, and Stein 2015) on that volume of bank liabil-
ities would increase bank cost of funding by a modest 3 bps. This
brings the total effect of higher bank capital on the cost of lending
to 5-16 bps, depending on the MM offset [1]

Modest steady-state costs of higher bank capital imply low addi-
tional incentives to migrate activities out of the regulated bank-
ing system. This mitigates the theoretical concerns about a possi-
ble expansion of shadow banking. Indeed, there is little evidence

11Some argue that the economy exhibits a relatively inelastic demand for safe
assets (Gorton, Lewellen, and Metrick 2012; Gorton and Ordonez 2013). This
raises the question of what assets can substitute for a reduced volume of bank
deposits in safe assets supply. Yet this concern also appears manageable. For
example, in the United States, a decline in safe assets supply of the magnitude
of 5.1 percent of bank liabilities can be compensated by increasing the volume of
outstanding Treasury bills and notes by 8 percent (all data as of end-2017).
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of migration to shadow banking in countries implementing higher
than Basel leverage requirements, such as Switzerland. Further, to
the extent that the migration of activities to shadow banking repre-
sents regulatory arbitrage, it can be reduced or prevented by more
comprehensive bank regulation (Claessens and Ratnovski 2014).

Based on these estimates, it would be relatively easy to argue
for even higher bank capital ratios than the 15-23 percent range
suggested in the previous section. Still, given that banking crises of
extreme magnitudes are rare, it is difficult to see such extremely high
levels of bank capital as a policy priority. Also, there is some risk
that the costs of bank capital may increase nonlinearly in the level
of capital—for example, for some adverse effects from its impact
on bank business models. This calls for caution in extrapolating
observed low costs of capital into the costs of capital at substantially
higher levels.

5.2 Costs of Transitioning to Higher Capital

A larger empirical literature (generally employing tighter identifica-
tion strategies than the literature on steady-state costs) documents
the transitional costs of changes in bank capital. This literature
often exploits bank-level shocks to capital—resulting either from
losses or idiosyncratic (bank-level) regulatory actions—to identify
the exogenous effects of tighter capital regulation on the availabil-
ity and cost of bank credit. The literature finds that a 1 percentage
point increased capital requirement is associated with a 58 percent-
age point contraction in lending volumes over the short run (see, for
instance, Peek and Rosengren 2000; Aiyar, Calomiris, and Wieladek
2014; Brun, Fraisse, and Thesmar 2014; Eber and Minoiu 2015).
The problem with these estimates is that they rely on sudden
changes in bank capital: events that mostly characterize banks that
are in some state of distress. Many of the challenges associated with
raising capital under these circumstances are not relevant for evalu-
ating the effects of gradual changes in capital regulation that would
affect an entire banking system. For instance, in the short run, dis-
tressed banks may be more likely to meet tighter regulatory require-
ments by reducing the asset side of their portfolios more than they
would if they were fully sound and could raise capital gradually over
time. Similarly, the stigma attached to a bank trying to raise capital
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Figure 9. Bank Capital Ratios and Credit Provision,
Pre- and Post-Crisis
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in isolation is unlikely to apply in a context of systemwide regula-
tory reform. It follows that estimates based on short-lived bank-level
shocks are likely to overestimate the transition costs of higher capi-
tal requirements. The literature also does not provide a guide as to
how these transition costs vary depending on macroeconomic condi-
tions and between rapidly growing emerging markets and advanced
economies.

Also, there is evidence that transition costs tend to be lower if
one allows banks to adjust to the new regime more gradually. For
instance, calibrated models for several OECD countries suggest that,
on average, over eight years, a transition to a 1 percentage point
higher capital requirement is associated with a 17 bps increase in
lending, a 1.5 percent decline in lending volume, and a 0.16 percent
drop in GDP compared with the baseline (Macroeconomic Assess-
ment Group 2010).

Consistent with these considerations, an analysis of the increase
in capital requirements in the wake of the global financial crisis sug-
gests that the effects of tighter regulation on intermediation mar-
gins and the overall supply of bank credit have been limited (Cec-
chetti 2014). For instance, average risk-weighted capital ratios at
large banks in the United States and Europe increased by almost 5
percentage points between 2004 and 2014. But credit-to-GDP ratios
and intermediation margins remained virtually unchanged (figure 9).
Overall, this suggests that transition costs are likely manageable.
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6. Conclusions

This paper contributed to the debate on the optimal capital lev-
els in banks. We took a seawall approach. First, we considered how
much capital would have been enough to absorb bank losses in a
majority of historical banking crises. Second, we reviewed existing
literature that suggests that the costs of such capital levels would
be acceptable.

The key result of the paper is that bank capital in the range of 15—
23 percent of risk-weighted assets would have absorbed bank losses
in most past banking crises in advanced economies. This range was
obtained based on two alternative sets of bank data (NPLs and pub-
lic recapitalization), offering comfort that the results are robust to
the modeling assumptions employed. Increases in capacity to absorb
losses beyond this are likely to provide limited benefits. Hence, given
the uncertainty surrounding the long-term welfare costs of bank cap-
ital, bank capital in the 15-23 percent range appears appropriate for
banks in advanced economies.

The 15-23 percent estimate can be taken with a conservative
bend. The estimate does not consider the potential reduction in
risk-taking induced by higher capital through “skin-in-the-game”
effects: the impact of higher bank capital on the incentives of bank
shareholders and managers (Laeven and Ratnovski 2014). Further,
capital requirements consistent with 15-23 percent bank capital may
be below this range, as banks tend to hold buffers over the regulatory
minimums, tighter post-crisis banking regulation in aspects other
than bank capital (such as more stringent stress tests) may have
reduced bank risk for any given level of bank capital, and because
part of bail-in-able capacity might be provided by instruments other
than bank capital (such as subordinated debt).

The 15-23 percent range is close to, if slightly above, the upper
limit of the Basel III capital requirements, and is very similar to
the Financial Stability Board’s total loss-absorbing capacity stan-
dards, as well as the Federal Reserve’s proposal of 9.5 percent of
total leverage exposure for global systemic banks['J The range is
also consistent with the 8 to 20 percent optimal bank capital range
established in most calibrated dynamic general equilibrium models

12See http://www.federalreserve.gov/newsevents/press/bcreg/20151030a. htm.
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(Van den Heuvel 2008; Nguyen 2013; Begenau 2014; Martinez-Miera
and Suarez 2014; Mendicino et al. 2015)[1]

The estimated loss-absorption needs can be refined to allow for
heterogeneity across banks and over time. Banks that are not sys-
temically important (those that can be allowed to fail without major
spillover effects) could be allowed to hold lower capital and loss-
absorption capacity. Similarly, most banking crises follow periods
of rapid credit growth, suggesting a role for countercyclical buffers
(Borio 2014; Claessens 2015).

We find that the results on optimal bank capital are more
nuanced for emerging markets and low-income countries. On the one
hand, banking crises in these countries have historically been associ-
ated with greater bank losses. On the other hand, because banking
systems in these countries tend to be smaller than those in advanced
economies, losses in excess of capital will likely represent a smaller
share of GDP and thus might have more limited macroeconomic
effects. In this context, the relative role of greater loss-absorption
capacity and improvement in governance and institutions aimed at
reducing losses in crises should be the subject of future research.

In emerging market and developing economies, tighter bank cap-
ital standards can be complemented by institutional improvements
(in regulation, supervision, resolution, and governance) to reduce
possible losses in banking crises. In advanced economies, higher
bank capital requirements may provide stronger incentives for reg-
ulatory arbitrage and increase the risk of activities migrating to
unregulated or less regulated financial intermediaries (such as insur-
ance companies or broker-dealers). In that context, it is essential
that tighter capital and loss-absorption requirements are comple-
mented with measures that widen the perimeter of prudential and
macroprudential regulation.

The paper also reviewed empirical evidence on the costs of higher
bank capital. The evidence overwhelmingly suggests that the steady-
state (long-run) social costs of higher bank capital requirements,

13The calibrated welfare effects of varying bank capital within that range in
terms of higher lending rates and lost consumption are relatively small. The rel-
atively wide range of the estimates for the optimal level of capital reflects the
many degrees of freedom in model design and parameter calibration. It is also
consistent with a similarly wide 15-23 percent range of estimates obtained in our
analysis.
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within our estimated range, are likely to be small. The costs of tran-
sitioning to higher bank capital might be substantial, but also might
be lower when capital adjustment is staggered or takes place in the
upswing of the credit cycle. Overall, the cost of higher bank capital
corresponding to our estimates appears acceptable.

Appendix

Table A.1. Estimates of the Steady-State and Transitional
Effects of Higher Capital Requirements on the Cost of

Bank Credit

Paper

Data and Method

Cost of Capital

A. Steady-State Impact

Elliott (2009)

Bank of England
(2010)

Bank for International
Settlements (2010)

Berrospide and Edge
(2010)

Kashyap, Stein, and
Hanson (2010)

King (2010)

de Resende, Dib, and
Perevalov (2010)

U.S. banks,
2009:Q1-2009:Q2,
calibration

U.K. banks, calibration.

OECD banks, 1993-2007.

Dynamic general
equilibrium model.
U.S. banks, 1992—-2008.

Empirical estimation.

U.S. banks, 1976-2008.
Calibration assuming
tax effect and MM
effect.

OECD banks, 1993-2007.

Calibration assuming
no changes in return
on equity and cost of
debt and a full
pass-through of cost of
funding.

Canadian banks.
Dynamic general
equilibrium model.

4 pp T in ratio of equity
over unweighted assets
leads to 7 in lending
rate by 80 bps.

1 pp 1 in capital req.
leads to 7 in lending
rate by 7 bps.

1 pp T in capital req.
leads to T in lending
rate by 13 bps.

1 pp T in capital req.
leads to T in loan
growth by 0.7-1.2 pp.

10 pp 7T in capital req.
leads to T in lending
rate by 25-45 bps.

1 pp 1 in capital req.
leads to T in lending
rate by 15 bps.

6 pp T in capital req.
leads to T in lending
rate by 7.5 bps, | in
lending by 0.24%, and
| in GDP by 0.07%.

(continued)
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Table A.1. (Continued)
Paper Data and Method Cost of Capital

A. Steady-State Impact

Santos and Winton
(2010)

Cosimano and Hakura
(2011)

Schanz et al. (2011)

Slovik and Cournede
(2011)

de Ramon et al. (2012)

Francis and Osborne
(2012)

Junge and Kugler
(2012)

Miles, Yang, and
Marcheggiano (2013)

Buch and Prieto (2014)

U.S. banks, 1987-2007.
Empirical estimation.
They test the
hypothesis that
less-capitalized banks
charge higher rates on
borrowers with no
access to public debt
markets.

Banks in advanced
economies, 2001-09.
Empirical estimation.

U.K. banks, 2006-09.
Calibration.

OECD banks, 2004-06.
Calibration assuming
no MM effect and a
full pass-through.

U.K. banks, 1992-2010.
Empirical estimation.

U.K. banks, 1996-2007.
Empirical estimation.

Swiss banks, 1999-2010.
Calibration.

U.K. banks, 1997-2010.
Calibration assuming
half MM effect and
one-third pass-
through.

German banks,
1965-2009. Empirical
estimation.

5 pp T in capital req.
leads to | in lending
rate to credit-
constrained firms by
15 bps.

1.3 pp T in leverage ratio
leads to T in lending
rates by 16 bps and |
in loan growth by
1.3% in the long run.

1 pp T in capital req.
leads to T in lending
rate by 7.4 bps and |
in permanent GDP by
0.04%.

1 pp T in capital req.
leads to 7 in lending
rate by 16 bps.

1 pp T in aggregate
capital ratio leads to T
in lending spreads by
9.4 bps.

3 pp T in capital req.
leads to | in lending
by 7% compared with
the baseline.

Halving leverage leads
to T in cost for
nonfinancial sector by
0.6—-1.5 bps and | in
permanent annual
GDP by 0.04-0.05%.

Halving leverage leads to
T in lending spread by
6 bps and | in GDP
by 0.15%.

1 pp T in capital req.
leads to T in bank
loans by 0.22% in the
long run.

(continued)
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Table A.1. (Continued)
Paper Data and Method Cost of Capital

A. Steady-State Impact

Cohen and Scatigna
(2014)

Martinez-Miera and
Suarez (2014)

Baker and Wurgler
(2015)

Brooke et al. (2015)

Cline (2015)

Kisin and Manela
(2016)

Begenau and
Landvoigt (2017)

Clark, Jones, and
Malmquist (2017)

Dell’Ariccia, Laeven,
and Suarez (2017)

Firestone, Lorenc, and
Ranish (2017)

Large banks in advanced
and emerging
economies, 2009-12.
Empirical estimation.

Dynamic general
equilibrium model.

U.S. banks, 1971-2011.

Empirical estimation.

U.K. banks, 1997-2004.
Calibration assuming
MM effect and a full
pass-through.

U.S. banks, 2001-13.
Calibration assuming
half MM effect and a
full pass-through.

U.S. banks, 2002-07.
Empirical estimation.

U.S. banks, 1999-2015.
Dynamic general
equilibrium model.

U.S. banks, 1996-2012.
Empirical estimation.

U.S. banks, 1997-2011.
Empirical estimation.

U.S. banks, 1988-2014.
Calibration assuming
half MM effect and a
full pass-through.

1 pp T in capital ratio
leads to T in asset
growth rate over the
subsequent three years
by 3 pp.

T in capital req. from
7% to 14% leads to 1
in loan rate by 1.5 pp
and | in GDP by
8.5%, but also 7 in
aggregate net
consumption of 0.9%.

10 pp 1 in tier 1 ratio
leads to T in cost
of capital by
100-130 bps.

1 pp T in tier 1 ratio
leads to T in lending
rate by 5-10 bps and
| in permanent annual
GDP by 0.01-0.05%.

15 pp T in leverage ratio
leads to T in lending
rate by 62 bps and |
in future path of GDP
by 1.08 pp.

1 pp T in capital req.
leads to T in lending
rate by 0.3 bps and |
in loan by 0.15%.

5 pp T in capital req.
leads to T in lending
by 3.6%, but has
insignificant effect on
GDP.

Halving leverage leads
to T in cost of capital
by 14 bps for largest
banks and | in real
GDP by 4.4 bps.

1 pp T in capital req.
leads to T in lending
by 0.6 pp.

1 pp T in capital req.
leads to T in lending
rate by 7 bps and | in
long-run GDP by
7.4 bps.

(continued)
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Table A.1. (Continued)
Paper Data and Method Cost of Capital

A. Steady-State Impact

Barth and Miller
(2018)

Gambacorta and Shin
(2018)

U.S. banks, 1892-2014.
Empirical estimation.

International banks in
advanced economies,
1994-2012. Empirical

estimation.

T in leverage ratio from
4% to 15% leads to 1
in cost of capital by
30 bps.

1 pp 1 in leverage ratio
leads to | in debt
financing by 4 bps and
T in annual loan
growth by 0.6 pp.

B. Transitional Impact

Furfine (2010)

Macroeconomic
Assessment Group
(2010)

de Resende, Dib, and
Perevalov (2010)

Institute of
International
Finance (2010)

Maurin and Toivanen
(2012)

U.S. banks, 1989-97.
Dynamic general
equilibrium model.

Member countries using
Financial Services
Authority approach.

Canadian banks.
Dynamic general
equilibrium model.

G-3 banks, 2001-09.
Calibration using a
series of macro-
banking-economic
models.

European banks,
2005-11. Empirical
estimation.

1 pp T in capital req.
leads to | in lending
growth rate by 5% in
the first quarter.

1 pp T in capital req.
implementation over
eight years leads to,
by 35th quarter, T in
lending spreads by
17 bps, | in lending
volume by 1.5%, and
| in GDP by 0.16%
on average.

6 pp T in capital req.
with a phase-in of
four years leads to 1
in lending spreads by
2 bps, | in lending by
almost 2%, | in
investment by 2.7%,
and | in GDP by
0.38%.

2 pp 1 in capital req. +
other measures lead
to, over the first five
years, T in lending
spreads by 132 pp,
| in GDP growth by
0.6 pp per year on
average.

1 pp capital gap
dampens lending
growth by 2-2.3 pp in
median term.

(continued)
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Table A.1. (Continued)
Paper Data and Method Cost of Capital

B. Transitional Impact

de Ramon et al. (2012)

Aiyar, Calomiris, and
Wieladek (2014)

Bridges et al. (2014)

Brun, Fraisse, and
Thesmar (2014)

Corbae and D’Erasmo
(2014)

Mesonnier and Monks
(2014)

Noss and Toffano
(2016)

U.K. banks, 1992-2010.

Empirical estimation.

U.K. banks, 1998-2007.
Empirical estimation.

U.K. banks, 1990-2011.

Empirical estimation.

French banks, 2006-12.
Empirical estimation.

U.S. banks, 2000-10.
Dynamic general
equilibrium model.

European banks,
2011-12. Empirical
estimation.

U.K. banks, 1986-2010.
Empirical estimation.

1 pp 1 in aggregate
capital ratio leads to |
in lending spreads for
household sector by
6.7 bps and for
corporate sector by
19 bps.

1 pp T in capital req.
leads to cumulative |
in loan growth rate by
5.7 pp over the first
three quarters.

1 pp T in capital req.
leads to | in household
secured loans by 0.9 pp
and commercial real
estate lending by 8 pp
over the first year. The
first effect vanishes
within three years, but
the commercial real
estate lending is
reduced by 1.3 pp
permanently.

1 pp | in capital ratio
leads to T in loan size
by 5 pp over the short
period.

2 pp T in capital req.
leads to T in loan
interest rate by 50 bps
and | in loan supply
by nearly 9%.

1 pp T in capital req.
leads to | in annual
loan growth rate by
1.2-1.6 pp over nine
months.

15 pp T in aggregate
capital ratio leads to |
in lending by 1.4 pp
and | in GDP by 0.25%
after 16 quarters.
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Using the 1998 and 2007 Survey of Consumer Finances
data, this paper examines changes in household debt and
borrowing behaviors following a decline in lending standards.
The findings suggest that households desired more debt and
obtained more of their desired debt in 2007 than they did in
1998. This is especially true for the credit-constrained house-
holds headed by someone that was 34 years of age or younger
or between 54 and 65, and for constrained households with
annual income of between $30,000 and $60,000 or of more
than $345,000. Households headed by someone that was 34
or younger or between 44 and 65, and households with income
levels of more than $60,000 were also less likely to be credit
constrained in 2007.
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1. Introduction

Research in the wake of the 2007 subprime mortgage crisis has found
that its contributing factors included a decline in lending standards
and a rise in household borrowing, especially by higher-risk bor-
rowers who drew against their rising home equity Although the
decline in lending standards has been well documented in literature,

*Author contact: 701 Exposition Blvd., Ste. 231. HOH-231, MC-1422. Los
Angeles, California 90089-1422, USA. E-mail: sdurgune@usc.edu. Tel: 213 740
6515.

'For the decline in lending standards, see Dell’Ariccia, Igan, and Laeven
(2008), Demyanyk and Van Hemert (2011), Foote et al. (2008), Keys et al. (2009,
2010), Mian and Sufi (2009b), and Purnanandam (2011). For the rise in household
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the change in household debt and borrowing behavior has not been
analyzed in light of the decline in lending standards. This paper
adds to the literature on the financial crisis by examining in detail
the changes in household desired debt and whether households were
able to obtain a higher proportion of their desired debt in the run-
up to 2007. The goal is not to show the generalized trends of more
borrowing since 1989. The goal is to show whether households had
a greater capacity to borrow following the decline in lending stan-
dards. Through use of the Federal Reserve Board’s 1998 and 2007
Survey of Consumer Finances (SCF), this paper addresses three
questions regarding the relaxation of lending standards in the 1998—
2007 period: (i) Did household demand for credit rise? (ii) Were
households less likely to be credit constrained (that is, more likely
to get all the credit they desired)? (iii) Did households that were
credit constrained obtain more of the credit they desired? House-
holds are subgrouped into different categories based on their age
and income. The paper analyzes how answers to the three questions
vary among households in different age and income subgroups.

The literature on the role of lending standards in the 2007 sub-
prime mortgage crisis has focused on mortgage loan characteristics
and mortgage loan qualities to draw inferences about lending stan-
dards. The goal in this paper is to analyze more directly how house-
holds’ desired debt and borrowing behaviors changed in a period of
declining lending standards. The focus is on households generally,
not just mortgage borrowers, because the unemployment and loss
of wealth caused by the crisis were similarly widespread. Conducted
every three years, the SCF is a rigorous, representative sampling
of U.S. households that provides detailed information about their
outstanding debt levels, financial and nonfinancial assets, attitudes
about debt, and expectations about the economyE This study is the
first to measure households’ desired debt in assessing their borrowing
behavior in the years leading up to the 2007 crisis%

2See http://www.federalreserve.gov/econresdata/scf/scfindex.htm.

3Desired debt has been studied in other contexts. See, for example, Cox and
Jappelli (1993), Crook (2001), Crook and Hochguertel (2006), Duca and Rosen-
thal (1993), Gropp, Scholz, and White (1997), Lyons (2003), Magri (2007), and
Manrique and Ojah (2004).
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As part of its analysis, this study computes, for various household
characteristics in both 1998 and 2007, the amount of debt desired
by credit-constrained households and the gap between their desired
and actual stock of debt; it then examines how this gap changed
from 1998 to 2007 for various characteristics of credit-constrained
households. In 1998, lenders were making subprime mortgages, but
the decline in lending standards had not yet begun; by 2007, lending
standards had been relaxed for some time. Any difference in house-
hold debt behavior between 1998 and 2007 will be the more notable
because household expectations about interest rates and the general
economy, as documented in the surveys, were similar across the two
years

Following the decline in lending standards, one would expect
that credit-constrained households will obtain more of their desired
debt and that the gap between actual and desired stock of debt will
decline. Thus, as a means of analyzing the changes in households’
debt and borrowing behaviors, this study tests the following null
hypothesis: The gap between the desired and actual stock of debt
for credit-constrained households was lower in 2007 than in 1998.
Testing for this hypothesis will help address the three issues posed
at the outset: whether the amount of debt desired rose between the
two years, whether households became less likely to be credit con-
strained, and whether credit-constrained households in 2007 received
more of their desired debt than in 1998. It will also be possible to
address which households—and specifically which age and income
groups—have experienced those changes.

To identify credit-constrained households, the present study uses
the self-reported indicators in the SCF data that have been widely
used in the literature (Cox and Jappelli 1990, 1993; Crook 1996,
2001; Jappelli 1990; Lyons 2003): whether the household has ever

4The interviews for the 1998 SCF were conducted between July and December
1998; those for the 2007 SCF were conducted between May and December 2007.
Regarding attitudes about the economy in the 1998 (2007) survey, 48 percent
(41 percent) of households expected the economy to be the same in the next
five years, 24 percent (29 percent) expected it to be better, and 28 percent
(30 percent) expected it to be worse. Regarding attitudes about interest rates
in the 1998 (2007) survey, 63 percent (63 percent) of households expected them
to be lower five years from now, 30 percent (29 percent) expected them to be the
same, and 7 percent (8 percent) expected them to be higher.
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been denied credit, or has ever been given less credit than it applied
for, or has ever been discouraged from applying for credit. Because
these self-reported constraint indicators are for any loan type, the
analysis here encompasses all household debt.

One difficulty with testing the null hypothesis is determining the
desired stock of debt of credit-constrained households. The stock of
debt desired by unconstrained households can be taken to be the
same as their outstanding debt, as reported in the SCF, because
they can obtain the full loan amount they desire. However, house-
holds with borrowing constraints can obtain only part of the loan
amount they desire. The SCF data show neither the loan amounts
originally requested by constrained households nor the amounts that
they did not apply for because they assumed that the request would
be denied. Thus, the analysis must estimate the stock of debt desired
by constrained households.

To do so, this study follows the procedure in Cox and Jappelli
(1993). As an initial step, the desired stock of debt for all uncon-
strained households is estimated and derived from indebted uncon-
strained households. As the second step, the desired stock of debt for
the constrained households is derived from the coefficients estimated
in the initial step.

The literature on household debt has not considered the entire
distribution of net wealth that is provided in the SCF data. This
study does so; it includes wealthy households in its analysis and
adjusts for the SCF’s oversampling of wealthy households by using
the sampling weights provided in the SCF data. Other ways in which
this study extends the literature is that it applies previously used
techniques—constructs of permanent income and instrumenting the
net worth variable used in the regressions—to more recent data (the
2007 SCF)E The standard errors are also bootstrapped to generate
correct standard errors.

The findings of the present analysis show that desired debt was
greater in 2007 than in 1998. And even though desired debt rose,
credit-constrained households were able to receive more of their

5The construction of permanent income follows the techniques developed in
Cox and Jappelli (1993) and King and Dicks-Mireaux (1981). The regressions
used here control for constructed permanent income, and the standard errors are
bootstrapped to generate correct standard errors.
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desired debt. This was especially true for households with house-
hold heads that were age 34 or younger or between 54 and 65, with
annual income of between $30,000 and $60,000, and with income
of more than $345,000. And less likely to be credit constrained in
2007 were households with income of more than $60,000 and with
household heads that were age 34 or younger or between 44 and 65.

These findings imply that households had a greater capacity
to borrow following the decline in lending standards. Households
desired more debt and were less likely to be credit constrained, and
credit-constrained households received more of their desired debt.
These results warrant the greater attention that regulators are plac-
ing on credit markets to preserve financial stability. Monitoring the
status of lending standards, desired debt, and credit constraints in
time allows regulators to apply precautionary restraints across credit
markets to better protect borrowers, the financial system, and the
wider economy.

The paper proceeds as follows. Sections 2, 3, and 4 review the
literature on household debt and present the theory and model.
Sections 5, 6, and 7 describe the variables, cover the data and
descriptive statistics, and present the findings. Section 8 concludes.

2. Literature Review

Many papers have attempted to determine whether households are
constrained in their access to credit, and most of them used SCF data
for their analysis. To determine the presence of constraint, some used
indirect measures such as assets, the wealth-to-income ratio, and the
saving rate. The findings of the papers using indirect measures have
been ambiguous. Some of them concluded that approximately 20
percent of U.S. households had credit constraints (Hall and Mishkin
1982; Hayashi 1985; Hubbard and Judd 1986; Mariger 1987; Zeldes
1989). Other studies (Altonji and Siow 1987; Attanasio and Weber
1995; Dejuan and Seater 1999; Runkle 1991) with indirect measures
concluded that households did not have any credit constraints. Lyons
(2003) suggested that the ambiguity of these findings was probably
due to their lack of a more direct measure to identify households
with credit constraints.

A large number of other studies (Cox and Jappelli 1990, 1993;
Crook 1996, 2001; Duca and Rosenthal 1993; Fissell and Jappelli
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1990; Gropp, Scholz, and White 1997; Jappelli 1990; Lyons 2003)
have used a more direct measure from the SCF data, namely, self-
reporting on the questions regarding constrained access: whether the
household (i) has ever been denied credit, (ii) has ever been given
less credit than the amount it applied for, and (iii) has ever been dis-
couraged from applying for credit. Overall, Crook (1996) has found
that 19 percent to 20 percent of households were credit constrained
prior to 1983 and 1989. The studies found a wide range of factors
that significantly influenced the probability of a household being
credit constrained. Among the factors lowering the probability were
a smaller household size and a household head with any of the fol-
lowing characteristics: older; white; married; a good credit history;
a checking account; higher income; higher net worth; more numbers
of debit, credit, and charge cards; owning a home; a longer tenure as
a homeowner at the current address; a longer tenure as an employee
at the current employer; more years of schooling; in the habit of sav-
ing; not receiving any welfare payments; and no near-term prospect
of a major expenditure. Also decreasing the likelihood of a credit
constraint was living in a more rural area and in an area with a
lower level of banking competition. Findings by Gropp, Scholz, and
White (1997) suggest that bankruptcy exemption, level of Herfind-
ahl index for financial institutions in the area, and whether there
are multibank holding companies in the state are also significant
determinants of having credit constraints.

In a departure from the rest of the credit-constraint literature,
Cox and Jappelli (1993) and Crook and Hochguertel (2006) related
the determinants of credit constraint to an estimate of households’
permanent income (that is, the long-term income households antic-
ipate having on the basis of their assets, skills, and education),
computed as in King and Dicks-Mireaux (1982). Cox and Jappelli
(1993) find that being credit constrained is negatively related to
permanent income at the weakest (10 percent) significance level.
Among the Crook and Hochguertel (2006) findings for the United
States is that the greater the amount by which current income
exceeds permanent income, the higher is the probability of the house-
hold having a credit constraint. Findings by Crook and Hochguertel
(2006) also show that the probability of constraint varies directly
with household head’s being self-employed, years of education, and
the number of children. The probability varies inversely with net
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worth, income, household head’s age, and household head’s being
unemployed, female, or single.

Some studies derived determinants of credit constraint as a step
in estimating desired debt (Cox and Jappelli 1993; Crook 2001;
Crook and Hochguertel 2006; Duca and Rosenthal 1993; Gropp,
Scholz, and White 1997; Magri 2007; Manrique and Ojah 2004).
They conditioned their estimates of desired debt on households that
have positive amounts of desired debt and are not credit constrained.
These studies found a wide range of factors that significantly influ-
enced the desired debt. Among the factors increasing the desired
debt were larger household size and a household head with any
of the following characteristics: male, young, more years of school-
ingﬁ currently working, ownership of a home, higher net WorthEI
higher income)q willingness to borrow to finance luxury items, and
near-term prospect of a major expenditure.

Cox and Jappelli (1993) showed that desired debt has a posi-
tive relation with permanent income and that desired debt declines
after a threshold age. Crook and Hochguertel (2006) suggest that,
in the United States, a reduction in current income below perma-
nent income positively affects the amount of debt that is demanded.
Rising age (until 30) also has a positive effect on desired debt, but
desired debt levels decline after age 65. Crook (2001) showed a neg-
ative relation with age for household heads aged above 54 years
old, income squared, and risk aversion. Gropp, Scholz, and White
(1997) found a negative relation of desired debt to concentration of
the financial market, living in certain regions, number of years the
household head has been working at current employer, and to rising
age for those between 34 and 65.

The literature excludes wealthy households from analysis and
does not consider the entire distribution of net wealth that is
provided with the SCF data. This study fills this gap by includ-
ing wealthy households in the analysis and using SCF sampling
weights. Use of the weights adjusts for the oversampling of wealthy

Crook and Hochguertel (2006) find a negative relation with desired debt and
education.

"Crook (2001) showed that desired debt declines with higher net worth.

8Cox and Jappelli (1993) found a negative relation with current income.
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households and reflects the U.S. population. As another extension to
the literature, this study includes more recent data (the 2007 SCF).

Simultaneity exists between net worth and desired debt, and
between net worth and being credit constrained. It is not obvi-
ous whether the literature corrects for this simultaneity—see Crook
(2001), Crook and Hochguertel (2006), and Manrique and Ojah
(2004). This paper corrects for the simultaneity by instrumenting
net worth in the manner of Cox and Jappelli (1993) and Duca and
Rosenthal (1993) [

Crook (2005) suggests using permanent income while determin-
ing debt demand functions; few have done so and controlled for it—
see Cox and Jappelli (1993), Lyons (2003), and Crook and Hochguer-
tel (2006). This study constructs permanent income, and the regres-
sions control for it; standard errors are bootstrapped to generate
correct standard errors.

3. Theory

According to the life-cycle permanent-income hypothesis (LCPIH),
households smooth their consumption over their lifetime in line with
their expected lifetime (permanent) income. Households that antic-
ipate an increase in their expected future incomes will borrow to
increase their current consumption without waiting for the income
increase to take effect. Without the ability to borrow, the LCPIH
fails: households’ current consumption levels are limited to their cur-
rent income levels because they must defer any increase in consump-
tion until their present income actually increases.

Following Zeldes (1989), the present study applies the LCPIH
model to consumers operating with a borrowing constraint over two
periods. Each consumer starts period 1 with some financial wealth
(Ay), receives labor income at the beginning of each period, and
chooses a consumption level. By the end of period 2, the consumers
have spent all their financial and labor income and die without

9In estimating the desired amount of debt, Magri (2007) took into consider-
ation the fact that net wealth can be affected by simultaneity problems; as a
robustness check, she therefore instrumented net wealth with a lag of net wealth.
However, she did not correct for this simultaneity in estimating the demand for
debt or the probability of being unconstrained.



Vol. 16 No. 2 Relaxed Lending Standards 301

any debts or bequests. In this setting, the consumers solve for the
problem given below to determine their optimal consumption levels
that will maximize their total utility. The desired consumption level
determines whether debt is desired in period 1 and how much is
desired (D7).

Mazc,c,U(Ch) + U(Cy) (1)
subject to
L Ay = (A1 +Y1 = Ci)(1+7)
2. Ap+ Yo =0Ch
3. Ay +Y, - C, > -BC
4. C1,Cy > 0.

Utility (U), a one-period utility function, is assumed to be a
constant relative risk aversion utility function defined as U (C) =
%. Ch7 and C5 and Y; and Y, are consumption and labor
income in each of the two periods; A; and A, are financial wealth
at the beginning of each of the two periods (before labor income
and consumption); r is the interest rate earned on holding funds
from period 1 into period 2; and BC, the borrowing constraint, is
the maximum amount that the consumer can borrow in period 1.

The above problem can be reduced to the following maximization
problem

MCL:L’CIF(Cl) = U(01)+U[(1+T)(A1+Y1 _Cl)+Y2] (2)

subject to

5. Cl Z Al + Y1 + min (BC, 1}_;_27”)

6. C1 <0.

In equation (1), the combination of constraints 4, 2, and 1 gives Co =
(1+1)(A1+Y1—Ci1) + Ya > 0. Solving for Ci gives C1 < A1 + Y1 + 2.
Constraint 3 is the same as C; < A; + Y7 + BC. The combination of the two

inequalities for C; gives C1 < A1 + Y7 + min (BC, ﬁ—i)
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If there is no boundary solution, the solution to the maximization
problem is

o — (L4+r)"*(Ya+ (1+7)(AL + 1))
' 1+ (1+7)t-a '

If there is a boundary solution, Cf = A; + Y7 + min (BC’, ffT).
Appendix A shows the solution to the maximization problem.
Given the desired consumption level, C'j, and the resources that are

available (A1, Y1), the consumer determines the desired loan size and
thus the desired stock of debt, D7.

4. Model

To assess changes in household debt and borrowing behaviors
between 1998 and 2007, this study tests the following null hypoth-
esis: The gap between the desired and actual stock of household
debt was lower in 2007 than in 1998. The test will help determine
(i) whether households in 2007 desired more debt than households
in 1998, (ii) whether households were less likely to be credit con-
strained in 2007 than in 1998, and (iii) whether credit-constrained
households obtained a higher proportion of their desired debt in 2007
than in 1998.

The actual stock of debt is the debt outstanding at the time of the
survey and is observed in the SCF data. Desired debt is not observed.
The desired stock of debt for unconstrained households (D7) can
be considered to have the same value as their actual stock of debt
(D1p) because unconstrained households can obtain the full amount
of the loans they desire. For households with credit constraints, the
actual stock of debt (D¢ ) is by definition less than the desired stock
(Dj¢)- Therefore, the debt desired by credit-constrained households
must be estimated.

The gap between desired and actual debt for credit-constrained
households is constructed in three steps for 1998 and again for 2007,
following Cox and Jappelli (1993). In the first step for each year,
the desired debt of households that have no credit constraints and
have positive demand for debt is estimated on the basis of out-
standing debt. In the second step, the desired stock of debt for
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credit-constrained households is computed with the estimated coef-
ficients obtained from the first step. In the third step, the gap for
credit-constrained households is calculated by measuring the differ-
ence between the estimated level of desired debt and the outstanding
debt. The gap levels in 2007 are then compared with the gap levels
in 1998.

The first step—estimating the desired stock of debt for the
indebted and unconstrained households—consists of the generalized
Tobit model shown in equations (3), (4), and (5). The main goal
is to predict equation (3), the desired stock of debt for households
having positive demand for debt and no credit constraint.

D} = 1 X1 4+ 01A1 + 022 + €1, (3)

where the dependent variable, D7, is the desired stock of debt; D7 is
observable only when D7 equals the amount of debt that is outstand-
ing. This equality is true only when the household has a positive
demand for debt and does not have any credit constraints. X; is
a vector of variables that determine the desired consumption levels
and the resources that are available to pay for consumption; hence,
the vector implies the level of desired debt. The variables for the vec-
tor are net worth, family income, permanent income (constructed),
homeownership, future expenses, attitudes toward debt, and demo-
graphics (as in Cox and Jappelli 1993; Crook 1996, 2001; Duca and
Rosenthal 1993; Jappelli 1990).

Equations (4) and (5) are the selection equations needed for
equation (3). Equation (4) defines the probability of having posi-
tive demand for debt, and equation (5) defines the probability of
not having any credit constraints.

l1 = B2 X2 + €2, (4)

where [; is an unobserved or latent variable representing demand
for debt. The observed variable, H, is defined by the following two
relations:

e If/; > 0, then H = 1 and the household has outstanding debt.
e If [; <0, then H = 0 and the household has no outstanding
debt.
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X5 is a vector of variables that determine whether a household
has a demand for debt. As in Crook (2001) and Duca and Rosenthal
(1993), the same variables determine the existence of a demand for
debt and the level of desired debt. Thus, the vector of X5 is the same
as the vector of X.

ly = B3X3 + €3, (5)

where [5 is an unobserved or latent variable representing excess sup-
ply of credit. The observed variable, V, is defined by the following
two relations:

e If [ > 0, then V = 1 and the household has no credit con-
straint.
e If iy <0, then V = 0 and the household has a credit constraint.

Households will have credit constraints only when they demand
more debt than lenders will grant them, which represents an excess
demand for debt. Thus, X3 is a vector of (i) variables that determine
the existence of a demand for debt and the level of desired debt (the
demand side) and (ii) of borrower characteristics that are used in
credit-scoring models (the supply side) to guide lenders’ decisions
on how much credit to grant an applicant (as in Cox and Jappelli
1993; Crook 1996, 2001; Duca and Rosenthal 1993; Jappelli 1990).
X3 consists of X, and additional variables that proxy for credit
history

The error terms are assumed to have a trivariate normal distri-
bution, and ps3 is assumed to be zero (as in Cox and Jappelli 1993;
Crook 2001; Crook and Hochguertel 2006; Duca and Rosenthal 1993;
Gropp, Scholz, and White 1997; Lyons 2003).

g1 ~N(0,0%);e2 ~ N(0,1);e3 ~ N(0,1)

corr(ey,e9) = p1a;corr(ey,€3) = p13; corr(eg, e3) = pag =0

" Cox and Jappelli (1993) and Gropp, Scholz, and White (1997) use regional
dummies to control for variations in the regulation and characteristics of credit
markets; this study does not do so because this information is not in the publicly
available SCF data.
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As in Duca and Rosenthal (1993), when p23 = 0, the estimate of
equation (3) (the desired stock of debt) is derived from the estimate
of equations (4) and (5) as follows:

e Estimate B2 and (33 by running a univariate probit on equa-
tions (4) and (5).

e Compute the inverse Mills ratios A\; and A9 and evaluate them
at G2X5 and [3.X3, respectively

e Include \; and Ay in equation (3) as additional explanatory
variables, and conduct an ordinary least squares (OLS) calcu-
lation on this regression for a sample of unconstrained house-
holds that have outstanding debt.

As shown in Duca and Rosenthal (1993), standard errors for this
procedure will not be correct even though the procedure produces
consistent estimates of (1. Correct standard errors are produced
through bootstrapping, which is done here with the replicate weights
provided in the SCF data.

A similar issue arises with permanent income, an independent
variable constructed here according to Cox and Jappelli (1993) and
King and Dicks-Mireaux (1981). The estimation process for perma-
nent income generates a measurement error, and such errors for an
independent variable can raise endogeneity and inconsistent OLS
estimates. Because the literature on household debt did not raise
any endogeneity issues for the constructed permanent-income vari-
able, this study assumes that it is exogenous—see Cox and Jappelli
(1993), Crook and Hochguertel (2006), and Lyons (2003). Accord-
ing to Wooldridge (2002, p. 74), under exogeneity, the OLS proce-
dure will produce consistent estimates but will inflate the error vari-
ance and thus inflate the variance for the parameter estimates and
underestimate significance of the parameter estimates. Here again,
bootstrapping is applied to generate correct standard errors.

Another issue is the simultaneity between net worth and debt.
As noted in Duca and Rosenthal (1993), borrowing to finance the
consumption of nondurables immediately lowers net worth; hence,

12The inverse Mills ratio for selection equation (4), the probability of demand

for debt, is ﬁiﬁi))ﬁii’ where f( ) is the probability density function and F( ) is

the cumulative distribution function.
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there is a simultaneous relationship between net worth and demand
for debt and between net worth and desired debt level. Moreover,
the observed level of net worth is sensitive to whether the house-
hold is credit constrained. Therefore, as in Cox and Jappelli (1993)
and Duca and Rosenthal (1993), net worth here is instrumented in
equations (3), (4), and (5).

Net worth is instrumented by variables that are correlated with
net worth, but those variables have no direct effect on demand for
debt, outstanding debt, or the probability of being credit constrained
and are not correlated with the error terms in equations (3), (4),
and (5). The instrument variables used in this study are from the
literature, as follows: years of education of the spouse of the house-
hold head, whether household head or spouse received or expects to
receive a large inheritance, and the natural log of expected inher-
itance (Cox and Jappelli 1993; Duca and Rosenthal 1993) This
instrumentation can proxy for a family’s socioeconomic status and
thus be a good candidate for proxying net worth. Also, as inheri-
tances are concentrated among households at the top of the wealth
distribution, they can differentiate households with high net worth
from those with low net worth. Table 1 gives a detailed descrip-
tion of variables in X1, X5, and X3 as well as the variables used in
instrumenting net worth.

For the second step of estimating equation (3), its estimated coef-
ficient values are used to predict the desired stock of debt for the
constrained households (Dj.). In the third step, the gap between
the desired and actual stock of debt is calculated for each year, as
in equation (6), and the gap measure in 2007 is compared with the
one in 1998.

GAP:l—( D1 > (6)
pDiy + (1 -p) Dic

D; is the average of the outstanding debt that is observed in the
SCF data. D7, is the average of the desired stock of debt for uncon-
strained households. Given that unconstrained households borrow

their desired debt levels, D7, will be equal to the average of their

BLag of net worth is not used as an instrument because the data are cross-
sectional.
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outstanding debt (D;). Dj. is the average of the desired stock
of debt for constrained households, p is the probability of being
unconstrained, and (1 — p) is the probability of being constrained.

5. Variables

Following a large number of other studies (Cox and Jappelli 1990,
1993; Crook 1996, 2001; Duca and Rosenthal 1993; Fissell and Jap-
pelli 1990; Gropp, Scholz, and White 1997; Jappelli 1990; Lyons
2003), this study defines households with credit constraints as those
that in the preceding five years were denied credit, or could not get as
much credit as they applied for, or were discouraged from applying
for credit['4 Specifically, a household is considered to have a credit
constraint if it answered yes to either of the following questions:

e In the past five years, has a particular lender or creditor turned
down any request you made for credit or not given you as much
credit as you applied for?

e Was there any time in the past five years that you thought
of applying for credit at a particular place but changed your
mind because you thought you might be turned down?

Previously denied households that were later able to obtain the full
loan amount they requested by reapplying to the same institution or
by applying elsewhere are not included in the sample of constrained
households.

Discouraged households are considered here to be constrained
because the findings by Jappelli (1990) indicate that such house-
holds are similar in characteristics to those that have been turned
down and could be expected to have been rejected if they had applied
for credit.

The net worth variable used in estimating desired debt and the
probability of having credit constraints is defined in appendix B.
The effect of net worth on desired debt levels (the demand side) is

14This definition of being credit constrained is fairly standard in SCF litera-
ture, because SCF data does not have any information on credit scores. Although
it is fairly standard, it is not a perfect measure because households may not nec-
essarily have been credit constrained at the time of the survey, although they
were at some point in the past five years.
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ambiguous. On one hand, households with high net worth can have
less need to borrow against their future income to smooth their
consumption, and thus the amount of debt they demand can be
low; on the other hand, such households have the wherewithal to
demand a high level of debt desired to fund a major purchase (for
instance, home purchase). On the supply side, the creditor-imposed
debt ceiling varies directly with net worth—any lender would con-
sider a household with high net worth to be less risky and would
grant more or higher loans to those households. Nonetheless, the
ambiguous effect of net worth on desired debt means that the effect
of net worth on excess demand for debt and the probability of being
unconstrained are predicted to be ambiguous.

Under the assumption that home purchases are funded with debt,
homeowners are a proxy for individuals with good credit history, and
the creditor-imposed debt ceiling on constrained households is there-
fore expected to be higher for homeowners. From the demand side,
it is possible that individuals purchased their homes because they
were willing to take on larger debt. Homeowners can also choose
to upgrade their homes if they are willing to take on larger debt.
Therefore, the effect of homeownership on desired debt is predicted
to be positive. An increase in desired debt and the debt ceiling will
have an ambiguous effect on the excess demand for debt and the
probability of being unconstrained.

As current income increases, a household’s demand for durables
can increase, resulting in an increase in demand for debt. However,
the increase in current income could instead reduce the need to bor-
row to finance current consumption and thus lower the demand for
debt. On the supply side, lenders will see a household’s increase
in income as an increase in its ability to repay debt and will thus
increase the debt ceiling and grant larger loan amounts. The ambigu-
ous effect of higher income on the demand for debt means that it
will have an ambiguous effect on the excess demand for debt and
the probability of being unconstrained.

The construction of permanent income is based on Cox and Jap-
pelli (1993) and King and Dicks-Mireaux (1981) and is detailed
in appendix C. Following the life-cycle hypothesis, an increase in
permanent income raises desired consumption (including of durable
goods) and thus desired borrowing to finance the increase in con-
sumption. If lenders expect a rise in the ability of households to
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repay their loans, they will increase the debt ceiling, resulting in an
ambiguous effect on the excess demand for debt and the probability
of being unconstrained.

Highly educated households are expected to have greater future
income and therefore to have a higher desired consumption and
demand for debt and a higher debt ceiling. Thus, the relationship
between the probability of being unconstrained and education level
is ambiguous. Being unemployed proxies for low expected future
income, resulting in a decline in desired consumption, desired debt,
and the debt ceiling. Hence, the relationship between the probability
of being unconstrained and being unemployed is likewise ambiguous.

Age is defined here, as in the literature, by a spline function.
According to the LCPIH, individuals have the highest level of desired
stock of debt during their middle years, and a spline function for age
captures the life-cycle features of desired debt. The spline function—
see Cox and Jappelli (1993)—is defined as follows:

o Age(M) = Age if age < 24; Age)) = 24 otherwise,

o Age(® = Min (Age — 24, 10) if age > 24; Age(®) = 0 otherwise,
o Age® = Min (Age - 34, 10) if age > 34; Age®) = 0 otherwise,
o Age™ = Min (Age — 44, 10) if age > 44; Age!*) = 0 otherwise,
o Age® = Min (Age - 54, 10) if age > 54; Age(® = 0 otherwise,
o Age(®) = Age — 64 if age > 64; Age(®) = 0 otherwise.

As in Crook (1996) and Jappelli (1990), age has an ambigu-
ous relationship with the probability of being unconstrained. The
debt ceiling is likely to increase with the age of the household head
because the probability of default declines with the advancing age of
the head. On the demand side, there are two effects. If young house-
hold heads expect their income in future periods to be much greater
than their current income, they will demand more debt than older
household heads. If the rate of time preference is low relative to the
real rate of interest, the household will delay consumption, and the
desired consumption and debt will increase with age. Because of the
ambiguous effect of age on demand for debt, the net effect of age on
the probability of being unconstrained is ambiguous.

As noted in Jappelli (1990), desired consumption by married cou-
ples can be lower because of economies of scale in the consumption
of durables. But married couples may demand more debt, especially
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if one spouse is not working and is dependent on the working spouse.
From the supply side, lenders will increase the debt ceiling for mar-
ried couples because they are less mobile and both partners can be
responsible for repaying the loan. Because of the ambiguous effect
on demand for debt, excess demand for debt and the probability of
being unconstrained are ambiguous for married couples.

The effect of race and gender on the probability of being uncon-
strained is ambiguous. Compared with others, because of their
lower expected future income, nonwhites and females may have
lower desired consumption and desired borrowing, and they may be
granted lower amounts of credit. The result is an ambiguous effect on
excess demand for loans. As family size increases, desired consump-
tion increases and so does the desired debt level. Crook, Thomas,
and Hamilton (1992) show that the probability of default rises with
the number of children, which leads to a predicted decline in the
debt ceiling; the result is a greater excess demand for debt and a
lower probability of being unconstrained. Crook (1996) argues that
households with foreseeable large expenses in the next 5 to 10 years
would desire higher debt to pay for those expenses but are credit
constrained. In this case, the excess demand for debt is predicted to
be higher and the probability of being unconstrained is lower.

Household preferences for holding debt are proxied by whether
they are risk averse. Households that are willing to borrow to finance
educational and living expenses, a vacation, and purchase of lux-
ury items and a car will hold more debt; but from the supply side,
lenders will be unwilling to grant them high loan amounts. So, with
the willingness to borrow, the excess amount of desired debt will
increase and the probability of being unconstrained will decline. In
contrast, risk-averse households will be willing to hold less debt, save
more, and wait to consume at later stages in their lives when they
are financially more secure. So risk-averse households are expected
to desire less debt. From the supply side, the debt ceiling will be
higher for risk-averse households because lenders will perceive them
as being less likely to default. Given risk aversion, the excess demand
for debt will decline, and the probability of being unconstrained will
be greater.

Expectations about interest rates five years from now can also
affect the willingness of households to consume today and borrow.
If households expect interest rates to be lower in the next five years,
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they will probably prefer to save and invest today and wait to borrow
and consume. Thus, their desired debt is expected to be low. From
the supply side, lenders would prefer to grant loans at higher interest
rates today, so current debt ceilings are expected to be high. With
a household’s expectation of lower future interest rates, the excess
demand for debt is expected to decline and the probability of being
unconstrained is expected to increase.

All of the above variables are included as regressors in deter-
mining both the desired stock of debt and the probability of being
unconstrained. Additional regressors, which are generally requested
in loan application forms, are considered in determining the proba-
bility of being unconstrained. These regressors are number of credit
cards owned, whether the household has a checking account, whether
the household received public assistance, the household head’s time
at the current job and at the current address, and whether the house-
hold had any problems making previous loan payments. Time at the
current job and time at the current address proxy for the house-
hold’s mobility and can be important factors in lenders’ decisions
on whether to grant loans.

6. Data and Descriptive Statistics

The SCF data, collected every three years under the auspices of the
Board of Governors of the Federal Reserve System, contain detailed
information about household balance sheets, income, use of financial
services, past and current employment histories, retirement plans
associated with their previous and current jobs, and demographics.
The SCF sample of households is based on a dual-frame design in
which the SCF oversamples wealthy households. To adjust for the
oversampling, the SCF staff construct sampling weights with the
post-stratification technique; the weights are provided in the data
set of each survey’s results

The SCF staff impute missing data with a multiple imputation
technique involving six iterations. The sixth iteration produces the
five implicates published in the data set—see Kennickell (1991).

5Kennickell, McManus, and Woodburn (1996) give detailed information on
sampling and the construction of the weights.
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To adjust for oversampling of wealthy households, the analysis
throughout the present study takes into consideration the sampling
weights. Meanwhile, the paper corrects for sampling variance by
bootstrapping standard errors. The analysis is based on implicate
1 because the replicate weights for bootstrapping are valid only for
implicate 1. The paper does not adjust for multiple imputation ™ If
statistics are not adjusted for multiple imputation and corrected for
imputation uncertainty, the estimated standard error of a statistic
will be smaller than the true standard error and the significance of
variables will be overestimated (for instance, it may be concluded
that a variable is significant at 1 percent even though it is significant
at 5 percent or 10 percent, or it is not significant at all).

Observations in which permanent income is missing or family
income is negative are deleted. All values are expressed in 2007 dol-
lars. The distributions for total debt, net worth, income, permanent
income, and the amount of inheritance that households expect to
receive are highly skewed; a log transformation has been applied to
normalize the distributions[']

The descriptive statistics for 1998 and 2007 were adjusted for
population by using the sampling weights provided by the SCF
staff. In both 1998 and 2007, the characteristics of debt-holding
households and unconstrained households in comparison with other
households were generally as expected (tables 2 and 3).

16The SCFCOMBO module (https://ideas.repec.org/c/boc/bocode/s458017.
html) in Stata corrects for imputation uncertainty by estimating five sets of
coefficients from five data sets, and meanwhile corrects for sampling variance by
bootstrapping standard errors with the replicate weights (wgt1-wgt999) provided
for implicate 1. Users can use the scfcombo command to run simple models; that’s
purely run dependent variables on several independent variables. It is not fit for
advanced models such as probit models with instrumental variables and two-stage
least-squares models, which are used in this paper. Therefore, in this paper, it
is not possible to correct for imputation uncertainty by using the SCFCOMBO
module.

It is also possible to correct for the imputation uncertainty with the user-
written micombine.ado file or mi estimate command in Stata. For mi estimate
and micombine commands, all five implicates should be used and five sets of
coefficients should be estimated. However, if these commands are used, it is not
possible to bootstrap standard errors, because bootstrap replication weights are
valid only for the first implicate and are not available for the other (four) impli-
cates. Therefore, in this paper, it is also not possible to correct for imputation
uncertainty by using the micombine.ado file or mi estimate command.

"Following Crook and Hochguertel (2006), the following transformations have
been applied: If x < 0, then —In (1 — x). If x > 0, then In (1 + x).


https://ideas.repec.org/c/boc/bocode/s458017.html
https://ideas.repec.org/c/boc/bocode/s458017.html
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7. Results

Regression results for equations (3), (4), and (5) are provided for
1998 in table 4 and for 2007 in table 5. The regressions adjust for the
survey nature of the SCF data by using the sampling weights, and
they apply the bootstrap technique by using the replicate weights
provided in the data. Table 6 displays the gaps between actual
and desired debt levels. The regression results obtained from the
construction of permanent income are presented and discussed in
table C.2 in appendix C.

For 1998, the results for equation (3) show that homeownership,
income, permanent income, and years of education had a positive
relation with the desired stock of debt (table 4). A 1 percent increase
in family income would increase the desired stock of debt by 0.249
percent. Likewise, a 1 percent increase in permanent income would
increase the desired stock by 0.952 percent. Households between
44 and 54 years of age would desire more debt as they aged, and
risk-averse households would desire less debt.

Likewise, the results for equation (3) for 2007 show a higher
desired debt for homeowners and for households with high income
and high permanent income, and lower desired debt for households
that are risk averse in their savings or investments (table 5). The
desired stock of debt was greater for household heads that were mar-
ried, that had more family members, and that were willing to borrow
to finance educational expenses. The unemployed demanded less
debt. Younger household heads, households with foreseeable large
expenses, and households that were willing to borrow to finance the
purchase of a car demanded more debt, but only at the weakest (10
percent) significance level.

The effect on desired debt from variations in homeownership,
income, being unemployed, family size, having foreseeable large
expenses, and being risk averse are consistent with the findings of
Crook (2001), Crook and Hochguertel (2006), and Duca and Rosen-
thal (1993). Desired debt varies significantly and directly with per-
manent income, a result consistent with the findings of Cox and
Jappelli (1993) and Crook and Hochguertel (2006). Some of the pre-
vious literature found desired debt to be negatively related to age for
household heads in the later stages of their lives (Cox and Jappelli
1993; Crook and Hochguertel 2006; Gropp, Scholz, and White 1997),
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whereas this study finds a positive relation for household heads that
are 44 to 54 (as well as, like other studies, in their 20s).

For 1998, the results for equation (4) show that net worth had a
negative relation with the likelihood of holding debt (table 4). For
instance, if net worth increased from $5,000 to $15,000, the probabil-
ity of holding debt declined by about 3 percent'q Households that
owned homes were more likely to hold debt, by 34 percent, than other
households. Income, permanent income, and years of education also
had a positive effect on the probability of holding debt. Unemployed
and risk-averse households were less likely to hold debt. More likely
to hold ddebt were households with large families, or with foresee-
able large expenses that they had to pay in the next 5 to 10 years, or
that were willing to borrow to finance their vacation expenses and
car purchases.

The findings for likelihood of holding debt in 2007 (table 5) are
mostly similar to those for 1998. The notable differences are that,
in 2007, household heads that were younger than 24 or between 34
and 45 were more likely to hold debt as they aged, but only at the
10 percent significance level. Also, in 2007 unlike 1998, education
level and attitudes toward credit to finance vacations or educational
expenses did not have any effect on the probability of holding debt.

With respect to the probability of being unconstrained, the
results for equation (5) show that, in 1998, household heads aged
55 years or older were more likely to be unconstrained as they aged
(table 4). Also more likely to be unconstrained were households that
stayed longer in their current neighborhood, had a good credit his-
tory, almost always or always paid off their total balances in their
credit cards, and were timely on their loan payments. Less likely to
be unconstrained were households with large foreseeable expenses
in the next 5 to 10 years and households that were willing to bor-
row to finance their living expenses, purchases of luxury items, and
educational expenses.

The findings for 2007 show that net worth had a negative effect
on the probability of being unconstrained (table 5). Households that
owned homes were more likely to be unconstrained (by 18 percent),
as were households with more permanent income, more credit cards,

8 That is, (In $15,000 — In $5,000) * 0.028 = 0.0308.



Vol. 16 No. 2 Relaxed Lending Standards 325

no welfare payments, good job tenure, and a good record of credit
card and loan payments. Households were more likely to be uncon-
strained as they aged, particularly those in the group between ages
44 and 55 and older than 64. Households were less likely to be uncon-
strained if the household head was black and male, or if the house-
holds had foreseeable large expenses in the next 5 to 10 years, were
willing to borrow to finance living and educational expenses, and
were risk averse in their savings or investments. These results on
probability of being unconstrained are generally consistent with the
findings of Cox and Jappelli (1993), Crook (1996, 2001), Duca and
Rosenthal (1993), and Jappelli (1990).

Table 6 shows averages of desired and actual stocks of debt for
age and income subgroups of unconstrained and constrained house-
holds in 1998 and 2007, along with the gap between the two debt
measures. It indicates that (i) households overall had higher desired
debt levels and lower probabilities of being credit constrained in 2007
than in 1998, (ii) each subgroup of constrained and unconstrained
households desired higher levels of debt in 2007, and (iii) only some
of the subgroups had a lower probability of being credit constrained
in 2007 than in 1998 (34 or younger, or between 44 and 65, or had
income greater than $60,000) 19

Overall, the borrowing gap increased from about 38.91 percent
in 1998 to about 41.60 percent in 2007 (table 6). But the gap
declined for some households, namely those with household heads 34
or younger, or between 54 and 65, or with income between $30,000

19When the analysis is extended to periods 2001 and 2004, the results show an
evolving trend for decline in the probability of being credit constrained.

From 2004 to 2007, for the overall sample (without classifying households into
age or income groups), there was a decline in the probability of households being
credit constrained. This result implies that a lower percentage of households were
denied for credit.

The decline in the probability is also observed as follows:

e from 1998 to 2001, for households in age groups (24 < age < 34) and
(44 < age < 54) and for households with income > $60,000;

e from 2001 to 2004, for households in age groups (age < 24) and (age >
64) and for households with income > $100,000;

e from 2004 to 2007, for households in age group (age < 64) and for house-
holds with income < $345,000.
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and $60,000 or above $345,000 20 The decline in the gap implies that
households on average obtained a greater fraction of their desired
debt. For instance, among the younger age groups in 2007, the
group 24 or younger borrowed more and obtained about 9 percent-
age points more of their desired debt, and the group between 54 and
65 obtained about 6 percentage points more of their desired debt.
The group with income between $30,000 and $60,000 obtained about
5 percentage points more of their desired debt in 2007 21

29The decline in the gap for the group with income above $345,000 is consistent
with earlier findings that high-income households may also have benefited from
the relaxed lending standards (Foote et al. 2008; Keys et al. 2009).

2!The analysis is extended to periods 2001 and 2004.

From 2001 to 2004 and 2004 to 2007, for the overall sample (without classify-
ing households into age or income groups), there was an increase in desired debt
for both unconstrained and constrained households. Meanwhile, the gap declined
and credit-constrained households obtained a greater fraction of their desired
debt.

From 1998 to 2001, for households with income > $345,000, there was a decline
in desired debt for both unconstrained and constrained households in this income
group. Meanwhile, the gap declined.

From 2001 to 2004:

e For any age group, there was an increase in desired debt for unconstrained
households and also for constrained households (except for the constrained
households in age group (24 < age < 34).

e For households in age groups (age < 24) and (44 < age < 54) and for
households with $30,000 < income < $100,000, there was an increase in
desired debt for unconstrained and constrained households in this age
and income group. Meanwhile, the gap declined and credit-constrained
households obtained a greater fraction of their desired debt.

From 2004 to 2007:

e There was an increase in desired debt for unconstrained households in
age groups (24 < age < 34 and age > 54) and constrained households in
age groups (24 < age < 54 and age > 64). For any age group, the gap
declined and credit-constrained households obtained a greater fraction of
their desired debt.

e There was an increase in desired debt for unconstrained households with
$60,000 < income < $345,000 and for constrained households with income
< $345,000. For households with income < $30,000 and income > $100,000,
the gap declined and credit-constrained households obtained a greater
fraction of their desired debt.
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8. Conclusions

This study is motivated by the 2007 subprime crisis and the findings
in the literature that declines in lending standards and increases in
household debt were some of the contributors to the crisis. The goal
here is to examine changes in household borrowing behaviors and
debt following the decline in lending standards. Using the 1998 and
2007 data collected under the sponsorship of the Board of Governors
of the Federal Reserve System in its triennial Survey of Consumer
Finances, this study aims to determine whether the decline in lend-
ing standards in the years between those two surveys was accom-
panied by (i) a desire by households for more debt, (ii) a decrease
in the likelihood that households would be credit constrained (that
is, an increase in the likelihood that they could get all the credit
they desired), and (iii) an increase in the proportion of desired debt
obtained by credit-constrained households.

The analysis uses the self-reported credit-constraint indicators
from the survey data in computing the gap between households’
desired and outstanding debt levels. It compares the gap in 1998
(when subprime lending was in effect but before the decline in lend-
ing standards) with the gap in 2007 (when lending standards had
been in effect for some time). Desired debt has long been a topic
of study, but this is the first analysis to look at households’ desired
debt in the run-up to the subprime mortgage crisis.

Because desired debt is not directly observed, the gap measure
is constructed in three steps, as in Cox and Jappelli (1993). The
first step is to estimate the desired debt for indebted and uncon-
strained households. The second step is to compute the desired debt
for constrained households by using the estimated coefficients from
the first step. The third step is to calculate the difference between
the predicted debt and the observed debt levels. This paper applies
these steps for 1998 and 2007.

The paper also extends the literature on household debt by
including the 1998 and 2007 SCF data on wealthy households.
(Those households are oversampled by the SCF; the present analy-
sis corrects for the oversampling by using the sampling weights that
are provided in the SCF data.) This paper also instruments net
worth, constructs a permanent-income variable, controls the regres-
sions for the constructed permanent-income variable, and bootstraps
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standard errors with the replicate weights that are provided in the
data.

The findings show that (i) households desired more debt in 2007
than in 1998; (ii) the likelihood of being credit constrained declined
from 1998 to 2007 for households headed by someone who was
34 years of age or younger or between the ages of 44 and 65, and for
households with an annual income above $60,000; and (iii) credit-
constrained households received more of the credit they desired in
2007 than in 1998 if they were headed by someone 34 years of age or
younger or between the ages of 54 and 65, or if they had an income
between $30,000 and $60,000 or more than $345,000.

These results suggest that it is well worth the effort for regulators
to track these attributes of borrowing behaviors and debt as part of
their intensified efforts to preserve financial stability.

Appendix A

MCLI’CIF (Cl) = U(Cl) -+ U[(l + 7") (Al + Yl — Cl) + YQ] (Al)

subject to

. Y2
<A Y] B A2
Ci <A+ 1—|—m1n< C’l—i—r) (A.2)

>0 (A.3)

F'(C)=C{*+ Yo+ (1+7r)(A1+Y1—C1)) “(=(1+7))=0
Cro=1+47)(Yat+ (147 (A +Y1 —C) "
Cr=0+7r) Y Yo+ (1 47) (A +Y: — 1))

Cr=1+7r) Y Yo+ (1+r) (A +Y1) -1+ 2

(1+7) " (Yo + (1+7) (A + Y1)

Cy =
' 1+ (147)-=

In order to check whether the critical point C} is a maxi-
mum point or not, F'(Cy)is written as U(C1) + U (R — 5C1), where
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R=Y,+(1+4r)(A1+Y1)and 5= (1+7).
F'(Cy) = C1 " + (R—=BC1) " (=P)

F"(Cy) = —aC7* ' 4+ 32 (—a) (R — Cy)”*' < 0. Thus, the crit-
ical point is a maximum point.
The range that C; can take is (0, A} +Y; + min(BC, £2.)).

> 14
Denote Ay 4+ Y7 + min(BC, ILJFZT) as Q.
Let P be the optimal solution for C}.
If P < Q, there is no boundary solution. Thus, Cf = P =
(L4r) " (Yo +(147) (A1 4Y1))
14+(14+r)' & '
If P > Q, there is a boundary solution. Thus, C7 = Q =

A, + Y} + min (BC, fii) .

Appendix B

B.1 “Total Loan” Derivation

The dependent variable “total loan” is the outstanding debt level in
credit or store cards, mortgage loans on principal residence, other
loans received for the purchase of principal residence, home improve-
ment loans, loans received for the purchase of investment real estate
and vacation properties, lines of credit, vehicle loans, education
loans, and other consumer loans. All the outstanding debt levels
are expressed in 2007 dollars.

B.2 “Net Worth” Derivation
Net Worth = Financial Assets + Nonfinancial Assets — Debt

Financial assets include dollar value accumulated in pension
accounts and IRA /Keogh accounts, savings/money market accounts,
annuities, trusts, and managed investment accounts, checking
accounts, certificates of deposit, mutual funds, savings bonds,
bonds other than savings bonds, publicly traded stocks, call money
accounts/cash at stock brokerages, and cash-value insurance.

Nonfinancial assets include value of business interests, owned
vehicles, equity in principal residence, real estate investments, vaca-
tion properties, and any other assets (artwork, precious metals,



332 International Journal of Central Banking March 2020

antiques, oil and gas leases, futures contracts, future proceeds from
a lawsuit or estate, etc.).

Debt includes outstanding loans on pension plans from cur-
rent job, margin loans at a stock brokerage, outstanding loans on
cash-value insurance policies, outstanding vehicle loans, outstanding
loans or mortgages on investment real estate, vacation properties,
and principal residence; any other outstanding loans used to pur-
chase principal residence; outstanding loans on principal residence
improvement; outstanding loans on credit/store card debts; lines of
credit; any money owed to business; education loans; other consumer
loans; and any other debt not recorded earlier.

Appendix C

Based on King and Dicks-Mireaux (1981),
logV; =~2; — C(4;) + si, (C.1)

where Y; is the permanent income of individual i; Z; is a vector of
observable variables (education and occupation) for individual 4; vy is
the associated coefficient for Z;; A; is individual ¢’s age in the sample
year; C' (A;) is a cohort effect, which reflects the fact that for a given
Z, younger generations are better off than older generations due to
technological advances and capital accumulation; and s; is an error
term that measures individual ¢’s unobservable characteristics (skill,
good fortune, etc.). Also, s; has a population mean of zero and a
variance of o2.

log Bt =log Y, + h(Aj — A) + uy, (C.2)

where Ej; is the earnings for individual i at period ¢, A is a standard
age with respect to which permanent income is defined, h (A;; — A)
is the age earnings profile which is assumed to be constant across
the population, and u;; is the unobservable transitory component of
earningslq Moreover, u;; is uncorrelated with s; and has a mean of
zero and a variance of o2.

22The age earnings profile is the mean earnings of workers at various ages.
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Combining equations (C.1) and (C.2) gives earnings equation
(C.3).
log By = v Z; + g (Ai) + 85 + wig, (C.3)

where g (A1) = h (A — A)—C (A;) and is approximated by a cubic
function of age. Additionally, s; + u;; is the error term and has a
mean of zero and a variance of o2 + 2.

There are two ways to estimate permanent income. The first esti-
mate is based on equation (C.1). Using equation (C.1) and omitting
the unobservable individual effects s; in equation (C.1), permanent
income can be estimated as in equation (C.4).

log Y;e = ’}/ZZ - C (Ait) (04)

The second estimate is based on equation (C.2). Permanent
income is estimated as in equation (C.5), by using the age earnings
profile and the information contained in the observation of current
earnings. This second estimate includes the unobservable transitory
component of earnings.

log Y =log E; — h(Ay — A) (C.5)

Following King and Dicks-Mireaux (1981), a more efficient esti-
mate is obtained by taking a weighted average of (C.4) and (C.5).
This procedure gives (C.6):

log Yie =« {log Eit —h (Ait — Z)} + (]. - a) {’y Zl - C (Azt)}
(C.6)
Substituting (C.3) into (C.6) gives (C.7):

log Y;-e =vZ; — C (Azt) + « (Si + uit). (C7)

Based on Cox and Jappelli (1993) and King and Dicks-Mireaux
(1981), permanent income is predicted separately for men and
women in each year, 1998 and 2007. The category “men” includes
household heads that are male or spouses of female household heads.
The category “women” includes household heads that are female
or spouses of male household headsPd The steps below describe in

*Household heads with a spouse from the same gender are excluded. In 2007
SCF (including all the five implicates), out of 17,560 male household heads, 50 of
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detail the estimation of permanent income separately for men and
women in 2007. The same steps are applied for 1998. While pre-
dicting permanent income, individuals with negative earnings are
deleted from each of the samples

As the first step, earnings equation (C.3) is estimated separately
for each of the following two samples: men with annual earnings
greater than $8,000 and women with annual earnings greater than
$8,000 Individuals with zero earnings or annual earnings less than
or equal to $8,000 are excluded from the estimation 29 Any possi-
ble bias that may arise from excluding individuals with low or zero
earning levels is corrected by Heckman MLE (maximum-likelihood
estimation). In the first stage, a selection equation is estimated for
the full sample to predict individuals with annual earnings greater
than $8,000 (table C.1, panel A). The selection equation controls for
determinants of zero or low earnings. The Heckman MLE results are
displayed in table C.2.

As the second step, permanent income is predicted separately
for the following samples: men with annual earnings greater than
$8,000 ($8,000 < E;); men with annual earnings less than or equal
to $8,000 (30 < E; < $8,000); women with annual earnings greater

them have a spouse from the same gender. Out of 4,530 female household heads,
15 of them have a spouse from the same gender.

In 1998 SCF (including all the five implicates), out of 16,805 male household
heads, 165 of them have a spouse from the same gender. Out of 4,720 female
household heads, 115 of them have a spouse from the same gender.

24The “men” sample, in the 2007 SCF, has a total of 17,575 observations, and
20 of those observations have negative earnings. Likewise, the “women” sample
has a total of 19,320 observations, and 15 of those observations have negative
earnings. In the 1998 SCF, the men sample has a total of 16,670 observations,
and 10 of those observations have negative earnings. The women sample has a
total of 18,355 observations, and 5 of those observations have negative earnings.

#King and Dicks-Mireaux (1981) use $2,000 as the earnings level. This earn-
ings level corresponds to the 1976 data. The $2,000 in 1976 is equivalent to $8,000
in 2007 and $6,000 in 1998. Therefore, this paper uses an earnings level of $8,000
for the 2007 survey and $6,000 for the 1998 survey, while estimating earnings
equations for individuals with earnings above a certain level.

2Following King and Dicks-Mireaux (1981), earnings equation (12) assumes
that individuals are in full-time employment. Hence the earnings equation is
estimated for individuals with earnings levels greater than $6,000 ($8,000). For
a detailed argument in favor of excluding individuals with low earnings, please
refer to King and Dicks-Mireaux (1981).
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Table C.1. Estimation of Permanent Income

Variables

Definitions

A. Selection Equation

Dependent Variable

Marital Status
Education
Age < 22

Age > 65
Nonworker

Part-Time Worker
Financial Assets

Number of Children
under Age 18

1 if annual earnings greater than $6,000 in
the 1998 survey or $8,000 in the 2007
survey, 0 if less than or equal to $6,000
($8,000) or equal to zero.

1 if married

1 if elementary or less education

1 if age less than 22 years old

1 if age greater than 65 years old

1 if not currently employed/not
self-employed or waiting to start work

1 if current job is part time

Financial assets for the family
(self-constructed, see appendix B)

Number of children under 18 that live in the
housing unit

B. Earnings Equation

Dependent Variable
Age

Agesq

Age-cubed
Education

Occupation

Race
Marital Status

Natural log of annual earnings

Age

Age squared

Age cubed

1 if none or elementary school

2 if middle school or some high school
3 if high school graduate

4 if some college

5 if college graduate

6 if graduate or professional school

0: not doing any work for pay

: manager and professional

: technical, sales, and administrative
: services

: production, craft, and repair

: operators and laborers

6: farming, forestry, and fishery

1 if household head is black

1 if married

QU s W N~

Note: While calculating annual earnings, it is assumed that there are 52 weeks in a year,
and for hourly workers it is assumed that they work 40 hours a week.
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than $8,000 ($8,000 <E;); and women with annual earnings less than
or equal to $8,000 ($0 < E; < $8,000) (table C.1, panel B).

In order to predict permanent income for men with annual earn-
ings greater than $8,000, equation (C.7) is estimated. While esti-
mating equation (C.7), the same vector of explanatory variables (Z),
estimated  coefficient values, and estimated residuals from step 1,
earnings equation (C.3), are used. Standard age is taken as 45 and
the cohort effect is taken as 0.75 percent. For instance, C'(A;)=
(Age-45)*(0.0075). The a value is assumed to be 0.5.

However, for men with $0 < FE; < $8,000, permanent income
is predicted by equation (C.4), but by using the same vector of
explanatory variables (Z) and the estimated «y coefficient values from
earnings equation (C.3) in step 1. The cohort effect is still taken as
0.75 percent and standard age is taken as 45.

An initial permanent income is estimated for women with $0 <
E; < $8,000 or $8,000 < E; by applying the same procedures as used
for males. In contrast to the procedure for males, a final permanent
income is estimated by using the initial permanent-income estimate
and adjusting it for the possibility of nonparticipation in the labor
force by women and using the estimated probabilities of having low
Or no earnings.

Y =Y prob (E; > $8,000) + E,, prob($0 < E; < $8,000)

Y is the initial permanent-income estimate for women, E; is annual
earnings in the sample year, and F,, is mean earnings of women with
annual earnings less than or equal to $8,000 ($0 < E; < $8,000). The
probabilities of earnings being above and below $8,000 are computed
for each woman in the sample from the probit regression estimated
in the first stage of the Heckman model in step 1.

Permanent income for households is constructed by summing the
computed permanent incomes for household head and the spouse.
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