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Beginning with the global financial crisis (2008), the corre-
lation between crude oil prices and medium-term and forward
inflation expectations increased, leading to fears of their un-
anchoring. Using the first principal component of commodity
prices as a measure for global aggregate demand, we decom-
pose nominal oil prices to a global demand factor and an
idiosyncratic factor. In a Phillips-curve framework, we find a
structural change after the collapse of Lehman Brothers when
inflation expectations reacted more strongly to global aggre-
gate demand conditions. Within this framework, we find no
evidence that expectations became un-anchored.

JEL Codes: E52, E58, E31, E32.

1. Introduction

The sharp decline in oil prices beginning in late 2014 sparked a
debate about their effect on inflation and the world economy (e.g.,
Chen et al. 2015; Baumeister and Kilian 2016a, 2016b). This decline
lowered inflation in the short run and, in some cases, resulted in
negative inflation (International Monetary Fund (IMF) 2016). More
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surprisingly, data from the United States and France show that oil
prices have a strong correlation with inflation expectations for the
medium term, as measured by five-year breakeven inflation rates
(Figure 1) Before the global financial crisis (GFC), this correlation
was weaker, and expectations were firmly anchored at 2 percent.
However, from the onset of the GFC, the correlation is quite high.
While this phenomenon is more visible in medium-term inflation
expectations, since 2014, we can observe a similar pattern for longer-
term inflation expectations, namely the five-year, five-year-forward
breakeven rates. At the time, central bankers were concerned that
this change might indicate an erosion of the anchoring of expec-
tations (e.g., IMF 2016). Figure 1 also shows five-year breakeven
rates in the United Kingdom. Admittedly, they show weaker corre-
lation with oil prices, which even decreased after the crisis. How-
ever, our subsequent analysis shows that this is due to idiosyncratic
components of U.K. expectations, as the common component of all
three economies became more correlated with oil prices (and other
commodities) since the GFC.

Our main contribution is to test whether inflation expectations
became un-anchored since the GFC using a semi-structural frame-
work based on a global Phillips curve. Because the correlation
between oil prices and inflation expectations increased in several
large economies, we believe that using a global framework is the
proper approach. We hypothesize that oil prices contain informa-
tion about global economic activity in addition to specific oil-related
developments. We separate these two components by noting that
global conditions should also affect other commodities. Therefore,
we construct a measure of global aggregate demand by extract-
ing a common factor from various commodity prices. We also con-
struct measures of global inflation and monetary rates. Using this
approach, we find a structural change in the effect of global demand
conditions on global inflation expectations following the onset of the
GFC. Controlling for global aggregate demand, we find no change in
the impact of oil-market-specific developments on inflation expecta-
tions. Furthermore, we find no evidence that expectations became

'Due to data availability, we use French breakeven rates as a proxy for euro
zone expected inflation.
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Figure 1. Inflation Expectations and
Commodity Prices (2001-18)
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Source: Bloomberg and the Bank of England.

Note: Panel A shows 12-month moving averages of Brent crude oil prices and
five-year breakeven inflation rates. Panel B shows correlations between five-year
breakeven inflation rates and 20 commodity prices (all computed on monthly
data) in the pre-crisis period (x-axis) versus the post-crisis period (y-axis). The
figures also depict the 45-degree line to highlight which correlations increased
since the crisis and which decreased. The sample for the pre-crisis period begins
at 2001:M1 or with the first breakeven inflation data available (see panel A).

more backward-looking. We conclude that expectations remained
anchored but react more strongly to global conditions since the GFC.

The correlation between oil prices and expected inflation was
salient and highly discussed among policymakers in recent years.
However, our conjecture that global economic activity was the cause
of this increase is strengthened by noting that correlation between
prices of other commodities, mainly metals, and expected inflation
was even higher (Figure 1B). Thus, what was initially attributed to
oil is actually a broader phenomenon that relates to various com-
modities. At first glance, this phenomenon is puzzling, since we do
not expect a correlation between (expected) rates of change in the
CPI in the medium term and levels of commodity prices. However,
we argue that commodity prices convey information regarding global
aggregate demand, which we expect to be correlated with inflation
expectations.
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Killian, in numerous studies, already showed that oil prices con-
vey information about global economic activity (Barsky and Kilian
2002, 2004; Kilian 2008, 2009; Kilian and Hicks 2013). We extend
Killian’s general approach by noticing that various commodities
other than oil also convey such information. While each commod-
ity is affected by idiosyncratic supply and demand conditions, they
are also affected by common “global aggregate demand” conditions.
Since idiosyncratic changes in the price of one commodity may affect
other prices in different directions (depending on substitution and
income effects), a factor that moves the prices of all commodities
in the same direction is global aggregate demand 2 Exploiting the
fact that a large number of commodity contracts are traded in
financial markets, we use their first principal component to identify
global aggregate demand. The advantage of using these prices is that
they are derived from almost perfect markets: they are standardized
goods, traded in thick markets, and there is global full information
of their prices. Figure 2 shows that the first principal component
of commodity price inflation is strongly correlated with changes in
measures of the global output gap (correlation coefficients higher
than 0.8).

In the first part of the paper, we use this measure in a non-
structural model to examine the increase in the correlation between
oil prices and medium-term inflation expectations. A simple regres-
sion shows that global aggregate demand is mainly responsible for
this increase. The residual change in oil prices, not related to global
aggregate demand, has a stable correlation with inflation expecta-
tions. To ensure that we correctly identify idiosyncratic changes in oil
prices, we instrument the residual with specific variables affecting oil
and energy prices idiosyncratically, namely, OPEC’s strategic behav-
ior and changes in oil supply and demand caused by the weather.
We construct a novel proxy for OPEC’s behavior by using a tally of
articles from the London Times. We examine articles that mention
OPEC and classify them by the sentiment arising from the text. Our
proxy is constructed as the net number of articles suggesting OPEC

2Alquist, Bhattarai, and Coibion (2020) arrived independently at a similar
decomposition. In the same spirit, Perez-Segura and Vigfusson (2016) identified
changes in oil prices as demand induced if they have the same sign as changes in
equity and metal prices.
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Figure 2. Changes in the Global Output Gap
and the First Principal Component of
Commodity Price Inflation (2001-18)
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Source: OECD (Economic Outlook No. 104, November 2018), Bloomberg, and
authors’ calculations.

Note: Both measures of the change in output gap are based on annual world GDP
volume to U.S. dollar market prices. We constructed the measures as the annual
change in detrended global output. In the first measure, output is detrended using
an HP filter, and in the second measure using a trend of a 10-year moving-average
growth rate (in the second method, the level of the output gap is normalized to
equal the HP-filter gap in 2005).

is expanding supply, minus the number of articles indicating supply
reduction. We also use temperature variables from five continents
to capture changes in the demand and supply for oil arising from
abnormal weather conditions.

In the second part of the paper, we address the question of
whether our results imply an un-anchoring of inflation expectations.
For this purpose, we first have to define un-anchoring. Blanchard
(2016) defines un-anchoring as an increase in the backward-looking
component of inflation expectations or an increase in their persis-
tence. Beechey, Johannsen, and Levin (2011) define it is an increase
in the correlation of inflation expectations with idiosyncratic shocks
such as oil prices.

Utilizing our decomposition of oil prices in such a framework
allows us to identify the channel by which inflation expectations
react more strongly to the global demand factor. We estimate a
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reduced-form global Phillips curve, taking a similar approach to that
of Ciccarelli and Mojon (2010) and Diebold, Canlin, and Yue (2008),
who used global principal component analysisE‘ We exploit the fact
that all advanced economies are part of the monetary regime referred
to as “inflation targeting.” The United States, the European Cen-
tral Bank, and, to some extent, the United Kingdom are perceived
as the global anchors of this regime. Therefore, there is a common
factor of medium-term inflation expectations in these economies,
which we estimate using the first principal component of five-year
breakeven rates. Similarly, we construct measures of global infla-
tion and global monetary policy. This method removes idiosyncratic
components from expected inflation and bond markets from which
these expectations are extracted (for example, the shock of Brexit on
the London capital market). Another advantage of this approach, as
compared with single country estimations or a panel estimation, is
that it fits the simpler closed-economy model (nonetheless, we show
that our results hold in panel estimation as well).

In the Philips-curve framework, we find, again, an increase in
the effect of global aggregate demand on global inflation expecta-
tions after the GFC. Within the assumptions of the model we used,
we can reject the hypothesis of un-anchoring, i.e., we do not find evi-
dence that expectations became more backward-looking or that they
react more to idiosyncratic oil-price changes. Instead, we attribute
our findings to an increase in the slope of the global Phillips curve
following the GFC. This finding is consistent with a growing effect
of global conditions on country-specific inflation expectations.

Our approach and findings relate to a growing strand of lit-
erature, which argues that globalization changed the evolution of
inflation in recent years (Borio and Filardo 2007; Thrig et al. 2010;
Auer, Borio, and Filardo 2017; Berganza, Borrallo, and del Rio 2018;
Forbes 2019). As global integration gathered momentum, global fac-
tors have had an increasingly important role in determining inflation.
This literature supports our approach of estimating a global Phillips
curve to test for the un-anchoring of inflation expectations. It is also

3Ciccarelli and Mojon (2010) and Diebold, Canlin, and Yue (2008) analyzed
global inflation and common global factors in bond yields using principal com-
ponent analysis, respectively.
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consistent with our finding that the role of global economic slack has
become more dominant in determining inflation expectations.

For policymakers, our findings imply that the increased effect of
global conditions on medium-term inflation expectations does not
necessarily imply the un-anchoring of expectations. We find that
there is a possibility that the slope of the global Phillips curve
increased after the global financial crisis, which suggests that there
are fewer frictions in the global economy and particularly in prices.
Another possibility, recently raised by Morris and Shin (2018), is
that central bankers’ communication of perhaps, according to our
findings, unjust fears of un-anchoring, has affected inflation expec-
tations.

The rest of the paper is organized as follows. Section 2 specifies
our methodology for testing the sources of change in oil prices and
their effect on medium-term inflation expectations. In Section 3, we
test the un-anchoring of inflation expectations in a semi-structural
framework. Section 4 discusses alternative interpretations of the first
principal component of commodity prices, Section 5 provides some
robustness checks, Section 6 discusses possible implications for our
findings, and Section 7 concludes.

2. The Change in the Correlation between Oil Prices
and Medium-Term Inflation Expectations

Figure 1 shows that the correlation between oil prices and five-year
breakeven inflation rates increased since the financial crisis in two
major economies—the United States and the euro area—suggesting
that this is a global phenomenon. In this section, we seek to under-
stand the origins of this change better.

Since we explore a global phenomenon in expectations, we wish
to focus on the common factor that drives breakeven inflation rates.
We exploit the fact that our economies are anchors of the global
monetary regime and pursue a similar inflation target to extract
pcb®" the first principal component of five-year breakeven infla-
tion rates from the United States, France, and the United King-
dom. Due to data limitations, we extract this factor for the period
2003:M2-2018:M12. This factor can be viewed as an estimator
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horizon

Following the country-specific evidence, Table 1 shows that the
global factor of medium-term expectations became significantly
more correlated with oil prices after the financial crisis (due to con-
siderations of stationarity, we perform this analysis in first differ-
ences). Furthermore, we observe that this phenomenon is not unique
to oil prices but widespread across different commodities, suggesting
that it originates from a more fundamental source. Indeed, in what
follows, we show that global expectations became more correlated
with oil prices due to a greater effect of global aggregate demand on
expectations.

for the Eglobal component of expected inflation at the five-year

2.1 FEstimating Global Aggregate Demand

To identify changes in global aggregate demand, we estimate the
first principal component of commodity prices. We use a panel of 20
commodity prices from the 2015 S&P GSCI Spot index (Table Q)E
The data span the period 20007185 and to focus on fundamental co-
movements of prices, we use monthly averages of commodity pI‘iCGSE
We convert the data to differenced logs of prices to avoid issues of

4The first principal component explains 71 percent of the variance in the
panel of breakeven inflation rates. The loadings of the factor are United States—
0.66, France—0.52, United Kingdom—0.55. To facilitate the interpretation of
regression coefficients, the factor is multiplied by the coefficient c; estimated in
a country panel regression y; = co; + c1 PC*™ + ¢; for i € {US,UK, France}.

5Tt should be noted that the S&P GSCI Spot index tracks the price of the
nearby futures contracts, not returns available to investors. There are four com-
modities in the S&P index, which we exclude from our sample. One is feeder
cattle, for which there is not enough available data. Three other commodities
that we exclude are heating oil, gasoline, and gas oil. Their prices are highly
correlated with prices of crude oil (correlation of over 0.98), and we wish to avoid
a strong bias of the principal component towards oil prices. As can be seen in
Table 2, we keep three other energy commodities: WTI crude oil, Brent crude
oil, and natural gas.

5We begin our analysis in 2000 to match available data of inflation expec-
tations. For the analysis of market-based expectations, we are compelled to use
a shorter sample starting in 2003, due to data availability of French breakeven
rates. However, household expectations are available from 2000.

"In the online appendix (available at http://www.ijcb.org), we test the sensi-
tivity of our results to the data frequency. We repeat our analysis using data at
daily and quarterly frequencies, and find that our main results remain qualita-
tively unchanged.
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Table 2. Commodities and Loadings

of the First Principal Component pctAcmd

Chicago Kansas
Wheat Wheat Corn Soybeans Coffee
0.21 0.22 0.21 0.23 0.21
Sugar Cocoa Cotton Lean Hogs Live Cattle
0.15 0.13 0.19 0.05 0.05
Aluminum Copper Lead Nickel Zinc
0.31 0.33 0.26 0.27 0.30
Brent WTI Natural
Gold Silver Crude Oil Crude Oil Gas
0.20 0.26 0.27 0.26 0.07

non-stationarity. Finally, following the common practice in principal
component analysis, all the series are standardized. In our sample,
the first principal component of rates of change in commodity prices,
peiemd | explains 28 percent of the variance in the data.

The loadings of all variables are positive (Table 2). Therefore,
the first principal component captures the positive co-movement in
all commodity prices, which implies that it mainly captures changes
in global aggregate demand. Byrne, Fazio, and Fiess (2013) find that
this factor is negatively related to real interest rates and positively
related to output. Similarly, Figure 2 shows that the annual aver-
ages of pc2™d tracks very well changes in the two measures of the
global output gap. In the first measure, GDP is detrended using an
HP filter, and in the second measure, we use a trend of a 10-year
moving-average growth rate (in the second method the level of the
output gap is normalized to equal the HP-filter gap in 2005). The
correlation between the principal component of commodity price
inflation and the change in the output gap is above 0.8, using either
measure.

Since all commodities are denominated in U.S. dollars, the first
principal component of commodity price inflation may be affected
by changes in the U.S. dollar exchange rate. We address this issue in
the following subsection. Other components that may be embedded
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Table 3. Decomposition of Oil Prices
(dep. var. Alog(oily), 2000:M1-2018:M12)

Baseline No DXY

Const. 0.004 0.004

(0.005) (0.005)
peiemd 0.024%** 0.023***

(0.003) (0.002)
Alog(dxyy) 0.234

(0.274)
Obs. 227 227
Adj. R-sq. 0.42 0.42
F-stat. 82.06 163.43

Note: The table shows OLS estimation results of Equation (1). Newey-West standard
errors are reported in parentheses (*** p < 1%, ** p < 5%, * p < 10%).

in this factor, and alternative interpretations of it, are discussed in
Section 4.

2.2 Decomposing Oil Prices

Using our measure of global aggregate demand, we decompose the
change in oil prices into two components: a global demand factor and
an idiosyncratic factor. We also control for the U.S. exchange rate
since we are concerned that it might be correlated with both pctemd

and oil prices. Specifically, we estimate the following regression:

Acmd

Alog(oily) = o + a1pe; + asAlog(dxyy) + ug, (1)

where o0il; is the dollar price of a Brent crude oil barrel, and dxy;
is the dollar trade-weighted exchange rate (DXY). Table 3 shows
estimation results of Equation (1). We use these results in our sub-
sequent analysis to construct estimators of the two main factors that
drive oil prices:

(i) Global aggregate demand factor (rescaled by &; to match the
scaling of the residual): globdem; = &1 pc™e™.

(ii) Idiosyncratic factor: idio; = ;.
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Table 3 also reports estimation results without controlling for
the DXY index. Comparing the two specifications indicates that the
coefficient of the global demand factor is not sensitive to the inclu-
sion of the U.S. dollar exchange rate. However, since we are also
interested in the residual of Equation (1) to capture idiosyncratic
changes in oil prices, we choose to control for the exchange rate in
our baseline estimation Finally, note that in our sample, global
demand conditions explain 42 percent of the variation in oil prices,
similarly to the magnitude found by Caldara, Cavallo, and Iacoviello
(2019).

2.2.1 Idiosyncratic Components of Oil Prices

Next, we propose direct identification of some of the idiosyncratic
forces that drive oil prices. The factors we estimate in this section
explain a substantial portion of the variation in idio;, and we use
them as instruments in our subsequent analysis.

We focus on two idiosyncratic factors of oil prices. First, we exam-
ine OPEC’s efforts to control the price of crude oil by managing its
supply. These efforts may vary across time, depending on OPEC
members’ objectives and their ability to collude to promote these
objectives. Second, we identify oil-price changes driven by extreme
weather conditions. These conditions affect both the demand and
the supply of crude oil. From the demand side, extreme weather
conditions affect the demand for byproducts of crude oil, such as
heating oil. From the supply side, severe weather conditions may
disrupt the production of crude oil.

To estimate the effect of OPEC’s policies on crude oil prices, we
assemble a novel data series that serves as a proxy for the cartel’s
operations. In each month of our sample, we examine articles pub-
lished in the London Times that refer to OPEC. We classify each

8 A possible concern is that the exchange rate is correlated with our global
demand factor and might bias our estimates of the factor’s effect on inflation
expectations. However, we find that including the exchange rate in our subsequent
analysis of inflation expectations (Equation (2)) yields insignificant coefficients
before and after the GFC, and does not affect our main qualitative results.
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article as either indicating supply expansion by OPEC, supply con-
traction, or as neutral articlesll Our proxy is a net measure: the
number of articles indicating expansion, minus the number of arti-
cles indicating contraction (Figure 3). The sign of the proxy captures
the objective of the cartel’s operations (negative indicating supply
contraction, and positive indicating expansion), while the absolute
size captures their magnitude For the measure of idiosyncratic
changes driven by extreme weather conditions, we examine global
temperature data. Specifically, we use five variables, one for each
continent, of seasonally adjusted temperature datal]

The F-statistic of the regression of ¢dio; on OPEC’s behavior and
weather conditions is 33.66, meaning that they are strong instru-
ments. Furthermore, in the online appendix, we report the results
of a detailed breakdown of the change in oil prices using these vari-
ables. It yields a coefficient of pc2°™? which is almost identical to
our baseline model. Thus, these factors are primarily orthogonal to
pciem? supporting our claim that the first principal component of
commodity price inflation is a valid measure for global aggregate
demand.

°In a similar approach to Baker, Bloom, and Davis (2016), we search the
digital archives of the London Times to assemble articles containing the word
“OPEC.” We then manually evaluate the text sentiment and classify each obser-
vation as indicating supply expansion or contraction. Nine percent of all articles
show no clear sentiment and are classified as neutral. The series that counts them
shows a 20 percent correlation with each of the other two series, indicating that it
is not biased. Caldara, Cavallo, and Iacoviello (2019) estimate oil supply shocks
in a structural VAR model. The series of shocks is positively correlated with our
OPEC proxy, and adding it as an instrument to our baseline equations leaves the
results essentially unchanged.

10 A potential concern is that OPEC’s behavior is endogenous to global aggre-
gate demand and, therefore, our instrument is not valid. However, the endo-
geneity concern is mostly relieved since we control for global aggregate demand.
Admittedly, our measure is not perfect, and there may be a component of global
aggregate demand that we do not capture but that still affects both OPEC’s
operations and inflation expectations. Since globdem; tracks changes in measures
of the output gap well (Figure 2), we believe that this missing component is not
substantial and so does not significantly impair the validity of the instrument.

"Source of the data: National Centers for Environmental Information (NCET).
The NCEI calculates temperature anomalies as the deviation of monthly temper-
atures from their long-run average.
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Figure 3. References of OPEC in the
London Times, Classified by Type of
Operation in the Oil Market (2000-18)

Articles
15

| zzaExpansion == Contraction —Net references

Source: London Times website (http://www.thetimes.co.uk/tto/search/) and
authors’ calculations.

2.8  FEstimating the Correlation between Oil
Prices and Inflation Ezpectations

We now turn to examine the sources of the increase in the corre-
lation between oil prices and inflation expectations, exploiting the
decomposition of oil prices (Equation (1)). The increase in the cor-
relation can be the result of two possible developments. First, one of
the factors that drives oil prices may have become more correlated
with inflation expectations. Alternatively, it may be that the elastic-
ities did not change, but one of the factors became more dominant
in determining oil prices in recent years. We claim that the elasticity
effect dominates the composition effect. Specifically, we show that
from the onset of the crisis, the correlation between global aggregate
demand and inflation expectations has increased.

Our motivation is the relationship between breakeven inflation
rates and levels of oil prices. In Equation (1), we decomposed the dif-
ferenced log terms of oil prices to deal with non-stationarity. Thus,
if we are to use this decomposition, we need to examine changes in
breakeven rates. Specifically, we regress Apct®” the change in the
first principal component of five-year breakeven inflation rates, on
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decomposed oil prices, allowing for a different effect before and after
the global financial crisis:

Apct®™ = By + Brglobdem; + Baglobdemy x DE™® + Baidio,
+ ﬁ4idi0t X DtpTe + 65Dtp7“e + €4, (2)

where D" is a dummy for the pre-crisis period (2003:M2-2008:M8).

Since the response of global aggregate demand to other shocks is
not instantaneous (Kiley 2014; Gertler and Karadi 2015), it is rea-
sonable to assume that it is exogenous in Equation (2). However, we
cannot account for all the determinants of the idiosyncratic compo-
nents of oil prices and thus cannot assert that idio; is exogenous. We,
therefore, use as instruments the variables derived in Section 2.2.1:
the proxy for OPEC’s behavior and a factor of weather variables,
both interacted with the pre-crisis period dummy (in Section 5.7 we
address the concern of the endogeneity of globdem; directly and pro-
vide instruments for this variable as well). Two-stage least-squares
(2SLS) estimation results (Table 4) shed some light on the observed
change in the correlation between changes to inflation expectations
for the medium term and changes to oil prices.

Before the global crisis, changes in oil prices stemming from
either global aggregate demand or the idiosyncratic component had
a small and similar (non-significantly different) effect on inflation
expectations. Thus, even if the composition of factors that drive
oil prices has changed, it cannot by itself explain the increase in
correlation between oil prices and inflation expectations in recent
years. This conclusion is supported by a Bai-Perron test that does
not identify any breakpoints in Equation (1) at conventional signif-
icance levels. In the post-crisis period, the picture is different. We
cannot reject the hypothesis that the effect of the idiosyncratic com-
ponent of oil prices on expectations remained stable. However, the
effect of global aggregate demand increased significantly.

Our results suggest that the information embedded in oil prices
regarding global activity has become much more dominant in the
formation of inflation expectations, even at the five-year horizon.
In the following section, we explain this change using a rational
expectations framework. In Section 5, we provide some alternative
specifications as robustness tests for these results.
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Table 4. Determinants of Global Five-Yea;' Breakeven
Inflation Rates (dep. var.: Apc?eir)

Model with Model
the Optimal without a
Basic Policy Rule Policy Rule
Equation — (2) (8) (11)
Const. 0.017 0.012 0.011
(0.014) (0.012) (0.015)
globdemy 2.223*** 1.996*** 2.266%**
(0.513) (0.540) (0.714)
globdem; x DY —1.525%** —1.318** —1.709**
(0.487) (0.545) (0.731)
idioy 0.983 0.976 0.936
(0.685) (0.733) (0.801)
idio; x D" —0.646 —0.778 —0.688
(0.747) (0.794) (0.851)
Dy —0.022 —0.020 0.006
(0.019) (0.017) (0.024)
Apcbeir 0.151 0.291**
(0.105) (0.119)
Apche’t x D¢ 0.080 0.001
(0.170) (0.188)
Apcf 4 —0.108 0.041
(0.128) (0.060)
Apcl_, x DP"e 0.138 —0.056
(0.136) (0.079)
e —0.797**
(0.280)
pclt x DP¢ 0.270
(0.375)
Obs. 177 173 173
Adj. R-sq. 0.40 0.41 0.31
F-stat. 23.60 13.99 11.63

Note: The table reports 2SLS estimation results. The instruments used in the first
and second models are the net measure of OPEC references in the London Times
and a component of weather variables (see Section 2.2.1). In the third model, we also
use the lag of the principal component of monetary rates. All the instruments are
interacted with the pre-crisis dummy. Newey-West standard errors are reported in
parentheses (*** p < 1%, ** p < 5%, * p < 10%).
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3. A Rational Expectations View on the
Anchoring of Inflation Expectations

A possible concern for policymakers was that the increased sensitiv-
ity of breakeven inflation rates to oil prices might indicate an erosion
in the anchoring of expectations. Concerns grew over the fact that
monetary policy has been operating in formerly uncharted territories
of quantitative easing and negative interest rates (IMF 2016).

To address the question of whether inflation expectations became
un-anchored, we turn to examine the increased correlation between
oil prices and five-year breakeven inflation rates in the context of
a semi-structural model with rational expectations. This frame-
work, together with our decomposition of oil prices, further sup-
ports our results from the previous section. Furthermore, it pro-
vides structural interpretations of the changes we identify. We show
that the increased effect of global aggregate demand is attributed
to the increase in the slope of the Phillips curve, and not to the
un-anchoring of expectations.

Beechey, Johannsen, and Levin (2011) already noted that using
oil-price shocks has some advantages in comparing the anchoring
of inflation expectations across countries, since these are uniform
shocks and since advanced economies have similar energy intensi-
ties. Extending Giirkaynak, Sack, and Swanson (2005), they test
for the anchoring of inflation expectations by regressing changes in
far-ended inflation expectations on shocks to macroeconomic vari-
ables. If inflation is well anchored, these shocks—in particular, oil-
price shocks—should not have a statistically significant effect on
medium-term inflation expectations.

We employ Beechey, Johannsen, and Levin’s (2011) framework
and test the anchoring of medium-term inflation expectations. We
extend their analysis in two ways: first, we differentiate between
changes in oil prices induced by shifts in global aggregate demand
and idiosyncratic changes in oil prices. This refinement is essen-
tial because, except for the flexible CPI inflation-targeting rule
(Svensson 2000), monetary policy reacts differently to supply shocks
and to demand shocks. While some degree of accommodation of
supply shocks may be socially optimal (Rogoff 1985), a perceived
accommodation of demand shocks contrasts with inflation target-
ing and raises questions about the effectiveness or credibility of the
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monetary regime. Secondly, we extend the empirical investigation
to include the period following the onset of the global financial
crisis. In this period, monetary policy was operating in the hith-
erto uncharted territory of quantitative easing and negative interest
rates.

Blanchard (2016) defines un-anchoring as an increase in the
backward-looking component of inflation expectations or an increase
in their persistence. In what follows, we show that the increased
responsiveness of inflation expectations to global aggregate demand
does not indicate un-anchoring of expectations as formulated in
Beechey, Johannsen, and Levin (2011) or Blanchard (2016).

3.1 Rational Fxpectations with Optimal Policy Rule

To test for un-anchoring, we introduce a framework of how inflation
expectations are formed. Since we focus on global inflation expecta-
tions, we use a closed-economy model. Specifically, we consider the
semi-structural model of Orphanides and Williams (2004), which
was also used in Beechey, Johannsen, and Levin (2011), to exam-
ine the anchoring of inflation expectations. The model consists of a
Phillips curve and an IS curve as follows:

Tir1 = OTpprye + (1 — @) + ayep1 + epy1, (3)
Yir1 = —E(re — ") + ugg, (4)

where 7 is the annual rate of inflation at time ¢, m;;/; is the one-
period-ahead expected inflation, y; is the output gap, r; is the real
interest rate, r* is the long-run real rate, e; is a cost-push shock,
and u; is a demand shock. The model is closed with the following
policy rule that minimizes a weighted average of the variances of the
output gap and deviation of inflation from a target w*:

ry —1r* = Z(Wtﬂ'*). (5)

In this model, rational expectations for inflation take the follow-
ing form:
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1
Ti41/t = ﬂ [(1 — ¢y + aEt(yt+1)] =
afd ., 1—¢p—ab
1_¢7T + 1—o
Since we wish to employ our decomposition of oil prices that

identifies changes in the output gap, we take the first difference of
Equation (6), which yields

[¢7rt/t71 + (1 —@)m—1 + oy + et]- (6)

1_1¢__¢060 [gbAﬂt/t—l + (1 —¢)Am_1 + oAy + Aet].
(7)

Under this specification, we estimate the following regression
model, using our proposed decomposition of oil prices to account
for changes in the output gap and cost-push shocks and allowing for
a structural change after the global financial crisis:

A7Tt+1/t =

Apct®™ = By + B1ApcleT + BoApc® x DY + B3Apcy_,
+ BsApc]_; x DV + Bsglobdem; + Bgglobdemy, x DY"™
+ Bridio; + Bsidio, x DY + BoDP" + €T, (8)

where pc?®" and pcf are the first principal components of five-year
inflation expectations and annual inflation, respectively

As explained in Section 2.3, we assume that the response of
global aggregate demand to other shocks is not instantaneous at
the monthly frequency and therefore assume that pc2¢™? is exoge-
nous in Equation (8). Since we cannot assert that idio; is exogenous,
we use the instruments derived in Section 2.2.1 to capture exogenous
changes in oil prices.

Two-stage least-squares estimations of Equation (8) are reported
in Table 4. They indicate that the only coefficient that significantly
changed after the crisis is that of the global demand factor. Other
than that variable, no other determinant of inflation expectations

12 A1l factors used in this section are depicted in the online appendix. To facili-
tate the interpretation and comparison of regression coefficients, the first principal
components were multiplied by coefficients ¢*" and ¢™ from a country panel
regression y; = co,; + ¢/ PCY + ¢; for y € {beir, 7} and i € {US,UK France}.
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has a different effect since the onset of the crisis. Specifically, the
adaptive component of expectations is low and stable in our sample.
There was also no significant change in the response of expectations
to changes in oil prices unrelated to global aggregate demand. Exam-
ining the semi-structural specification of inflation expectations (7),
we find that an increase in the coefficient on output gap changes with
the stability of the other coefficients is necessarily due to an increase
in «, the perceived slope of the Phillips curve, while the adaptive
coefficient 1 — ¢ remained stable['d The analysis we perform in the
following section provides additional evidence for this conclusion.

Another possibility ruled out by our estimation is that the infla-
tion target perceived by the public has changed. While the theo-
retical model assumes a constant inflation target, any change in
the public’s perception of it should be reflected in the intercept of
Equation (8). Since we do not find any significant change in the inter-
cept, we conclude that the announced inflation target has remained
credible.

The fact that expectations did not become more adaptive or
more responsive to oil-specific price changes since the crisis, and that
the announced target has remained credible, implies that expecta-
tions have so far remained anchored. Instead, our results point to a
structural change in the Philips curve. This change made inflation
expectations more responsive to global aggregate demand and thus
more correlated with oil prices, which contain information regarding
global output.

While we do not directly estimate the Phillips curve and there-
fore cannot take a stand on whether the slope has indeed changed
or was merely perceived by the public to have changed, some papers
find evidence of structural change in the Phillips curve in recent
years. Riggi and Venditti (2015) show an increase in the sensitivity
of inflation to the output gap in the euro area since the sovereign

13The fact that the coefficients of lagged changes in inflation and inflation
expectations remained stable implies that ¢ and «f did not change. Thus,
an increase in the coefficient of output gap changes necessarily implies that «
increased, together with an offsetting decrease in the monetary policy parameter
0. Note that under an optimal policy rule, a rise in the slope of the Phillips curve
should make policymakers less responsive to deviations of inflation from target,
meaning that 6 should, in fact, decrease.
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debt crisis] Stella and Stock (2013) find evidence of a stronger
inflation-unemployment relationship in the United States since the
global financial crisis. Alternatively, it may be that curves of indi-
vidual countries have not changed with respect to local output gaps

but have become more sensitive to the global output gap (Forbes
2019).

3.2 Rational Expectations without
Specifying the Policy Rule

Monetary policy has operated since the global financial crisis in an
environment of interest rates approaching the “zero lower bound”
(ZLB) and saw an extended use of unconventional policies. While it
is not clear that the ZLB affected the transmission of shocks (Debor-
toli, Gali, and Gambetti 2020), we nonetheless consider an alterna-
tive specification of rational inflation expectations which is agnostic
to the monetary policy rule. In Section 3.1 we used the Phillips
curve (3) and the IS curve (4) as well as an optimal monetary rate
rule (5) to formulate rational inflation expectations. However, using
only (3) and (4), we can construct an alternative formulation of

expectations which does not assume any structure of the monetary
policy ratefd
1

Tit1/t = ﬂ [(1 —¢)m + aEt(ytH)] = ¢mmq + (1= @d)m—

+ ays —

«
=) e (9)
and in first differences:

«

Ay = 0AT 1+ (1 — @)A1 + @Ay — lg_qurt + Aey.

(10)

We estimate the following model which adds to (8) a measure
of the change in the global monetary rate, pc~*—the first principal

YSimilar results for the euro area were also obtained by Larkin (2014) and by
Oinonen and Paloviita (2014).

15In Section 5.6 we take a different approach and estimate Equation (8) using
shadow rates instead of monetary rates.
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component of the change in the monetary interest rate in the United
States, the United Kingdom, and the euro arealld

Apcy® = Bo + B1APE + BoApc)®' x D™ + BsApey_,
+ B4Apc]_, x DV + Bsglobdemy + Bgglobdemy x DY
+ Brpclt + Bspet x DP™C + Byidio; + Broidio, x D¢
+ /BIID?M + 6?6". (11>

Following the discussion in the previous section, it is reasonable
to assume that the global demand factor is exogenous in (11). How-
ever, the monetary interest rate is endogenous, and we also treat
idio; as such. We thus estimate Equation (11) using the lag of pc?
as an instrument for the monetary rate, and the instruments detailed
in Section 2.2.1 for idio;.

Two-stage least-squares estimation results of Equation (11) are
reported in Table 4. Similarly to Equation (8), we find that the effect
of global aggregate demand on medium-term inflation expectations
increased significantly since the global financial crisis. In contrast,
the effect of the idiosyncratic component remained stable. Examin-
ing the semi-structural specification (10) confirms that these results
may only be explained by a perceived rise in the slope of the Phillips
curve, o, while the parameter of inflation adaptiveness, 1—¢, remains
unchanged. We conclude that there was no change in the anchor-
ing of inflation expectations after the crisis, but rather a perceived
structural change that made inflation expectations more sensitive to
global aggregate demand.

4. Alternative Interpretations of the First Principal
Component of Commodity Prices

Our estimation uses the first principal component of commodity
price inflation as a proxy for global aggregate demand. Section 2.1

16Note that in the semi-structural model, the real interest rate is used. Since
the measurement of the real interest rate is subject to some debate, we decompose
the real interest rate using the Fisher identity to the nominal yield and inflation
(expectations), and estimate the equation using the nominal policy rate. The
interpretation for the coefficient on inflation is adjusted accordingly.
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showed that this component is highly correlated with changes in
measures of the output gap. In this section, we discuss other elements
that might be captured in this factor. We argue that their magni-
tude is small so that the first principal component is a valid proxy
for global aggregate demand. (Recall that our baseline estimation
already addresses the issue that all commodities are denominated in
U.S. dollars by controlling for the DXY index.)

4.1 The Direct Effect of Oil Prices on Other Commodities

The literature points to several mechanisms that link oil prices to
the prices of other commodities (Baffes 2007; Du, Cindy, and Hayes
2011; Baumeister and Kilian 2014; Hassler and Sinn 2016; see Serra
and Zilberman 2013 for a survey). First, prices of crude oil and other
commodities are affected by global demand for the aggregate output.
Second, crude oil enters the production function of other commodi-
ties through the use of various energy-intensive inputs. Third, some
commodities are used to produce substitutes for crude oil (e.g., corn
and sugar for ethanol production), linking their demand to devel-
opments in the energy market. Finally, changes in the price of oil
affect disposable income and thus influence the demand for other
commodities.

The first principal component of commodity price inflation cap-
tures a positive co-movement in the data (the loadings on all com-
modities are positive). Out of the four mechanisms above, only the
first two can generate such a co-movement, namely, global aggre-
gate demand and energy-intensive inputs in the production of other
commodities. If the second mechanism is significant, pc2°™¢ may be
capturing the evolution of energy prices rather than global aggregate
demand. However, we argue that energy prices have only a modest
effect on other commodity prices, so they do not dominate the first
principal component.

First, following previous studies (Barsky and Kilian 2002;
Kilian 2009; Kilian and Murphy 2014), we note that the pass-
through from oil prices to other commodity prices is modest. Specif-
ically, we show that the energy component contained in the agri-
culture and metal industries is small. We do so by examining data
from the U.S. Department of Commerce regarding six industries that
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best match the S&P non-energy commodities['] In each of these six
industries, we calculate the value of energy-intensive inputs as a
share of total output in that industry. We find that the share of
total output that can be associated with energy-intensive inputs is
lower than 17 percent in all six industries (results appear in the
online appendix). The finding is consistent with Baffes (2007), who
reports pass-through rates of 0.11-0.19 from oil prices to prices of
metals and agricultural commodities.

Second, we perform a Granger causality test between pcfc™?
and the monthly rate of change in the S&P energy index. The
test indicates that we cannot reject the hypothesis that the energy
index does not Granger-cause pc2°™? (F-statistic of 0.73). Namely,
given past information regarding the first principal component,
energy prices have no significant contribution to forecasting pctAcmd.
However, a Granger causality test for the other direction shows
that pc2°™? Granger-causes the monthly rate of change in the
energy index (F-statistic of 5.27 for the null hypothesis that pc2cmd
does not Granger-cause the monthly rate of change in the energy
index) These results suggest global aggregate demand profoundly
influences energy prices, but the reverse effect is modest.

4.2 Other Interpretations

One concern is that the first principal component might be capturing
productivity shocks. The effect of a positive productivity shock is to
reduce the aggregate global price level; nevertheless, it could have
a positive income effect (that dominates the substitution effect) on
commodity prices. If these shocks are prominent in our sample, then
pcemd might be capturing deflationary effects. While it is common
wisdom that global productivity shocks did not cause the lead-up
boom and the following global recession in 2008, we nevertheless ver-
ify that the principal component we extract is positively correlated
with global inflation. Furthermore, in all our specifications, this fac-
tor has a positive effect on inflation expectations. These findings

1"We extract the data from the 2007 input-output use table. Industry classifi-
cations follow those of the Bureau of Economic Analysis (BEA).

18We obtain an even stronger result when we test the hypothesis that pcem™?
does not Granger-cause the monthly rate of change in the prices of Brent crude
oil (F-statistics of 6.78).
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indicate that aggregate demand shocks, rather than productivity
shocks, dominate this factor.

Another concern is that the first principal component of com-
modity price inflation is affected by the role of commodities as
a hedge against inflation and, therefore, will be endogenous to
expected inflation in our subsequent analysis. However, Batten,
Ciner, and Lucey (2010) report that gold, which is the commodity
that historically served as a hedge against inflation, responds mainly
to monetary factors, whereas other precious metals respond to finan-
cial variables. At the same time, Blose (2010) finds that the price
of gold is not correlated with inflation expectations. In our analy-
sis, the loading of gold in the first principal component is slightly
lower than the average loadings of all commodities and is much lower
than that of oil or other metals (Table 2). Moreover, a Granger
causality test reveals that inflation expectations are Granger-caused
by the common factor representing global demand, but reverse
causation cannot be established. Nevertheless, in Section 5.7, we
directly address the possibility that globdem is endogenous in our
analysis.

5. Robustness

5.1 Household Inflation Expectations

So far, our analysis of inflation expectations focused on five-year
breakeven inflation rates. While policymakers closely monitor this
measure, and even though it is readily available for a substantial
set of countries, it has some shortfalls (Coibion and Gorodnichenko
2015). First, it is affected by financial factors such as risk and liquid-
ity premiums. Second, one might argue that a five-year horizon is too
long to consider in the context of a Phillips curve, which captures
the effect of nominal rigidities. Therefore, in the way of a robustness
test, we repeat our analysis using household surveys of one-year infla-
tion expectations. This measure is commonly used in the literature
examining the Phillips curve.

Data limitations only allow us to use quarterly data. However,
we can extend our sample to 2000:Q1-2018:Q4. We extract the first
principal component of household surveys for the United States, the
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United Kingdom, and the euro area, pcf“’" Following the conven-
tion in the Phillips-curve literature and more recently Coibion and
Gorodnichenko (2015), we estimate the two models of rational expec-
tations in levels (Equations (6) and (9)). For this purpose, we first
decompose the log level of oil prices:

cmd

log(oily) = o + v1pcy™® + Yalog(dxy:) + vy,

where pcs™? is the first principal component of levels of commodity

prices (in log terms). This factor serves as an estimate of the global
output gap, so we interpret 4;pci™¢ as the component of oil prices
driven by the level of global aggregate activity. The change in the
residual, Ay, is a proxy for cost-push shocks. Using these measures,
we estimate the following two models of rational inflation expecta-
tions, one without the monetary rate and one with the monetary

rate:

pei” = Bo + Bipei + Bapci™y x DY 4 Bapey_y + Bapei
x DY + Bs(31pcs™ ™) + Bo(Fapey™®) x DY
+ Br Aty + BsAdy x DY + B DP™¢ 4 ¢y, (12)

pe;"" = Bo + Bipci™ + Bapci™ x DY + Bspef_y + Bapcl_,
x DY + Bs(1pcs™ ) + Bs(A1pes™®) x DE™ + Brpcs

+ Bspcy x DY + BoAby + ProAdy x DI + B11 DY + €.
(13)

Two-stage least-squares estimation results of these models are
reported in Table 5. Similarly to breakeven inflation rates, the first

¥0ur data sources: For the United States, a quarterly average of expectations
from the Michigan Survey of Consumers; for the United Kingdom, the Bank
of England’s quarterly Inflation Attitude Survey; for the euro area, a quarterly
average of the OECD Consumer Opinion Survey regarding the future tendency
of consumer prices. The first two surveys ask respondents for a point estimate of
expected inflation, while the latter asks about the tendency of prices. Although
the two types of surveys are not directly comparable, we claim that the first
principal component of the three measures captures the main common factor of
expected inflation since two of the three measures are point estimates of inflation.
The first principal component explains 64 percent of the variation in the data and
gives weights of 0.60, 0.62, and 0.51 for the United States, the United Kingdom,
and the euro area, respectively.
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Table 5. Determinants of Global Household Inflation
Expectations (dep. var.: pc
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sur
t

, 2000:Q1-2018:Q4)
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Model with Optimal Model without a
Policy Rule Policy Rule
Const. —0.279*** —0.566***
(0.062) (0.207)
peit 0.087 0.148
(0.119) (0.165)
pcsh x DI 0.400** 0.097
(0.194) (0.201)
pe_q 0.167** 0.220***
(0.054) (0.065)
pcf_y x DP'e 0.041 0.108
(0.122) (0.139)
A1 pesma 1.047%* 0.868***
(0.171) (0.283)
Arpesmd x DPTe —0.570%** —0.368
(0.209) (0.305)
Ay 1.210** 1.114**
(0.475) (0.499)
Aty x DY —0.236 0.306
(0.681) (0.706)
Dy 0.392*** 0.463**
(0.077) (0.226)
pct —0.248
(0.190)
pci x DY 0.354*
(0.193)
Obs. 75 75
Adj. R-sq. 0.87 0.88
F-stat. 56.03 50.88

Note: The table shows 2SLS estimation results of Equations (12) in the first col-
umn and (13) in the second column. The instruments used in the first model are the
net measure of OPEC references in the London Times and a component of weather
variables (see Section 2.2.1). In the second model, we also use the lag of the princi-
pal component of monetary rates. All the instruments are interacted with the pre-
crisis dummy. Newey-West standard errors are reported in parentheses (*** p < 1%,

** o< 5%, *p<

10%).
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specification indicates that the effect of global aggregate demand on
household expectations has increased since the crisis. In contrast,
the effect of the idiosyncratic component remained stable. Coibion
and Gorodnichenko (2015) find that household inflation expectations
were highly sensitive to oil prices in the aftermath of the crisis. We
can refine their findings by showing that expectations became rela-
tively more sensitive to information about the global output gap,
which is embedded in oil prices. Admittedly, the results do not
hold in the second specification. We do not observe any significant
change in the effect of global aggregate demand in this model. In any
case, similarly to breakeven inflation rates, household expectations
have not become more adaptive or more responsive to idiosyncratic
changes in oil prices.

5.2 Inflation Swaps

Breakeven inflation rates are not perfect measures of inflation expec-
tations since they include compensation for risk and illiquidity. For
this reason, policymakers also track zero-coupon inflation swaps.
Like breakeven rates, inflation swaps also entail a risk premium
However, they are free from the liquidity premium, which might be
significant during financial turmoils such as the GFC. It should be
noted that imbalances in demand for inflation payments versus its
supply affect swap quotes, generally biasing them upwards. While
there is no reason to prefer one measure over the other, for robust-
ness, we test the effect of oil prices and global aggregate demand
on five-year inflation swaps. Unfortunately, inflation swap data is
available only from 2004, which shortens our pre-crisis sample.

We regress changes in the first principal component of inflation
swaps on decomposed oil prices, as specified in Equation (2) The
results portray a similar image to the one we document for breakeven
inflation rates. Namely, global aggregate demand has a stronger

20VWe test whether the change in market expectations reflects changes in uncer-
tainty and risk aversion manifested in risk premiums by adding the VIX index
(with interaction with DP"¢) to Equation (2). Its coefficient is insignificant at any
conventional level, and we find no evidence that its effect changed after the crisis.
Furthermore, the coefficients of globdem and idio remain essentially unchanged.

21The first principal component of these measures captures 59 percent of their
common variation. The loadings of the factor are as follows: United States—0.71,
euro area—0.61, United Kingdom—0.35.
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Figure 4. Stability of the Effect of Global
Aggregate Demand on the First Principal
Component of Breakeven Inflation
Rates and Inflation Swaps (2004—-18)
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Note: The figure depicts the coefficient of global aggregate demand in a rolling
2SLS estimation of Equation (2) with an expanding window. In the left panel, the
dependent variable is the change in the first principal component of breakeven
rates, and in the right panel, it is the first principal component of inflation
swaps. The solid line is the estimated coefficient and dashed lines represent
+2 Newey-West standard errors.

effect on inflation swaps since the crisis, while the effect of oil-specific
factors remains stable. However, the results are more sensitive to the
breakpoint. With the breakpoint of the crash of Lehman Brothers
(2008:M9), the change in the global demand coefficient is significant
only at the 10 percent level and not at the 5 percent level. Moving
the breakpoint one month earlier (2008:M8) generates results that
are significant at the 5 percent level (Figure 4).

Indeed, when we examine the evolution of the global demand
coefficient in Equation (2) in a recursive regression with an expand-
ing window, we find that the change in inflation swaps was smaller
and more gradual than in breakeven rates (Figure 4). Therefore, the
results in the structural models (8) and (11) are less robust (in the
online appendix we present detailed results of these estimations and
compare them with the results with breakeven inflation rates using
the same sample and the earlier breakpoint).

5.8  Fxcluding the Period around the

Collapse of Lehman Brothers

In Section 2.3, we show that since September 2008, global aggregate
demand conditions have a more substantial effect on medium-term
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inflation expectations. One might argue that the strong effect stems
from a short period following the collapse of Lehman Brothers and
does not reflect the later period. In this section, we show that while
the months following Lehman’s collapse contributed to our identifi-
cation, they do not fully account for our main results. Namely, we
find that even if we remove an extensive period around Lehman’s
collapse, the effect of global aggregate demand on inflation expec-
tations increased in the post-crisis period relative to the pre-crisis
period. On the other hand, the effect of the remaining component
of oil remained unchanged.

We consider a model which is based on Equation (2), but instead
of a single breakpoint in the sample, we partition the sample to
three periods: 2003:M3-2007:M12 (pre-crisis), 2008:M1-2009:M12,
and 2010:M1-2018:M12 (post-crisis):

Apcfe” = By + B1globdem; + Boglobdemy x D??’_O? + B3globdem,
x DY 4 glidio, + Bsidio, x DY*707 + Beidio,
% DgS—OQ 4 ﬂ7D?3_07 I ﬁsD?S_Og Ye, (14)

D03—07 D08—09

where and are dummy variables for 2003:M3—
2007:M12 and 2008:M1-2009:M12, respectively. We can then com-
pare the coefficient of pre-2007 with those of post-2010, ignoring
an extensive period around the collapse of Lehman Brothers. Next,
we repeat the same exercise on our structural equations and esti-
mate variants of Equations (8) and (11) that include interactions
with the dummies D797 and D%~ instead of DP"¢. We find that
the impact of changes in global aggregate demand on changes in
breakeven expectations increased significantly. However, the effect
of idiosyncratic changes to oil prices did not significantly change
(Table 6).

5.4  Sensitivity to the First Principal
Component of Commodity Prices

A critical factor in our analysis is the first principal component
of commodity price inflation, which is an estimated factor. In this
section, we address two concerns regarding the use of this measure.
First, we account for the fact that it is a generated regressor in our
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Table 6. Sensitivity of Main Results to the Period of the
Global Financial Crisis (dep. var.: Apc

beir  2003-18)

Structural
Structural with without
Basic Monetary Rule | Monetary Rule
Const. 0.007 0.006 0.035
(0.010) (0.009) (0.023)
globdem, 1.276*** 1.185%** 1.195***
(0.185) (0.206) (0.271)
globdem; x DY3707 | —0.737%** —0.512* —0.488
(0.261) (0.269) (0.321)
idio 0.590*** 0.531** 0.640**
(0.214) (0.218) (0.295)
idio, x D307 —0.403 —0.493 —0.325
(0.458) (0.432) (0.455)
D307 —0.009 —0.013 —0.006
(0.017) (0.015) (0.033)
globdem; x D®~%9 | 1.453* 1.555* 2.514**
(0.536) (0.894) (1.207)
idio; x DY~ 0.859 1.005 2.761
(0.827) (1.355) (2.281)
D809 0.001 —0.013 —0.257*
(0.057) (0.046) (0.127)
Control for Lagged vV vV
Inflation and
Expectations
Control for 4
Monetary Rates
Obs. 177 173 173
Adj. R-sq. 0.42 0.44 0.17
F-stat. 16.57 10.78 7.07

Note: The table shows 2SLS estimation of variants of Equations (2), (8), and (11)
which are estimated with two dummy variables (instead of one, DY") that parti-
tion the sample to three periods: 2003:M3-2007:M12 (pre-crisis), 2008:M1-2009:M12,
and 2020:M1-2018:M12 (post-crisis). Newey-West standard errors are reported in
parentheses (*** p < 1%, ** p < 5%, * p < 10%).
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Table 7. Bootstrap Results for Oil-Price Decomposition
Accounting for pc2°™? Being a Generated Regressor

Constant pepemd Alog(dzy)
OLS Estimator 0.004 0.024 0.233
Bootstrap Median 0.006 0.024 0.235
90% Bootstrap [—0.007, 0.017] | [0.017, 0.029] | [—0.282, 0.703]
Confidence Interval

Note: The table presents bootstrap results based on Gospodinov and Ng (2013) for
Equation (1): Alog(0ily) = ag + a1 pce™® + asAlog(dzy,) + uz.

analysis. Second, we acknowledge that the estimator is affected by
the set of commodities available to us and provide a robustness test
that captures the sensitivity of our main results to the choice of
commodities.

Gospodinov and Ng (2013) propose a bootstrap method for a
model that employs principal components as generated regressors.
Their procedure entails resampling blocks of observations (with
replacement), which means that the bootstrap samples do not pre-
serve period ordering. Since most of our analysis depends on differ-
entiating pre and post-crisis effects, we can apply their methodology
only to our oil-price decomposition equation (1). Table 7 presents
the results of this bootstrap procedure and shows that the bootstrap
median estimators are very close to the ordinary least squares esti-
mators. Furthermore, the constant in the equation is not significant,
while the confidence band for the pef™? coefficient is quite narrow.

Next, we perform a bootstrap procedure to account for the uncer-
tainty originating from the sample of commodities used to estimate
the first principal component pc2°™, In the spirit of Politis and
Romano (1994), we draw subsamples without replacement from our
set of 20 commodities. Each subsample consists of 15 commodities,
and we perform our main estimations on this subset of commodities,
i.e., we extract the first principal component of prices and estimate
Equations (1), (2), (8), and (11). Table 8 reports bootstrap estima-
tion results for the semi-structural Equations (8) and (11). We still
observe a significant increase in the global aggregate demand coef-
ficient. However, we also observe some increase in the effect of the
idiosyncratic component of oil prices.
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Table 8. Results from a Subsampling Bootstrap

Procedure (dep. var. Apc;

beir

, 2003—18)

With Rule Without Rule
Reference Equation — (8) (11)
Const. 0.011* 0.010**
[0.009, 0.015] [0.007, 0.014]
globdem, 2.016** 2.262**
[1.729, 2.744] [2.003, 3.007]
globdem; x DY"* —1.325** —1.674*
[-2.001, ~0.995] [-2.456, ~1.417]
idiog 1.005** 0.953**
[-0.954, —0.636] [0.729, 1.196]
idiog x DY —0.811** —0.713**
[-0.954, —0.636] [-0.917, ~0.5]
Drre —0.019** 0.007**
[-0.024, —0.013] [0, 0.013]
Apcbeir 0.155** 0.297**
[0.124, 0.181] [0.266, 0.328]
Apcber x DY 0.080** —0.002
[0.037, 0.128] [-0.046, 0.038]
Aper_, —0.110** 0.040**
[-0.121, ~0.092] 0.029, 0.05]
ApcT_, x DI 0.136** —0.057**
0.113, 0.158] [-0.071, -0.042]
pct —0.803**
[-0.838, —0.747]
pct x DPTC —0.713**
[-0.917, ~0.5]

equals %g .

Note: The table shows 2SLS estimation results of Equations (8) and (11) from a
bootstrap procedure. Point estimates are median results, and the intervals in square
brackets represent 95 percent coverage of the bootstrap results (** p < 5%). The
bootstrap procedure was conducted as follows: in each iteration a subset of 15 com-
modities was drawn without replacement from the set of 20 commodities available in
our data set. The first principal component of inflation in these commodity prices was
extracted and used to decompose oil prices (Equation (1)). Finally, Equations (8) and
(11) were estimated. The procedure was repeated 15,000 times, which approximately
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5.5 Dealing with Low Dimensionality in the Cross-Section

In the baseline specifications, we estimated a global Philips curve
using data from the United States, the United Kingdom, and
the euro area. To capture common factors in these three major
economies, we extracted the first principal components of breakeven
inflation, actual inflation, and monetary rates. Admittedly, princi-
pal component analysis is more appropriate when the dimension of
the cross-section is large. However, we are limited to the number
of countries with thick and long-established markets of inflation-
indexed bonds. Thus, in this section, we propose three alternatives
for capturing the global changes in inflation expectations: first, a
panel estimation; second, capturing common factors using GDP-
weighted averages; and third, expanding the cross-section in inflation
and monetary rates.

5.5.1 Panel Estimation

One of the merits of focusing on global factors is that we can incor-
porate them into a closed-economy model. While this model is less
appropriate at the individual country level, for robustness, we esti-
mate it in a panel regression model as well. Specifically, we estimate
the following three models, referring to Equations (2), (8) and (11),
respectively:

Abeir; y = [o.; + Brglobdemy + Baglobdemy x D™ + Bsidioy

+ Byidio, x D" + Bs DY + €; 4, (15)

Abeir; s = Bo; + r,iAbeir; 1 + P2Abeir; 1 x D"

+ 03,Am; 1 + BaiAmi 1 X D™ 4 Bs i Amip o

+ B6,:AT; 1—2 X DY + Brglobdemy + Bsglobdem,

x DI + Byidio, + Broidioy x DI + By DY + €057,

(16)
Abeir;y = Boi + B1Abeir; 1 + [a,;Abeir; ;1 x Di"°

+ B3,iAm; 11 + BaiAmi -1 X DY + B5 iAo
+ B6,iAT; 1—o X DY + Brglobdemy + Bsglobdem;
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x DY + BoiAig + BiioAtiy x D" + +Bridiog
+ ﬁlg’idiOt X Dfre + ﬁi713Dfr6 + E?Eir, (17)

where i = US, UK, EURQ, and Abeir; , Am; ;, and A; 4 are coun-
try i’s change in five-year breakeven inflation rates, change in annual
inflation, and change in the monetary rate, respectively. Note that in
Equations (16) and (17), we also included the second lag of inflation
since it improves the explanatory power of both models. Two-stage
least-squares estimation results are reported in the online appendix.
Our main result holds in all three equations. Namely, we record a
significant increase in the effect of global aggregate demand after the
crisis. However, we also observe a significant increase in the effect of
the idiosyncratic component.

5.5.2 GDP-Weighted Averages as Estimators
of Global Components

In our baseline estimation, we used principal components to estimate
common factors in breakeven rates, actual inflation, and monetary
rates. The first principal component is essentially a weighted average
of the relevant series, where the weights maximize the total variation
of the data explained by this factor (Stock and Watson 2011). We
now repeat our analysis using alternative weights. Specifically, we
estimate Equations (2), (8), and (11) using GDP-weighted averages
of breakeven rates, actual inflation, and monetary rates, instead of
the principal components used in the baseline estimation.

The weighted averages in all three cases (breakeven rates, infla-
tion, and monetary rates) are almost perfectly correlated with their
first principal component counterparts (correlation above 0.97 in all
cases). Thus, it is not surprising that our main results hold in this
specification. Namely, the effect of the global demand factor signif-
icantly increased after the global financial crisis, while the effect of
the oil-specific factor did not significantly change (the results are
reported in the online appendix).

5.5.8 Fxpanding the Cross-Section of Past
Inflation and Monetary Rates

The limitation in the number of countries in our sample is due to
data availability of five-year breakeven inflation rates. However, data
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on inflation and monetary rates, which we use as explanatory vari-
ables in the structural models, are highly available. Thus, we can
alleviate the concern of a small sample of countries, at least in
regards to these variables, by extracting the first principal compo-
nents from a larger set of countries. Specifically, we repeat the esti-
mation of Equations (8) and (11), this time using first principal com-
ponents pc™ and pc®? extracted from a set of 13 advanced economies
with (explicit or implicit) inflation-targeting central banks (the full
set of countries is specified in the online appendix). The factors esti-
mated with the 13-country sample are highly correlated with those
based on the 3-country sample (correlation of 0.93 for annual infla-
tion and 0.86 for changes in monetary rates). This is probably due to
the high effect of the major three economies in our baseline sample
on other economies, at least for monetary conditions. It is thus not
surprising that our main results hold in this estimation. Namely, the
effect of global aggregate demand on inflation expectations increased
after the crisis. The effect of the idiosyncratic component does not
have a significant effect on expectations in either period (the results
are reported in the online appendix).

5.6 Accounting for Unconventional Monetary Policy

In the years following the GFC, monetary rates approached the effec-
tive lower bound, and led policymakers to employ unconventional
tools such as asset purchasing and forward guidance. In Section 3.2,
we addressed this issue by estimating a semi-structural model that is
agnostic to the monetary rate rule, relaxing the assumption that the
rate was freely set to stabilize inflation and output. In this section,
we address the issue of unconventional monetary policy directly.
We estimate Equation (11) but replace the first principal compo-
nent of monetary rates with that of shadow rates as estimated by Wu
and Xia (2016, 2017) for the United States, the euro area, and the
United Kingdom Results are reported in the online appendix. As
in previous specifications, we find a significant increase in the effect

22The first principal component explains 46 percent of the variance in the data,
and the loadings are as follows: United States—0.38, euro area—0.59, United
Kingdom—0.72.
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of global aggregate demand on global inflation expectations after the
crisis. However, this specification has an inferior explanatory power.

5.7 Endogeneity of Global Aggregate Demand

In all the estimations so far, we treated globdem as an exogenous
variable, resting on results that show that the response of global
aggregate demand to other shocks is not instantaneous (Kiley 2014;
Gertler and Karadi 2015). The case is even stronger since we esti-
mate our models at a monthly frequency. Nonetheless, it may be the
case that we mismeasure global aggregate demand, and the mea-
surement error is correlated with the residuals in our models. To
tackle this issue, we follow Lewbel (2012), who proposes the use of
heteroskedastic residuals to obtain identification in such models.

First, we regress globdem; on the other explanatory variables
in Equation (8) (2SLS estimation with instruments for idio; and
idio; x DY), Second, we use the residuals from this equation, inter-
acted with the exogenous variables, as instruments for globdem;
and globdem; x D" in 2SLS estimation of Equations (8) and (11).
Admittedly, this model shows a poor fit to the data (the adjusted
R-squared is negative), probably because the heteroskedasticity in
the first stage is weak. However, the coefficients of globdem; and
globdemy x DY are significant and indicate a higher effect of global
aggregate demand on expectations in the post-crisis period (the
results are reported in the online appendix).

6. Policy Implications

Our results show that inflation expectations for the medium term
are affected by oil prices and that this effect increased since the GFC.
Decomposing oil prices, we show that their reaction to oil-specific
components is small and stable, consistent with the accepted prac-
tice of central banks to “look through” supply shocks (Rogoff 1985;
Ireland 2007). However, our results also show that inflation expec-
tations react more to global aggregate demand conditions than pre-
viously, which is consistent with a structural change in the slope of
the global Phillips curve.

While this result does not indicate that expectations became un-
anchored, it does have implications for monetary policy. Under an
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optimal policy rule, an increase in the slope of the Phillips curve
(even if it is only a perceived rise), given a Taylor-type monetary
rule, should call for a weaker response of the monetary rate to devi-
ations of inflation from target. In terms of the model presented in
Section 3.1, this means that policymakers should reduce 6.

Another implication of our finding is that for a given demand
shock, inflation volatility increases. Table 9 shows that aggregate
demand contributes more to the volatility of global inflation and
inflation expectations since the GFC, which is consistent with a
steepening Phillips curve. In the case of expectations, this was the
leading cause of the increase in their volatility after the crisis (infla-
tion seems to be affected by other factors which are less volatile
after the crisis). As highlighted by Adrian and Duarte (2018), the
increasing volatility of inflation and inflation expectations may still
require the attention of policymakers.

All in all, our results imply that monetary authorities should
be careful in interpreting the correlation between oil prices and
inflation expectations. In particular, the assessment of un-anchoring
(IMF 2016) may lead to policy actions, including forward guidance,
which may contribute to the un-anchoring of longer-term inflation
expectations, as Morris and Shin (2018) argue.

7. Conclusions

We used the first principal component of a variety of commodity
prices to decompose the changes in oil prices to those emanating
from a global demand factor and those that arise due to oil-specific
ones. We use this decomposition to analyze the increase in the cor-
relation between oil prices and inflation expectations following the
onset of the global financial crisis and find that it is mainly due to
a stronger effect of global aggregate demand on expected inflation.

We compute global inflation and monetary regime variables
using principal component analysis and estimate a global Phillips
curve. We cannot reject the hypothesis that expectations remained
anchored. Instead, we find that the increased sensitivity of inflation
expectations to global aggregate demand is due to an increase in
the perceived slope of the Phillips curve. These results could sug-
gest that monetary policy remained credible during the GFC, but
we leave this issue for future research.
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Table 9. Variance Decomposition of the Change
in Global Inflation and Global Inflation
Expectations, Before and After the GFC

A. Change in Global Inflation (Apc])

Period ApcT globdem, Resid.
2003-07 OLS Coefficient 1.15*
(0.66)
Variance 0.068 0.002 0.065
Var. Decomp. 4.3% 95.7%
2010-18 OLS Coefficient 1.40***
(0.45)
Variance 0.047 0.002 0.042
Var. Decomp. 10.2% 89.8%
B. Change in Global Inflation Expectations (Apcb®i)
Period Apcbeir globdem, Resid.
2003-07 OLS Coefficient 0.99**
(0.42)
Variance 0.034 0.002 0.032
Var. Decomp 6.7% 93.3%
2010-18 OLS Coefficient 2.76***
(0.39)
Variance 0.063 0.002 0.047
Var. Decomp. 25.0% 75.0%

Note: Panel A shows estimation results of the regression Apc] = Bo+31globdemi+e;.
The contribution of global aggregate demand to the total variation of Apc] is the
R-squared of the regression, and the contribution of the residual is its complement
#A(;tc);f) =1 — R2. Panel B shows results from a similar estimation with Apcge"

as a dependent variable. Newey-West standard errors are reported in parentheses
(*** p < 1%, ** p < 5%, * p < 10%).

The high degree of covariation in primary global macroeconomic
aggregates allows us to extract global factors using principal compo-
nent analysis. While we used this methodology to focus on the global
factors themselves, policymakers in advanced small open economies
can use it to identify domestic factors that they can hope to control



188 International Journal of Central Banking June 2022

and hone their policies accordingly. Specifically, the principal com-
ponent we use as a proxy for global aggregate demand can be readily
deployed to monitor in real-time global conditions. Moreover, this
variable can be useful for macroeconomic empirical research that
uses higher temporal frequency data, either as a proxy or as an
instrument. For example, the proxy may help infer the contribution
of global aggregate demand conditions on monthly, country-specific,
price-level data. Another example is to use the variable as an instru-
ment in research that uses the CPI, which is usually determined
simultaneously with the left-hand variable in question. Finally, one
can use our proxy to revisit some of the studies on monetary policy
and oil prices since the 1970s.
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