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Abstract

The recent surge in inflation has reignited discussions on hedging inflation risks,
forming the focal point of this study. In our paper we consider conventional asset classes
from 1968 to 2023 as well as alternative assets from 2020 to 2023 and find that no asset class
provides a statistically significant hedge against core inflation shocks, while commodities
and currencies can hedge headline and energy inflation risk. Consequently, our analysis
highlights a consistent negative risk premium associated with core inflation risk across
all time periods considered, which remains robust for both in-sample and out-of-sample
shocks. Notably, the isolation of active trading strategies reveals an insignificant positive
core inflation risk premium, opening a potential avenue to mitigate the price of inflation
risk within portfolios. Moreover, we find that the negative beta of bonds and stocks on
core inflation shocks can help to explain the changing sign of the bond-stock correlation.
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1. Introduction

Believed to be dead not so long ago, inflation has resurged in recent years and managed to
consistently surprise to the upside, posing major challenges for policy makers, companies,
individual households, and ultimately financial investors. In this thesis, our goal is to
enrich the limited asset pricing literature concerning inflation risk hedging, unveiling
characteristics that can offer valuable guidance for investor portfolio decisions.

The consequences of the resurgence of inflation for investors are far reaching, ranging
from the potential devaluation of assets due to expected higher interest rates, which elevate
cost of capital and may ultimately slow down the economy, to alterations in their liabilities.
This is particularly relevant for asset managers with real liabilities, such as pension funds,
as their nominal costs increase with inflation, while their assets lose value. Hedging against
inflation is therefore key to survival for many financial institutions. Given the volatile
nature of inflation and the uncertainty associated with unexpected inflation for investors,
however, our research focuses particularly on hedging against inflation innovations, defined
as the difference between expected and realized inflation. Also, we intend to shed light on
how different components of headline inflation have varying effects on asset classes. For
this purpose, we examine inflation shocks based on the US energy inflation index, which
tends to be more volatile and transitory, as well as on the US core inflation index, which is
the most persistent component of headline inflation as it excludes energy and food inflation,
and is often perceived as more harmful for economic activity.

In order to account for structural shifts in the US economy and highlight how hedging
properties manifested during the latest inflation spike, we segmented our study into three
subperiods, while also considering the entire span from 1968 to June 2023. Similar to Fang
et al. (2022), we examine one interval pre-dating the year 2000 and another commencing
with the new millennium until 2019. The most recent segment begins in 2020 and
concludes in mid-2023. This latest subperiod is characterized by a series of heterogeneous
events, starting with an unprecedented demand shock caused by the outbreak of the Covid
pandemic and followed by quantitative easing to stimulate the economy (Milstein and

Wessel, 2021). In between, the US economy saw significant fiscal stimulus, with the level
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of US government debt increasing by more than 20 percent between 2019 and 2023, as
reported by the United States Treasury (2023), and supply-chain disruptions due to sustained
lock-downs in different parts of the world (Hernandez, 2023). Shortly after, the war in
Ukraine started, causing disruptions in the energy market (Adolfsen et al., 2022), before
central banks all over the world started hiking interest rates (Kozlowski and Jordan-Wood,
2023). In this environment, it is therefore even more relevant to understand inflation shocks
as a driver of asset returns and explore strategies to hedge against unexpected inflation.

Motivated by the economic environment and significance of the subject at hand for the
asset pricing literature, in this thesis we aim to answer the following key research questions.
What are the hedging properties of different asset classes against headline inflation and its
components, are they time-varying, and can any asset hedge against core inflation shocks?
Is there a consistent risk premium or price of inflation risk? Does the price of inflation
risk remain constant when we consider observable forecasting errors rather than in-sample
VAR residuals as inflation shocks and is it impacted by the accuracy of the forecasting
model? Can stock and bond return reactions to inflation risk explain the time-varying
relationship of the two asset classes?

To approach the questions, we choose a structure which builds upon existing literature,
but progressively extends and challenges current views. Each section offers an outline of
our key findings as well as a discussion where we attempt to contextualise and explain
the results. We begin by exploring the inflation hedging properties and price of risk
of conventional asset classes, backing the latter analysis by constructing inflation risk
factor mimicking portfolios, extending the analysis in Fang et al. (2022) to incorporate the
2020-2023 inflation surge. We then revisit the first two research questions by extending the
asset pool to other asset classes, including various alternative assets and trading strategies,
an area unexplored by Fang et al. (2022), to understand how these bear against inflation
risk and whether the price of risk remains robust in their presence. To further strain the
results, we then go beyond the methodology employed in existing literature and build a
VAR inflation forecasting model, where we ultimately optimize the forecasting window, to
test the hedging properties of asset classes and the price of inflation risk on out-of-sample

forecast errors observable to investors. Equipped with all the preceding analysis, similarly
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to Fang et al. (2022), we then consider the final research question and explore the dynamics
of the bond-stock correlation, offering a range of possible explanations of the relationship
stemming from our research and existing literature. We conclude our analysis by dissecting
stock returns into cash flow and discount rate news as a way to understand the key driver of
the core inflation betas of stocks. Subsequently, we conduct a range of tests to strengthen

the robustness of our results.



2. Literature Review

In the following section, we review the literature related to the topics discussed in our work.
While the core of this thesis is based on a paper published by Fang et al. (2022) titled
"Getting to the Core: Inflation Risks Within and Across Asset Classes", we extend the
timeframe under consideration, as well as venture into topics not covered by the authors.
This section aims to provide a solid academic background to support our methodology and
enrich the discussion.

2.1 Inflation Modeling

The Vector Autoregressive Model (VAR) was first introduced by Sims (1980) and has
been a cornerstone model for empirical macroeconomic analysis ever since, providing
a simple framework to comprehensively capture dynamics between multiple time series
(Stock and Watson, 2001). The VAR method served as a foundation for many influential
papers studying causal relations between stock returns and macroeconomic variables such
as interest rates, inflation and other, with multiple publications acting as examples of such
(Lee, 1992; James et al., 1985; Cologni and Manera, 2008). Although many complex
models originating from the VAR have been developed over time, as Stock and Watson
(2001) point out in their publication dedicated to vector autoregressions, simple VAR
models are still used as benchmarks for complex forecasting and modeling tools. The
choice of state variables employed in the VAR differs across studies, which, as argued
by Chen and Zhao (2009), can have a significant impact on the outcomes from the VAR
models. In this paper, we follow the VAR system used by Fang et al. (2022) which
supplements the New Keynsian VAR applied, for instance, by Bekaert et al. (2005), with
the price-dividend ratio. Moving window VAR models, resembling the method we employ
for inflation forecasting, have also been used in research concerning macroeconomic issues,
exemplified, for instance, by Swanson (1998) in his paper on the relationship between

money stock and real output.
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2.2 Inflation Hedging Properties of Asset Classes

As per the Fisher theorem, expected nominal rates should co-move with expected inflation,
and hence by extension one could infer that stocks should provide a hedge against rising
price levels (Fisher, 1930). However, already early empirical work disproves this theoretical
view, showing that stock returns are in fact negatively correlated with both expected and
unexpected components of inflation (Bodie, 1976; Miller et al., 1976; Fama and Schwert,
1977). The robustness of these findings has been further reinforced in the following years
with similar results obtained from studies using international stock market data (Solnik,
1983; Bekaert and Wang, 2010). While Bodie (1976) and Miller et al. (1976) focused on
common stocks, Fama and Schwert (1977) also considered US government bonds and bills,
which they find to be a hedge against both expected and unexpected inflation. Subsequently,
Fama (1981) revisited this topic to find plausible explanations for the negative inflation beta
of stocks, arguing it is driven by the negative relations between inflation and real activity.
Katz et al. (2016) offer a different explanation, suggesting that nominal discount rates used
by local stock investors are sticky and slow to adjust to increases in local consumption
baskets, hence stock returns tend to lag changes in inflation levels.

Although the bulk of research focused on common stocks and bonds, some studies
also covered inflation hedging properties of other asset classes. Ready et al. (2013) in their
exploration of carry trades find a negative correlation of inflation to forward discounts
and US-dollar denominated FX returns. Commodity futures, on the other hand, are found
to be positively correlated with both expected and unexpected components of inflation,
which Gorton and Rouwenhorst (2004) argue is due to futures including information about
foreseeable trends in commodity prices. Later research confirms this thesis, however adds
that the hedging abilities of commodity futures tend to vary over time (Spierdijk and Umar,
2015). With regards to real estate, often perceived as a good inflation hedge, early studies
analysing returns of tangible real estate portfolios show promising results, suggesting real
estate can shield from both expected and unexpected inflation components (Hartzell et al.,
1987; Rubens et al., 1989). However, as suggested by Case and Wachter (2011), numerous
factors make it challenging to determine the efficacy of real estate as an inflation hedge. In

fact, a more recent study in this area conducted by Hardin et al. (2012) focused on REIT
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returns shows contrary results, with REITs displaying a negative relationship with inflation,
particularly in the short-term.

The hedging properties of alternative asset classes such as digital assets, private equity
or hedge fund strategies still remain an under-researched area. Existing studies suggest
Bitcoin exhibits some inflation hedging properties, which were noticeable particularly
during the recent pandemic (Choi and Shin, 2022), however the robustness of the results
and the extent of the relationship remain uncertain. Neville et al. (2021) find that some
active trading strategies, after factoring in the trading costs, can provide a hedge against
unexpected inflation. These include, for instance, trend-following strategies within a range
of asset classes or value strategies.

While the majority of research on inflation hedging properties of asset classes
considers the relationship of asset returns with CPI headline inflation levels, Fang et al.
(2022) decompose inflation into its components: headline, core and energy. The authors
demonstrate that core and energy inflation exhibit different statistical properties and argue
that hedging of core inflation shocks, which represent the persistent component of price
level rises, is investors’ main concern. As opposed to some prior research on headline CPI,
Fang et al. (2022) find that, in general, real assets do not offer a statistically significant
hedge against core inflation shocks within the 1963 to 2019 time frame. The paper, however,
does not capture the recent inflationary period, which we consider in this thesis, along with
other asset classes and perspectives unexplored by the authors.

2.3 Price of Inflation Risk

As a further step, to enhance the understanding of inflation within the realm of finance and
asset pricing literature, many researchers explore the price of inflation risk or in other words
the inflation risk premium, both within and across asset classes. Chen et al. (1986) found
weak evidence of a time-varying inflation premium, prominent particularly in periods of
high inflation variance. These findings sparked further research in the area, which over time
provided more robust evidence supporting the significance of the inflation risk premium, as
well as reinforced the idea of its time-varying properties (Evans, 1998; Buraschi and Jiltsov,
2005; Bekaert and Wang, 2010). Grishchenko and Huang (2013) expand the discussion

showing that the inflation risk premium not only varies over time, but in fact changes its
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sign depending on the time period considered. Boons et al. (2020) argue that the inflation
risk premium exists because inflation is a predictor of real consumption growth. In their
recent study, Fang et al. (2022) show that the sign, significance and magnitude of the
inflation risk premium depends on whether we consider headline, core or energy inflation.
The researchers provide robust results supporting a statistically significant negative core
risk premium over time, suggesting investors are willing to pay to hedge against core
inflation risk. In line with prior research, they show time-variance in the magnitude of the
risk premia. Interestingly, the results appear more robust for core inflation as opposed to
headline risk premium, which was the main focus of preceding research.

Although most research focused on proving and trying to understand the existence
of the inflation risk premium in the wider economy, some studies centred on the price of
risk derived from particular assets. Hollifield and Yaron (2001), for instance, show that
there is a very weak evidence of an inflation risk premium in currency markets. On the
contrary, Andrews et al. (2020) show, in a recent paper, that inflation is a key factor in
explaining the returns of currency carry trades and the time-variation in such. When it
comes to commodities, Hou et al. (2023) show that a model-based commodity inflation
risk premium has a statistically significant explanatory power for the cross-section of
commodity returns. Fang et al. (2022) take this analysis a step further by examining the
price of risk across multiple assets while breaking it down into headline, core and energy
inflation as well as constructing inflation factor mimicking portfolios bearing the same
pricing power. Interestingly, the core inflation risk appears consistently priced across asset
classes bearing a negative risk premium, while the pricing of headline and energy inflation
fluctuates across asset classes.

2.4 Bond-Stock Correlation

Numerous papers explore the nature of the bond-stock correlation, the two key financial
instruments in many investors’ portfolios, some attempting to explain the underlying drivers
of the relationship. Early studies show a positive correlation of stock and bond prices, or
rather a negative correlation of stock prices and changes in yields (Shiller and Beltratti,
1992). Although this was true for the period examined by the authors, Ilmanen (2003)

later shows early proof of the correlation sign varying over time. Campbell et al. (2009)
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add the changing covariance to a standard term structure model suggesting it is a key
macroeconomic indicator that should be considered. More recent papers, such as the one
written by Brixton et al. (2023), show that the bond-stock correlation changed its sign in
early 2000’s and remained negative throughout the 21st century. However recently, as
shown by the authors, the sign of the correlation has moved closer to zero and changed to
positive for equity returns in some sectors. Academic literature further found evidence of
the properties of the bond-stock correlations differing across regions. Yang et al. (2009)
suggests that in the US the correlations are weaker during recessions while the opposite is
true in the UK.

Besides modeling the dynamics of the bond-stock correlation, past research has
further attempted to explain that phenomenon, presenting a range of theories. Boyd et al.
(2005), for instance, suggest the bond-stock correlation is higher with expansive monetary
policies. Yang et al. (2009) suggest two key macroeconomic indicators that can predict
the correlation: short rate and inflation rate. With those variables in mind, Brixton et al.
(2023) offer a more complex explanation of the relationship, significant for this thesis.
Armed with prior research on equity and bond sensitivity to inflation, they point out both
asset classes are negatively correlated to inflation news, while the sign of their correlation
to growth news differs. Hence, they consider demand shocks as key drivers of a negative
stock-bond correlation in the 21st century. Their rationale is that demand side shocks drive
inflation and growth in the same direction, with the correlation responding more strongly to
growth shocks. As an alternative explanation, they argue that for most of the 21st century,
inflation has been anchored and with low levels of uncertainty, hence growth shocks were
a key driver of the negative bond-sock correlation. By extension, an environment where
supply shocks drive inflation while hindering growth is one where the correlation is likely

to turn positive again.



3. Methodology and Data

The following section will outline the methodology employed in our analysis. In order to
ensure this paper can be replicated, this section will further detail the sources of data used
for the purpose of this thesis.

3.1 Methodology
3.1.1 Inflation Shocks

Following the methodology of Fang et al. (2022), inflation shocks in our model are defined

as the residuals from the following vector autoregression (VAR):

Tht = o1 + Tor—1 + g1 + 1fo1 + pdi—1 + gdppot, 1 + &

Tor = Tor—1 + Wer1 + W1 + 7fr-1 + pdy—1 + gdppot, 1 + ¢ o

T = Tor—1 + Tor1 + W1 + i1 + pdy—1 + gdppot, 1 + ¢

Ter = Wor—1 + Wer—1 + Tpem1 + 7fs-1 + pd—y + gdppot,—1 + &,

where 7, is the observed headline, core, food as well as energy inflation for period t, 7,
the core inflation, 7,,_; the energy inflation, TFi-1 the food inflation, 7f;_; the monthly
risk-free rate, pd,_; the price-dividend ratio and gdppor,_; the output gap. All the right
hand side variables are lagged by 1 period. We conduct regressions with headline, core,
and energy inflation as dependent variables from the beginning of 1968 to mid-2023 on a
quarterly basis, deriving quarterly shocks, ¢, based on an in-sample estimation approach.
Notably, as our research focus excludes food inflation due to its relatively minor contribution
to headline inflation shocks as Table 16 in the Appendix shows, it was solely utilized as an
independent variable in the VAR model.

Furthermore, given our analysis also delves into the most recent inflation episode from
2020 to mid-2023, we modify the methodology used by Fang et al. (2022) by conducting
VARSs on a monthly basis to augment the number of data points for this period. To increase
comparability with the quarterly VAR, the regression is run using the whole sample period
spanning from 1968 to June 2023. However, to account for the fact that markets can only

react to inflation shocks as soon as inflation numbers are published, which occurs after
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the month ends, we lag core inflation shocks by one month prior to running regressions
to determine hedging properties. For headline and energy inflation, we choose not to lag
them, considering that headline inflation is primarily driven by energy and food inflation
shocks, as depicted in Table 16 in the Appendix, and we assume that both energy and food
inflation shocks predominantly result from fluctuations in prices of tradeable commodities,
which can be incorporated by markets immediately!.

Given that the inflation shocks, as outlined above, are derived from the residuals of
an in-sample VAR, they do not correspond to shocks that financial markets can in fact
experience. To address this, we adopt an out-of-sample methodology using an expanding
VAR window, thereby extending the inflation shock modelling approach of Fang et al.
(2022). For this purpose, we consistently employ the most recent coefficients and data
points to forecast inflation for the subsequent quarter. Consequently, the inflation shocks
represent the difference between the forecasted and actual inflation during the respective
quarter.

Finally, we aim to identify the optimal window length that minimizes out-of-sample
forecasting errors, thereby reducing inflation shocks. This involves running VAR models
with any possible window length and calculating the mean forecasting error for each length.
However, to avoid errors in the VAR, the minimum window length was set to 7. Ultimately,
we select the window length with the lowest mean forecasting error for headline, core
and energy inflation shocks. These optimal window lengths are consequently utilized to

minimize inflation shocks, which we then employ in subsequent analyses as detailed below.
3.1.2 Inflation Hedging

Consistent with Fang et al. (2022), the exposure of each asset to inflation shocks is

determined through the following regression analysis:

i, =ay +ﬂ;£t + (3.2)

In this specification, ¢, represents the realized return of asset 7 in excess of the risk-free

rate. 42 denotes the exposure of asset 7 to the inflation shocks and ¢, refers to the inflation

Tables 17 and 18 in the Appendix demonstrate that, across the entire sample period, lagging solely core inflation
shocks yields the most consistent exposures to inflation shocks and prices of risk when comparing it to the
quarterly results (see Table 3).
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shock as defined in the VAR equation (3.1). To derive the exposure to headline inflation
shocks, we perform a single regression, while we run a joint regression to obtain the
exposures to core and energy inflation shocks. The #-statistics we report are adjusted in
accordance with the Newey and West (1987) methodology to account for heteroskedasticity
and autocorrelation inference in the time series.

Building on the betas derived from the first step regression (3.2), similarly to Fang
et al. (2022), we perform Fama and MacBeth (1973) cross-sectional regressions to estimate
the price of risk associated with each type of inflation. This estimation involves regressing

average returns onto asset betas:

E(Vi,t) =a;+ l{g, + ujy, (33)

where E(r;,) represents the average annual return of asset 7, 8; the exposure of asset 7 to
the inflation shocks and A the risk premium. As in the first step regression, we run a single
regression to derive the price of headline inflation risk, while we employ a joint regression
to calculate the price of core and energy inflation risk. We then report White adjusted
¢-statistics to account for heteroskedasticity.

To assess how the exposure of each asset class to inflation evolves over time, we
employ monthly first step regressions in a rolling five-year window. As next step, we
assess how fluctuations in volatility and overall inflation levels influence the exposures to
inflation risk. This is achieved by calculating the monthly differences in betas for each
type of inflation. Subsequently, we conduct a regression analysis on these time series with
the monthly differences in the level and volatility of inflation as joint explanatory variables
and the changes in betas for each inflation type as dependent variables. This allows us to
further explore the relationship between betas and the average level and standard deviation
of inflation. We choose a five-year rolling window and monthly inflation data to strike
a balance between responsiveness to short-term fluctuations and the ability to capture
longer-term trends. This differs from the section in Fang et al. (2022) on time-varying
exposures, as we do not use a local least square estimator and we also aim to identify the
relationship between inflation risk exposures in relation to both the level and volatility of

inflation.
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To determine whether markets consistently price in inflation risk across assets, we
construct inflation factor mimicking portfolios using the standard Fama-MacBeth procedure,
replicating the methodology outlined by Pukthuanthong et al. (2019). Given that we
conduct this exercise both within specific asset classes and for all assets combined, we
always adjust the data to ensure the beginning and end dates are consistent across assets.

We use the following equation to determine the asset weights in the mimicking portfolios:
w = VgV, (3.4)

where 777! is the covariance matrix of returns and B is the inflation shock beta of asset
returns. When w* derived from the above equation are applied to corresponding assets to
create a portfolio, the portfolio will have a unit exposure to the given inflation risk (8 = 1).
We perform the above procedure at every time period in our sample separately for headline
shocks in a univariate manner as well as core and energy shocks jointly. As a result, we
obtain three portfolios with varying weights in each period, maintaining a beta exposure of
1 to headline, core and energy inflation shocks respectively.

Finally, following Fang et al. (2022), we aim to investigate how one of the most
fundamental hedging properties in financial markets, namely the correlation between stocks
and bonds, behaves in the context of inflation shocks. For this purpose, we calculate how
much of the covariance between stocks and bonds is attributable to the covariance driven
by inflation shocks:

expl. itted sample
Cool = Codlyy” | Covii?™. (3.5)

In this specification, Covgfgl' represents the proportion of covariance attributed to inflation
shocks, Covzt;d signifies the covariance between the fitted values for stocks and bonds
derived from the first step regression (3.2), where core and energy inflation shocks serve as
the explanatory variables, and Covs 3 denotes the covariance between the excess returns of

stocks and bonds in the respective sample.

3.1.3 Discount Rate News vs Cash Flow News

We follow the standard Campbell (1991) approach to decompose stock returns into discount

rate and cash flow news. The following steps are performed on a range of stock market,
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industry and value-growth portfolios which we outline further in the data section. As a

first step, we run a VAR with the following specification:

Vit = Vir—1 +]7dt—1 + sz—l + The—1 &

pde = ripm1 + pdiy + rfioy + Ty (3.6)

rfy =rii1 ¥ pdi o +rfi + e + g

T = Fipm1 + pdi1 + 1fio1 + Ty + &

where 7;, represents the returns of asset 7, pd, represents the price-dividend ratio, rf; is the
risk free rate and 7, is level headline inflation. Conscious that the choice of state variables
for the VAR may have a significant impact on the outcome (Chen and Zhao, 2009), we
choose to follow the choice made by Fang et al. (2022). As per the standard VAR approach,
the right-hand-side is composed of lagged variables, in this case by one quarter. We then
use the VAR results to derive the discount rate news, applying the following formula from
Campbell (1991):

Npr; = el du,, 3.7

where 1 is defined as pI'(I" — pI') L. In this configuration, #, is a matrix of residuals from
the VAR, el’ is a vector whose first element is equal to 1 and other elements are 0, I" is
the matrix of VAR coefficients and p is the discount coefficient. In this paper, we set p to
0.967, which is the optimal discount coefficient derived by Vuolteenaho (2002). We then
proceed to derive the cash flow news using the indirect method which, as per Campbell
and Vuolteenaho (2003), is advantageous given it does not require to understand short-run

dynamics of dividends. We use the following equation to back out cash flow news:
Nege = (el +el D). (3.8)

We then regress the cash flow and discount rate news on core and energy inflation shocks
jointly.

3.1.4 Robustness Checks

To strengthen the validity of our analyses, we consider three distinct robustness checks

employed by Fang et al. (2022). First, we assess whether the price of inflation risk is still
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present when we introduce other exogenous macroeconomic variables. These variables are
included as independent variables when running regressions to determine the exposure of
each asset to inflation shocks. In the second step regression, we then estimate both the
price of inflation risk and the price of the risk associated with the specific macroeconomic
variable under consideration.

Secondly, we aim to examine whether it is the exposure to inflation shocks or the
exposure to expectations for future inflation that explains excess returns. For this purpose,
we conduct a two-step regression analysis. In the first step, we run a regression of excess

returns on the current level of inflation:

7ie = 2 Bleye e + i, (3.9

In this specification, ﬂfevel denotes the exposure to the level of inflation. In the second step,
we decompose the level of inflation into its unexpected and expected components. Similar
to our initial specification of inflation shocks, we use the residuals from the quarterly VAR
to capture unexpected inflation. For the expected inflation component, we obtain the fitted
values from the VAR, which represent the expectations at # — 1 for the level of inflation at z.
Subsequently, we conduct a joint regression of excess returns, incorporating both the fitted

values and residuals:

7, = o+ BUErm,) + Boemy + i (3.10)

where ﬂ; represents the exposure to expected inflation, (£;—_;7,) the inflation expectations
for period # in r — 1, j, the exposure to unexpected inflation, and ¢,, the unexpected
inflation in z.

As a last robustness check, we consider a different approach to determining inflation
shocks. Rather than employing the VAR to back out inflation shocks, we use the inflation
expectations from the Survey of Professional Forecasters and determine the shocks through

the following equation:

Uit = Tlevel — Tsurveys 3.11)
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where 7; jevel TEpresents level inflation, 7; survey is the expected headline inflation from the
survey and their difference #,, is the inflation shock. Given expected core inflation data
from the Survey of Professional Forecasters is only available from 2007, we follow the
approach suggested by Fang et al. (2022) and use headline expectation as the expected
inflation for both headline and core inflation. As energy inflation is largely unpredictable
and very volatile, we use level energy inflation as the shock itself. We then run Equation
3.11 separately for core and energy inflation in all quarters from Q3 1981 to Q2 2023
in order to determine inflation shocks. Once shocks are determined, we then follow the
previously outlined procedure to determine inflation hedging properties (3.2) and the price
of risk (3.3) and compare it to the regression results obtained when the shocks were backed
out from the VAR.

3.2 Data

3.2.1 Vector Autoregressive Model

Inflation data for the vector autoregression (VAR) analysis was sourced from the Federal
Reserve Economic Data (FRED) database. Specifically, we used the Consumer Price Index
for All Urban Consumers in the US, distinguishing between All items, All items Less
Food and Energy, Food and Beverages and Energy, consequently referred to as headline,
core, food and energy inflation, respectively. This data is seasonally adjusted and was
retrieved both on a monthly and quarterly basis, with inflation representing the change in the
Consumer Price Index on a month-on-month or quarter-on-quarter basis. Additionally, the
dataset for the US output gap was sourced from FRED, representing the relative difference
between the real gross domestic product and real potential gross domestic product. For the
risk-free rate, we use the monthly risk-free rate from Kenneth R. French’s research website,
while the price-dividend ratio for the US stock market was retrieved from Robert Shiller’s
research website. The time span covered by the data for the VAR analysis extends from the

beginning of 1968 to mid-2023.
3.2.2 Test Assets

In our analysis, we use various portfolios within asset classes as well as their respective
market portfolios. For assets where we faced constraints in accessing market level data, we

construct market portfolios manually, using the methodology outlined below. All our time
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series of returns, obtained from various sources, assume reinvestment of dividends. For
REIT data, where the total return time series was not available, we constructed it based on
available spot prices and the dividend yield.

We obtain our data from various sources: the stock market and international stock
returns are obtained from MSCI indices. This includes returns of the US stock market,
as well as Europe and Far East. Industry portfolio returns are downloaded from Kenneth
R. French’s website and encompass consumer, manufacturing, high tech and healthcare.
Treasury data is pulled from CRSP, we get the agency and corporate bond returns from
ICE Bofa Agency and Corporate indices. We gather returns of the fixed income assets for
a range of maturities depending on particular availability. Commodity returns are obtained
from GSCI indices and include livestock, agriculture, industrial metal, precious metal and
energy. We use the S&P US REIT index as the proxy for the REIT market in our analysis.
We further obtain currency data for multiple carry portfolios from the MIT Sloan School
of Management database, which time frame we then extend as outlined in a subsequent
paragraph. Additionally, in our discount rate vs cash flow news analysis, we use a range
of portfolios sorted from value to growth, which we download from Kenneth R. French’s
website. Returns of different asset classes have different start dates. Our longest time series
are for treasuries as well as industry and value portfolios from Kenneth R. French’s website
for which we have data from the beginning of 1968. However, treasury data only spans
until the end of 2022. The stock market returns for the US and other regions are available
from the beginning of 1970, so are the returns of the commodity market portfolio, livestock
and agriculture. Other commodity returns have shorter available time series, with precious
metal originating in 1973, industrial metal starting in 1977 and energy in 1983. Currency
return data spans from the beginning of 1984. The REIT return data is available from Q3
in 1989. Our shortest time series are the returns of agency bonds and corporate bonds
which are accessible from 1997.

Given constraints in accessing the data, we manually construct the market portfolios
for treasury and currency returns. We do so by taking the equal weighted average of the
returns of respective assets within each asset specification, hence implicitly assuming the

market portfolio is composed of the embedded assets in equal proportions. For currencies,
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we only use the carry 1-6 portfolios in the market portfolio construction.

To extend the availability of currency excess returns for carry portfolios 1-6, as
originally constructed by Lustig et al. (2011), and dollar carry excess returns, as formed
in a subsequent paper (Lustig et al., 2014), we compile these portfolios for the missing
time frames up to 2023. Following the methodology established by Lustig et al. (2011),
we source data for 26 currency pairs from Eikon. This dataset includes monthly spot and
1-month forward prices quoted in terms of USD, spanning from 2007 to 2023. For carry
portfolios 1-6, we calculate the 1-month forward discount for each currency pair at the end
of period . We then sort these currency pairs into six portfolios, with those exhibiting the
highest forward discount relative to the USD assigned to portfolio 6, and those with the
lowest discount allocated to portfolio 1. Next, we compute the average excess return of all
currency pairs present in each respective portfolio in the subsequent month.

For the dollar carry excess return, we determine the average of all forward discounts
for the 26 currency pairs. Similar to Lustig et al. (2014), we take a long position if an
average discount is observed across all portfolios in period # and a short position if an
overall premium is present on average. Subsequently, the excess return in the following
month (#+1) is computed as the average excess return, with a positive sign when we were
long and a negative sign when we were short in the previous month.

For all portfolios, we then conduct regressions of our currency excess returns on
the available excess returns. These regressions yield correlations ranging from 0.89 to
0.95 for the six carry portfolios and 0.93 for the dollar carry portfolio, suggesting that
our methodology in place is close to the one employed by Lustig et al. (2011) as well as
Lustig et al. (2014) and the currency returns are thus comparable over time. Finally, we
project the excess returns for the remaining time frame based on our currency returns and
the regression coeflicients.

In addition to traditional asset classes, we expand our analysis to include alternative
assets and trading strategies. As alternative assets, we examine Bitcoin and include
Treasury Inflation-Protected Securities (TIPS), for which we use the PIMCO 1-5 Year U.S.
TIPS index ETF and the PIMCO 15+ Year U.S. TIPS index ETF to differentiate between

short-term and long-term inflation-protected bonds. Our selection of active strategies
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encompasses merger arbitrage, represented by the IQ Merger Arbitrage ETF; event-driven
strategies, captured by the BlackRock Event Driven Equity Fund; market-neutral strategies,
for which we use the IQ Hedge Market Neutral Beta index, and trend following strategies,
reflected by the Eurekahedge CTA/Managed Futures Hedge Fund index. Moreover, we
consider different equity hedge fund strategies, including the Bloomberg Equity Long/Short
Hedge Fund index, the Bloomberg Equity Hedge Fund index, Bloomberg Equity Multi-
Strategy Hedge Fund index, the Bloomberg Equity Long Biased Hedge Fund index, as well
as the Bloomberg Equity Long Only Hedge Fund index. Additionally, we use the S&P
Listed Private Equity index as a proxy for private equity investments. Finally, we consider
the most commonly known risk factors from Kenneth R. French’s website, including Small
Minus Big (SMB), High Minus Low (HML), Winners Minus Losers (WML), Conservative
Minus Aggressive (CMA) and Robust Minus Weak (RMW) for the North American market.
Due to varying data availability for alternative assets and trading strategies, we restrict our

dataset to the period from 2020 to mid-2023, ensuring consistency in our analysis.

3.2.3 Data for Robustness Checks

To enhance the robustness of our results, we include five exogenous macroeconomic
control variables in our analysis: change in personal consumption expenditures, change in
personal consumption expenditures for durable goods, industrial production, total nonfarm
employees and the employment rate. This data is seasonally adjusted and was retrieved from
the FRED database for the US economy. As a further robustness check, we use data from
the Survey of Professional Forecasters run by the Federal Reserve Bank of Philadelphia
as the expected inflation, rather than using VAR to distinguish between expected and
unexpected components of inflation. The survey results represent expectations for one year
ahead inflation levels. It is conducted on a quarterly basis and its headline component runs
from mid-1981 to mid-2023. Given data for core inflation is only available from 2007,
we use headline as a proxy for both core and energy expectations, following the approach

presented in the paper published by Fang et al. (2022).



4. Empirical Findings and Discussion

The purpose of this chapter is to present the key findings of our thesis. We further
supplement it with a discussion of the interpretation and significance of our results.

4.1 Inflation Properties
4.1.1 Descriptive Statistics

As depicted in Panel A of Table 1, the average level of headline, food and core inflation
has been vastly similar over the whole sample period. However, differences in standard
deviations and autocorrelations between the three are relatively more pronounced. Overall,
the standard deviation of core inflation has proven to be the lowest, while showing the
highest degree of autocorrelation, suggesting that core inflation has been the most consistent
and predicable inflation component over the whole sample period. In contrast, energy
inflation exhibits a higher average level, with limited predictability due to a considerably
higher standard deviation and low autocorrelation of 0.08.

When examining monthly inflation data since the start of 2020, we observe not only a
higher level of inflation for all inflation components, but also a divergence of averages, with
average food and energy inflation being higher by roughly two percentage points, while
core inflation was higher only by 0.3 percentage points. With respect to autocorrelations, a
reversal of the pattern for energy inflation is observable. In the most recent inflation episode,
it has amounted to 0.37, indicating increased persistence. Core inflation, on the other hand,
has become relatively less predictable, as indicated by its reduced autocorrelation.

Panel B provides a breakdown of the components comprising headline inflation over
the entire sample period. Core inflation constituted the majority at 72 percent, followed by
food inflation at 20 percent, and energy inflation at 8 percent. In the most recent 3.5 years,
the composition has remained relatively stable, with food inflation contributing marginally
more, while core inflation constituted proportionally less.

As Panel C shows, the correlation between headline inflation and its components
is highest with core inflation throughout the entire sample period, which has remained
high, albeit decreasing slightly, in the latest inflation period. Conversely, energy inflation

has seen an increase in correlation with headline inflation most recently. Notably in this
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context, despite core inflation showing a relatively lower correlation with headline inflation,
the correlation between core and energy inflation has increased in the recent period. For
food inflation, a significant drop in correlation with headline inflation has been recorded,

declining from 0.59 to 0.18.

Table 1. Inflation Summary Statistics

Full Sample 2020-2023
A. Summary Statistics
Mean SD Autocorr Mean SD Autocorr

Headline 4.04 1.69 0.60 4.66 1.26 0.57
Core 3.99 1.38 0.75 4.26 0.87 0.66
Food 4.06 1.95 0.50 5.99 1.24 0.65
Energy 5.05 10.26 0.08 6.82 11.57 0.37
B. Headline Composition

B s.e. 4 s.e.
Core 0.72 0.01 0.67 0.01
Food 0.20 0.01 0.23 0.01
Energy 0.09 0.00 0.09 0.00

C. Correlation Matrix

Headline Core Food Energy Headline Core Food Energy

Headline 1.00 1.00

Core 0.81 1.00 0.77 1.00

Food 0.59 0.47 1.00 0.18 0.09 1.00

Energy 0.69 0.21 0.15 1.00 0.84 0.33 -0.04 1.00

Note: This table provides summary statistics for headline, core, food and energy inflation components. Panel
A presents summary statistics for each inflation component, including their mean, standard deviation and auto-
correlation. All values are annualized. Panel B reports the regression results of headline inflation on core, food
and energy inflation. Panel C reports the correlation matrix.

4.1.2 Inflation Shocks

Figure 1 plots core, headline and energy inflation shocks from our vector auto regression
model. As can be inferred from the graph, the time series of shocks exhibit different
properties depending on the inflation metric.

The core inflation shock time series is the least volatile, with shocks fluctuating
mostly within a +/— 1 percent bound and never differing from zero by more than 2 percent.
This result is intuitive, given core inflation exhibits the highest autocorrelation and lowest
variance among the three inflation measures we analyse. Interestingly, periods of high core

shocks tend to be clustered and last a relatively short time.
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Energy inflation is substantially the most volatile. Shocks frequently breach a +/— 10
percent bound, suggesting this component of headline inflation is extremely difficult to
forecast. The shocks appear less clustered, however are characterized by significant and
sudden spikes.

Headline inflation shocks are more volatile as compared to core shocks, however
still significantly less volatile than energy shocks, predominantly staying within a +/— 2
percent bound. Notably, when comparing headline to energy shocks it is noticeable that
energy shocks drive the volatility of headline inflation, particularly in periods where energy
inflation experiences major spikes. The headline shock time series thus seems comparable
to the energy shocks plot, however its volatility appears significantly dimmed by the core
inflation component. The observation of energy inflation shocks being the main driver of
headline inflation shocks is also supported by Table 16 in the Appendix, which shows that
energy inflation shocks can explain 64 percent of the variation in headline inflation shocks

over the full sample period.
Figure 1. Time Series of Inflation Shocks
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Note: This figure illustrates the time series of core, energy, and headline inflation shocks, being the error terms,
&, from the VAR specified in (3.1).

4.2 Inflation Hedging
4.2.1 Inflation Hedging Properties of Assets Classes

As shown in Panel A of Table 2, we find positive beta coefficients in response to headline
inflation shocks for currencies, commodities and REITs over the entire sample period,

with REITs not showing any statistical significance. Currencies exhibit almost perfect
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inflation hedging properties in response to unexpected headline inflation, indicating that
an unexpected 1 percent inflation shock is associated with a 0.91 percent increase in the
value of the currency portfolio. Commodity portfolios exhibit even more robust inflation
hedging properties, implying an expected return of 8.19 percent in response to the same
shock. Stocks and bonds were negatively correlated with inflation shocks throughout the
entire sample period, with only treasury and agency bonds being statistically significantly
exposed to headline inflation shocks.

As Panel A further illustrates, a clearer picture emerges for the exposure to core
inflation shocks. All assets examined had negative core inflation betas, ranging from —4.47
for international stocks to —0.14 for agency bonds. However, only the coefficients for
treasuries and domestic as well as international stocks are statistically significant. For
energy inflation shocks, most asset classes exhibit beta coefficients close to zero, except for
commodities, which display a beta of 1.15. Despite showing relatively low values for betas,
the coefficients for treasury and agency bonds, as well as currencies and commodities, are
statistically significant.

Accordingly, the hedging properties of real assets, such as stocks, commaodities, REITs,
and currencies, are confirmed only for currencies and commodities in response to headline
and energy inflation shocks. The almost perfect hedging properties of the currency market
portfolio in relation to headline inflation indicate that the market mechanism of currency
devaluation in response to a headline inflation innovation works well. This implies the
USD depreciates when US headline inflation unexpectedly rises, causing foreign currencies
to appreciate, resulting in a strong performance of the currency portfolio, which consists of
a basket with forward contracts to buy foreign currencies. However, this mechanism does
not appear to function when core inflation is unexpectedly high. Combining the argument
presented by Fang et al. (2022) of higher core inflation subsequently leading to lower
real activity as well as consumption, with the argument of Lustig et al. (2011) of foreign
currencies with high interest rates depreciating against the USD when US consumption
growth is low, while currencies with low interest rates do not, we suggest that markets
interpret core inflation shocks as increased US consumption risk and, in their search for
safety, buy securities denominated in USD, acting as a counterweight to the currency

devaluation mechanism described above.
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Table 2. Asset Return Exposure to Inflation Shocks

Mean S.D. Headlinef f-stat Coref8 -stat Energy 8  s-stat

A. Full Sample Period

Stock 727 1692 -096  -0.57 -4.09  -2.46 0.17 097
Treasury 2.11 7.28 -240  -7.12 -1.92 212 -0.21  -4.00
Agency 1.93 3.45 -090 -3.72 -0.14  -0.39 -0.10  -3.11
Corporate 3.19 5.93 -031  -1.15 -0.62  -0.48 -0.02  -0.48
Currency 1.53 6.88 0.91 241 -0.56  -0.68 0.13 2.56
Commodity 501 2285 8.19 487 -041  -0.21 1.15 6.10
REIT 6.62 19.74 3.19 1.40 -1.59  -0.43 0.37 1.21
Int Stock 631 18.89 -0.55  -0.31 -447  -3.61 0.21 1.11
B. 1968-1999

Stock 782  16.77 -5.61  -4.08 -472  -2.55 -035  -1.37
Treasury 1.70 7.51 -293  -6.30 -2.56  -3.04 -020  -2.17
Agency 0.83 3.48 -0.63  -0.97 3.62  3.66 -025  -2.60
Corporate 0.71 3.82 -1.07  -1.22 289  2.08 -026  -2.03
Currency 2.18 7.99 0.12  0.09 0.18  0.08 0.07  0.30
Commodity 6.64 19.83 3.98 1.74 -0.02  -0.01 0.66 1.62
REIT -0.54  15.30 -8.03  -1.79 -5.08  -0.89 -0.67  -0.97
Intl Stock 790 1891 -5.39  -3.50 -4.61  -2.68 -0.58  -1.93
C. 2000-2019

Stock 552 16.13 2.68 1.79 -598  -1.12 0.33 1.61
Treasury 3.63 6.48 -223 544 -1.23 -0.74 -022  -4.16
Agency 2.76 3.23 -1.04 498 -0.52  -0.65 -0.10  -3.92
Corporate 4.53 5.26 -0.18  -0.73 -0.66  -0.29 -0.01  -0.21
Currency 1.40 6.15 122 414 -1.71 -0.85 0.15 2.52
Commodity 1.46  24.87 11.91 8.64 -1.05  -0.25 1.26 573
REIT 11.05 20.84 3.96 1.42 -7.16  -1.19 0.45 1.09
Intl Stock 396 18.29 3.55 297 -6.14  -0.91 0.45 2.14
D. 2020-2023

Stock 1291 2031 1.21 0.33 -525  -1.73 0.27 1.00
Treasury -3.72 7.29 -1.99  -2.50 078  0.67 -020 -2.73
Agency -1.88 3.45 -0.87  -4.36 -0.06  -0.13 -0.08  -4.32
Corporate -2.16 9.01 -0.11  -0.09 -220 251 0.01 0.18
Currency -0.73 4.04 1.20 224 -041  -0.49 0.09 1.61
Commodity 1270 28.58 13.52 1.95 -8.04 -1.61 130 217
REIT 4.19  23.00 3.77 0.71 -3.92  -1.40 0.53 1.22
Int Stock 6.26 1949 244 072 -6.18  -2.12 0.40 1.50

Note: This table reports the regression results of the following specification; rf et ﬁﬁrzt + u;;, where VZ , are
excess asset returns and ¢, is the error term from the VAR (see Equation 3.1). We run a univariate regression
for headline shocks, while for core and energy inflation shocks we run the regression jointly. The z-statistics we
report are adjusted in accordance with the Newey-West methodology. All mean returns and standard deviations
reported are annualized. We report the results for separate time periods and the full sample period.
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The correlation between core inflation and subsequent real growth could also serve
as explanation of why commodities can only hedge against headline and energy inflation.
As Baffes and Kabundi (2023) show, commodity prices are increasingly driven by the
global business cycle, suggesting a slow-down in the US economy would lead to a decline
in demand for commodities. Nevertheless, the coefficient of above 1 for energy inflation
shocks gives evidence for the hedging capabilities commodities have against unexpected
inflation, indicating that some components in the commodity portfolio react even stronger
to energy shocks than energy prices as measured in the consumer price index.

Unlike currencies and commodities, stocks and REITs exhibit no hedging properties
at all since they are either negatively exposed to inflation shocks or fail to show statistical
significance. In the context of performance of real estate investments Case and Wachter
(2011) point out that, while they theoretically should have perfect hedging properties, a
number of different factors make it difficult to assess the effectiveness of real estate as
an inflation hedge, including differing degrees of long-term and short-term leverage, the
ability to pass on prices to tenants and differing effects of supply and demand shocks on the
real estate market. Thus, our analysis supports the assumption that REITs do not behave in
a particular stipulated manner in response to inflation shocks.

For stocks, we aim to explore in Section 4.2.7 whether the lack of ability to hedge
against any type of inflation shocks is predominantly driven by cash flow news or discount
rate news. However, there seems to be a consistent pattern linking the hedging properties
of domestic and international stocks to the exposure of the currency portfolio. As Table
2 demonstrates, if currencies have a positive exposure to inflation shocks, international
stocks yield a better performance in response to inflation shocks than domestic stocks, and
vice versa, indicating that the hedging properties of international stocks also correlate with
the hedging properties of the currency portfolio.

Although bonds in general exhibit negative correlations with all types of inflation
shocks, we observe that agency and corporate bonds consistently have lower exposure
to unexpected inflation compared to treasury bonds. In this context, Kang and Pflueger
(2015) argue that higher than expected inflation leads to a real devaluation of nominal debt

claims, meaning corporations and agencies have relatively less debt compared to their
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earnings, which are expected to increase with inflation. This in turn leads to corporations
and agencies having relatively less credit risk, offsetting some of the negative effects of
prospective interest rate rises. As treasury bonds are considered risk-free, we do not
observe a corresponding positive effect on creditworthiness.

Remarkably in this context, the exposure of all bonds to energy inflation shocks is
sensitive to changes in the volatility of energy inflation shocks as Table 19 in the Appendix
shows. This means that an increase in the annualized inflation volatility of 1 percent leads
to a decrease in the beta of 0.03, 0.01 and 0.01 for treasury, agency and corporate bonds,
respectively, indicating the loss in bond values is particularly pronounced in response to an
upward inflation shock if uncertainty associated with energy inflation is high with similar
implications for headline inflation shocks.

Table 2 further dissects the hedging properties of the eight asset classes into three
periods, namely a period from 1968-1999, one from 2000-2019 and one from 2020-2023.
A paradigm shift appears to have occurred from the first to the second period in terms
of how markets perceive core inflation. While five out of eight assets exhibit statistically
significant coefficients during the first period, none of the core inflation coefficients were
significant in the latter period. Also, corporate and agency bonds as well as currencies
switched their sign from positive to negative, with now all core shock betas being negative
in the second subsample, indicating that there were no assets that could effectively hedge
against core inflation innovations. Energy inflation shocks, on the other hand, appear
to have become more important for asset returns, with headline inflation shock betas
moving in the same direction as energy inflation shocks. In this context, Fang et al. (2022)
argue that core inflation has been more volatile in the early sample, while energy inflation
has become more volatile starting in the late 1990s, causing energy inflation shocks to
contribute relatively more to headline shocks.

Fang et al. (2022) further suggest that energy inflation shocks were mainly driven by
supply shocks in the first subsample period, with demand shocks becoming the main driving
force of energy inflation shocks after 2000 until 2019. Following the argument outlined
by Ready (2017), who finds supply shocks to be strongly negatively correlated with stock

returns as well as future economic output, and demand shocks to have a strong positive
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relation, this can explain why the sign of stock’s headline and energy betas switched from
negative to positive in the second subsample. A similar interpretation could apply to REITs,
whose exposure to headline and energy inflation shocks has also changed between the first
and second subsample.

The differences between the core exposures of treasuries compared to agency and
corporate bonds in the first subsample period, on the other hand, might be a product of the
shorter availability of agency and corporate bonds, with both time series starting in 1997,
and thus we can not effectively compare them between each other. Additionally Fang et al.
(2022) find negative and statistically significant betas for corporate and agency bonds for
their 1963-1999 subsample using a longer time series of data, therefore we do not consider
the coefficients as enough evidence to conclude that those fixed income instruments had
hedging properties against inflation shocks in this particular subsample period.

In the latest subsample, no major changes in the exposure to headline and energy
inflation shocks can be observed. Only stocks have lower but still positive betas in the most
recent subsample, which, in light of Ready’s (2017) findings, indicates that there might
have been counterweighting forces at play, with the negative shock to demand during the
first phase of the Covid-19 outbreak suppressing demand for oil and the war in Ukraine
and the subsequent ban of Russian oil representing a shock to the supply side.

Core inflation shocks, on the contrary, have become significant for international
stocks and corporate bonds, with stocks and commodities approaching the five percent
significance level. This suggests that core inflation overall has become again more relevant
for financial markets most recently, especially given the fact that we have roughly half of
the data points compared to the period before, which makes it relatively more difficult to
find statistically significant relationships. While the signs or the magnitude of most beta
coefficients changed over time, the exposure of stocks to core inflation shocks is relatively
consistent between all three subsample periods, indicating there is something inherently
detrimental in unexpected core inflation for stocks.

Notably, corporate and agency bonds have been consistently less exposed to headline
and core inflation shocks in all subsample periods with only one exception in the most

recent subsample. Here, corporate bonds exhibit a statistically significant negative beta in
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response to core inflation, while treasury and agency bonds display insignificant positive
betas or betas close to zero. In this context, the behaviour of corporate bonds during
recessions could serve as a possible explanation for the negative exposure. As Bordo and
Duca (2021) argue, in times of recessions the spread between corporate bond yields and
treasury yields typically widens, meaning investors anticipate a higher default risk and
want to be compensated for that. In fact, the Sahm Rule Recession indicator (Sahm, 2023)
was more than three times higher, on average, in the latest subsample period compared to
the first subsample period and almost four times higher compared to the second subsample
period. The behaviour of bonds in recessions will be further evaluated in Section 4.2.4
where we include the full set of assets.

When examining the evolution of the hedging properties of commodities over time,
we observe contrasting trends for headline inflation and core inflation. While the magnitude
of commodities’ positive exposure to headline inflation shocks has increased over the
three subsample periods, the opposite trend is observed for commodities in response to
core inflation shocks. Here, the coefficients have become increasingly more negative and
significant, indicating that commodities have become less capable of hedging against core
inflation. This is consistent with the view that core inflation risk approximates consumption
growth risk and the findings of Baffes and Kabundi (2023) regarding commodities becoming
progressively more aligned to the global business cycles.

Finally, it appears that currencies have started to act as hedges against headline
inflation only since 2000. The reasons for this change, however, are beyond the scope of
this thesis.

4.2.2 Price of Inflation Risk

In this section, we define the price of risk an investor is willing to pay to hedge against
inflation based on the betas and the average returns for all available conventional assets. A
more detailed explanation of the test assets used in this analysis will be provided in Section
4.2.4. As Table 3 illustrates, we find an insignificant positive coefficient for headline and a
significant positive coefficient for energy inflation for the whole sample period, indicating
it is free or even rewarded to hedge against unexpected headline and energy inflation. The

price of hedging against core inflation shocks, on the other hand, is significantly negative
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amounting to —1.10. This means investors require a compensation of 1.10 percent of
excess return if the negative exposure to core inflation shocks rises by 1 percent. Vice versa,
investors are willing to pay 1.10 percent of excess return in order to get a positive exposure
of 1 to core inflation shocks, meaning if core inflation rises by 1 percent unexpectedly, their
portfolio value would rise proportionally.

Table 3 further provides details of how the price of inflation risk evolves over time.
For headline inflation shocks, we observe only a minor intertemporal variation. For core
inflation, the changes are relatively modest as well, although the price of core inflation
risk increases by roughly 1 percent in the latest subsample period, indicating investors
were willing to pay more to hedge against core inflation shocks in the most recent inflation
episode. Although we use monthly rather than quarterly data for the subsample spanning
from 2020 to 2023, when comparing the core lagged results from Table 18 in the Appendix
run on monthly data with the full sample A from Table 3 run on quarterly data, the risk
premia are very similar. Hence, this suggests the stark increase of the price of core inflation
risk in the most recent subsample period is unlikely to be driven predominantly by the
modified methodology, but rather uncovers some interesting insights on investors’ aversion
to core inflation shocks after 2019.

The price of energy inflation risk, on the other hand, varies drastically between the
subsamples. While the premium is not statistically significant in the first and last subsample,
it is significant and positive in the period spanning from 2000 to 2019. As previously
shown, the volatility of energy inflation shocks was the highest between 2000-2019 and
driven predominantly by demand shocks (Fang et al., 2022). This suggests that, when
energy inflation is driven by demand side shocks, investors expect a risk premium to be
compensated for their exposure to energy inflation risk, which in the 2000-2019 subsample
period amounted to a significant 5.86 percent. Additionally, given that energy inflation
shocks explained 91 percent of headline shocks in the 2000-2019 period as Table 16 in
the Appendix shows, we argue the shift in how markets perceive energy inflation risk
contributes to explain the statistically significant headline shock risk premium in that
period.

Finally, Table 3 provides evidence of the importance of decomposing headline inflation
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into core and energy inflation as the explanatory power consistently increases in the model
where core and energy inflation shock betas are used to explain returns compared to the
model where only headline inflation is employed. Interestingly, the explanatory power of
the Fama-MacBeth regressions increases over time, indicating that inflation risk has gained

importance as a risk factor in the markets since the start of the millennium.

Table 3. Fama-MacBeth Regression Results

A. Full Sample B. 1968-1999
Headline 2 0.09 0.00
t-stat 0.24 0.00
Core 1 -1.10 -0.63
t-stat -7.31 -2.65
Energy A 243 1.57
t-stat 4.25 0.48
R? 0.01 0.72 0.00 0.38
C. 2000-2019 D. 2020-2023
Headline 2 0.68 0.96
t-stat 4.28 0.99
Core 1 -0.61 -1.60
t-stat -5.47 -2.51
Energy A 5.86 -0.41
r-stat 3.71 -0.05
R? 0.39 0.67 0.34 0.59

Note: This table presents the price of risk estimated from 35 asset portfolios, using the standard Fama-MacBeth
approach with the following specification; £ (r;;) = a;+Af;+u;:, where E(r;;) represents the average annualized
return of an asset, 4; is the asset’s inflation shock beta and A is the price of risk. The regression is run separately
for headline and jointly for core and energy inflation shocks. We present the results for subsamples and the full
sample period. The #-statistics in the table are adjusted in accordance with White’s approach.

4.2.3 Inflation Factor Mimicking Portfolios

In this section, we construct factor mimicking portfolios to assess whether inflation risk
is consistently priced across asset classes. This technique is frequently employed in
asset pricing research to model risk factors which are not directly tradable, given the
Fama-MacBeth replicated portfolios have unit exposure to to the chosen factor, and hence
bear the same risk-reward characteristics (Huberman and Kandel, 1987; Breeden, 1979).
We hereby utilize this methodology on an asset level as it allows to reduce the noise from
running a two-step Fama-MacBeth procedure (Kleibergen and Zhan, 2014) to estimate the

price of inflation risk within asset classes, while providing the same intuition.
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Table 4 shows the mean returns and standard deviations of portfolios mimicking core,
energy and headline inflation as risk factors. The mean returns of the factor mimicking
portfolios replicating core inflation risk are in line with the previously discussed findings
for the price of core inflation risk. With the exception of commodities, the core inflation
risk is consistently negatively priced across assets, which provides robustness to our prior
findings.

This image is not as clear for energy and headline inflation. The mean returns of
portfolios replicating the risk of the former vary significantly, which is reflective of the high
volatility of energy inflation shocks (see Section 4.1.2). This volatility can be seen directly
through the increased standard deviation of energy shock factor mimicking portfolios as
compared to core or headline. Similarly, headline inflation mimicking portfolio returns,
while less volatile, are not consistently priced across asset classes. This result could
be anticipated given, as previously shown, headline inflation risk often does not bear a
statistically significant risk premium. Additionally, its sign exhibits time-varying patterns
differing across assets (see Section 4.2.1), which translates to inconsistent returns of

portfolios mimicking headline inflation risk.

Table 4. Mean Returns and Standard Deviations of Inflation Factor Mimicking Portfolios

Stock Treas  Agency Corp Curr Comm REIT Intl All
A. Core
Mean -0.97 -0.17 -0.61 -0.37 -0.55 0.27 -1.28 -1.26 -0.28
SD 2.75 2.16 4.89 3.23 1.04 1.70 10.50 3.30 0.82
B. Energy
Mean 1.21 -5.80 -8.98 -7.15 10.22 1.45 -1.73 14.14 0.19
SD 32.88 24.98 31.61 46.96 23.17 19.43 81.06 60.37 16.93
C. Headline
Mean -0.44 -0.64 -0.02 2.39 -0.01 0.32 0.39 -2.47 -0.22
SD 2.89 2.61 3.72 14.42 2.00 2.17 5.70 8.27 1.71

Note: This table displays the percentage annualized mean returns and standard deviations of the factor mim-
icking portfolios constructed from assets within separate asset classes as well as all the assets combined. The
factor mimicking portfolios are constructed following the standard Fama-MacBeth factor mimicking portfolio
weight allocation procedure, where w* = V’lﬂ [ﬁ, V ’lﬂ]’l, (see Equation 3.4).
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4.2.4 The Full Set of Asset Classes

To explore whether expanding the asset universe yields statistically significant inflation
hedges in the last 3.5 years, this section includes the full set of test portfolios consisting of
35 conventional assets as well as 18 additional alternative assets and trading strategies. We
further explore the changes to the price of inflation risk when alternative assets and trading
strategies are considered.

With regards to the exposure of assets to inflation innovations, we find conventional
assets to have somewhat similar hedging properties within asset classes with a few
exceptions and patterns observable as Table 20 in the Appendix indicates. Most notably,
while all treasury and agency bonds are more negatively exposed to energy inflation shocks
the longer their maturity, the opposite is true in response to core inflation shocks, with
their exposure becoming more positive as their maturity gets longer. For corporate bonds,
however, we observe no difference between maturities in response to energy inflation
shocks, whereas their exposure increases with maturity in response to core inflation shocks.
In this context, Bauer (2011) argues that core CPI inflation surprises tend to affect the
shorter end of the yield curve more than the longer end, with long term forward yields
increasing approximately half as much as short-term forward rates in response to a higher
than expected core CPI. However, given that longer-maturity bonds have higher duration
and are thus more sensitive to interest rate changes, we would expect bonds in general to
fall more in response to unexpected inflation the longer their maturity. This assumption is
also consistent with the findings of Fang et al. (2022), which show all bonds to be relatively
more exposed to any type of inflation shock when their maturity is longer.

As alternative explanation, we propose that there has been a difference between how
markets have interpreted energy and core inflation shocks in the last 3.5 years. While
markets have deemed energy inflation shocks to only imply increased interest rates in the
future with no increased recession risk, core inflation shocks might have been interpreted
as an indicator for a higher recession risk either due to interest rate hikes that go above the
neutral level thereby causing a recession or due to the correlation between core inflation
shocks and lower future real growth as suggested by Fang et al. (2022), which eventually

forces the Federal Reserve Bank to lower interest rates. This could explain why longer-
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term treasuries were not only unaffected by higher than expected core inflation but also
benefited from it when looking at the consistently positive albeit insignificant coefficients
for treasuries with maturities longer than three years in response to core inflation shocks.

Another supporting argument for this hypothesis is the fact that unexpected core
inflation has led to a price decrease of 3-year treasuries amounting to roughly 0.27 percent
for each percent of unexpected inflation, while 10-year treasuries appreciated by 1.19
percent in response to an unexpected inflation shock, which effectively means that the yield
curve either approaches inversion or further inverts. As an inversion of the yield curve is
commonly known to be a robust recession predictor (Cooper et al., 2020), the sign of the
coefficients therefore strengthens our hypothesis when neglecting the lack of statistical
significance the two coeflicients exhibit. The increased recession risk due to unexpected
core inflation is also consistent with the negative exposure corporate bonds exhibit since
increased recession risk tends to coincide with a widening of credit spreads as argued by
Hollander and Liu (2016).

Consistent with the assumption that core inflation risk is associated with US con-
sumption growth risk and the fact that manufacturing is a highly cyclical industry (Klier,
2000), we find the manufacturing sector to exhibit the highest exposure to unexpected
core inflation. A similar explanation could also apply to the industrial metal portfolio,
which exhibits a highly negative and statistically significant coefficient in response to core
inflation. Remarkably, the healthcare sector had a very low but statistically significant
positive coefficient for unexpected core inflation, indicating that healthcare stocks proved
resistant against core inflation shocks over the last 3.5 years, albeit the magnitude of the
coefficient suggests that it can not serve as an effective hedge in practice. Furthermore,
the energy portfolio displays a coefficient of 2.18 in response to energy inflation shocks,
suggesting unexpected price increases on traded energy commodities are not immediately
passed to consumers where it would be captured by the US consumer price index.

For alternative assets and trading strategies, we find most portfolios to have a
positive albeit insignificant coefficient in response to energy inflation shocks and negative,
predominantly significant, coefficients for core inflation shocks. Given the lack of statistical

significance for the hedging properties in response to energy and headline inflation shocks,
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this analysis thus neither contradicts nor supports the findings that some active trading
strategies exhibit hedging properties against inflation shocks as presented by Neville et al.
(2021). Contrastingly, for core inflation shocks, these findings are directly contradicted,
with the underlying reasons for this inability to hedge remaining vastly underexplored in
academia.

For the performance of hedge funds in response to headline inflation, however, a
report by Stack et al. (2023) from Goldman Sachs Asset Management helps to explain
as to why hedge funds have, although lacking significance, positive exposure to headline
inflation, offering several explanations for this behaviour. These include high levels of cash
in hedge funds, increased benefits from interest earned on the proceeds of shorting stocks,
and the added value of security selection. Additionally, trend following and directional
macro portfolios have benefited from the coordinated rise in interest rates in 2022 (Stack
et al., 2023).

With regards to alternative assets, the hedging properties of TIPS are particularly
intriguing as their purpose is to hedge against inflation (D’Amico et al., 2018). Since TIPS
were only introduced in 1997, the inflation episode starting in 2021 represents the first
time where the effectiveness of TIPS in times of high inflation could be assessed. However,
as Table 21 in the Appendix shows TIPS fail to hedge against any type of inflation, with
the longer-term TIPS index exhibiting a particularly high negative exposure, providing
evidence that TIPS indexes can not fulfill their purpose.

In our analysis, we consider Fama-French risk factors among active trading strategies,
given they imply dynamic portfolio sorting and their replication, by traders, requires
active rebalancing. Remarkably, the Fama-French risk factor RMW, representing the
performance difference between the companies with the highest and lowest operating
profitability, behaves in the opposite direction to most of the other portfolios. While it
exhibits a negative exposure to energy inflation, it was positively correlated to unexpected
core inflation, with the coefficients approaching the five percent significance level. Similar
to the widening of credit spreads in times of recessions, this finding could imply, in light
of the core inflation risk debate, that investors prefer profitable and thus relatively safe

companies in times of economic uncertainty associated with consumption growth risk.
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When we use the expanded asset universe to define the effect on the price of risk, we
observe a sizeable impact for all inflation types as Table 5 shows. Given that alternative
assets and trading strategies carry a negative inflation risk premium for all inflation
measures, including them leads to a substantially higher price of risk for all inflation shock
types. In fact, the price increases to 0.35 percent for headline shocks, while the price of
hedging against core and energy inflation goes up to 2.14 and 4.26 percent, respectively.
This suggests that investors would be worse off in terms of inflation hedging costs when all
assets under consideration are included in a portfolio.

However, Table 22 in the Appendix further dissects alternative assets and trading
strategies into alternative assets, active funds and Fama-French risk factors, showing the
substantial differences within alternative assets and trading strategies. When isolating
active funds from alternative investments and Fama-French risk factors, we find active
funds to yield a positive price of risk for all types of inflation shocks, with the price for
headline inflation risk being highly significant. This means investors are rewarded to load
on headline inflation risk in a scenario where we only consider actively managed funds.
While we can not find a significant coefficient for the price of core inflation risk, the positive
sign suggests that including actively managed funds could reduce the overall price of
risk. However, rather than this being caused by active funds exhibiting hedging properties
against unexpected core inflation, it appears that the positive, albeit insignificant, coefficient
may be due to the fact that some active funds exhibit a negative exposure to core inflation
shocks and simultaneously yield a negative return, which ultimately implies that shorting
these specific funds leads to a positive core inflation risk premium. Also interestingly, the
explanatory power of headline shock exposures is almost as high as when dissecting it
into core and inflation shock exposures, indicating that the performance of active funds
is relatively better explained by headline inflation innovations than conventional assets
are. Similar to active funds, Fama-French risk factors exhibit an insignificant positive
core inflation coefficient, however carrying a significant negative coefficient for headline
inflation risk.

Overall, we conclude that expanding the asset universe beyond the eight assets we

used initially does not significantly improve the hedging opportunities in the last 3.5 years.
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However, evidence suggests that the price of risk to hedge against core inflation can be
reduced if distorting assets such as Bitcoin are excluded and active trading strategies, in
our case active funds and Fama-French risk factors, are included, and investors in fact

demand a risk premium for headline inflation risk when only active funds are considered.

Table 5. Fama-MacBeth Regression Results with the Expanded Asset Universe

Conventional Assets Alternatives Combined Asset Universe

Headline 1 0.96 -4.05 0.35

r-stat 0.99 -0.66 0.36

Core 1 -1.60 -2.32 -2.14
r-stat -2.51 -0.89 -1.51
Energy 4 -0.41 -8.61 -4.26
t-stat -0.05 -0.31 -0.42
R? 0.34 0.59 0.19 0.88 0.01 0.82

Note: This table presents the price of risk estimated from 35 conventional assets, alternatives and both conven-
tional assets as well as alternatives combined, using the standard Fama-MacBeth approach with the following
specification; E(r;;) = a; + AB; + u;;, where E(r;,) represents the average annualized excess return of an asset,
B; is the asset’s inflation shock beta and 1 is the price of risk. The regression is run separately for headline and
jointly for core and energy inflation shocks. The #-statistics in the table are adjusted in accordance with White’s
approach.

4.2.5 Price of Risk Using an Out-of-Sample Forecast

The preceding analysis and standard approach for empirical research of hedging properties
with a VAR involves in-sample errors ¢,. Although the literature provides support for
in-sample test significance in VAR analysis (Stock and Watson, 2001), we consider an
alternative methodology, using out-of-sample forecasting errors as inflation shocks. This
provides a more realistic approach given investors only experience a true inflation surprise
when the inflation forecast for a given future time period differs from the value reported by
respective authorities. Furthermore, we find it economically interesting to consider the
implied price of inflation risk from out-of-sample optimized window inflation forecasts
and compare it to the results from expanding window and in-sample analysis.

We first optimize the VAR window for each inflation indicator (see Section 3.1.3
for methodology) to minimize the forecasting error. Notably, the optimal window is the
shortest for energy inflation, for which the errors are minimized when the VAR captures
data from the past 7 quarters. This figure is vastly different for core with an optimal window

of 69 quarters and headline with 73. These results are rather intuitive if we consider that,
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as shown in Section 4.1.1, energy inflation is characterized by a much lower persistence,
which means past results carry little information useful for forecasting.

Table 6 presents the mean percentage forecasting errors for each inflation indicator
with expanding and optimized windows. It can be seen that optimizing, as expected, always
leads to more accurate forecasts. This effect is seen, in particular, for core inflation where
the forecast is, on average, wrong by only 7.08 percent of the inflation value in a given
period, while the errors from expanding window estimates are much higher. However,
optimizing does not seem to make an equally significant difference for headline and energy
inflation. This supports our previous suggestion that headline inflation is more difficult to
forecast than its persistent core component, while energy inflation is extremely challenging
to predict and may require much more sophisticated predictive models. Although the
forecasting approach employed in this section is rather simplistic, it provides interesting
economic intuition with regards to the role that the accuracy of a forecast plays in the

perceived price of risk by an investor, which we explore in the subsequent paragraph.

Table 6. Percentage Forecasting Errors for Optimized and Expanding Window VAR Forecasts

Core Energy Headline
Optimized Window 7.08 86.59 14.02
Expanding Window 11.79 86.62 15.89

Note: This table presents mean percentage forecasting errors obtained from the following equation Z, where

¢ is the mean forecasting error and 7 is the mean core, energy or headline inflation accordingly. To permit the
optimal forecasting window, the data used to construct this table spans from Q3 in 1986 to Q2 in 2023, which
applies to all inflation components.

For this purpose, we then run the first and second step regressions using forecasting
errors rather than VAR in-sample errors to calculate asset hedging properties as well as the
price of inflation risk and compare it to the standard approach. To enhance comparability,
we adjust the in-sample Fama-MacBeth to span from 1986 to 2023 specifically for this
section. Notably, our results confirm the findings of Fang et al. (2022), showing that no
asset class has statistically significant hedging properties against core inflation shocks
(see Table 23 in the Appendix) and that the core inflation risk premium is negative, with
both of these findings holding for optimized and expanding window forecasting errors.

Interestingly, the price of core inflation risk falls when we use forecasting errors from the
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optimized window as opposed to the expanding one (see Table 7). This result provides
interesting economic intuition. It appears that investors who are better informed, given the
more accurate inflation forecasts, are willing to pay less to hedge themselves against core
inflation risk. Interestingly, when we use optimized forecasting errors for energy inflation
as opposed to expanding window ones, the coefficient of the price of energy inflation risk
becomes much higher. The headline coefficients remain vastly the same and close to zero
regardless of the method employed, yet notably exhibit statistical significance within this

specific timeframe.

Table 7. Fama-MacBeth Regression Results with Optimized and Expanding Window Forecasting Errors

Optimized Window Expanding Window In-Sample
Headline 1 0.34 0.33 0.36
t-stat 3.70 3.27 3.72
Core 1 -1.02 -1.24 -1.21
t-stat -3.19 -1.89 -3.48
Energy 4 3.79 1.08 1.45
t-stat 1.18 0.61 222
R? 0.09 0.55 0.09 0.38 0.11 0.49

Note: This table presents the price of risk estimated from 35 asset portfolios using optimized window, expanding
window and in-sample inflation shocks in the first step. The second step regression follows a standard Fama-
MacBeth approach with the following specification; E(7;;) = a; +AB; +u;,, where E(r;,) represents the average
annualized excess return of an asset, f; is the asset’s inflation shock beta and 1 is the price of risk. The regression
is run separately for headline and jointly for core and energy inflation shocks. The #-statistics in the table are
adjusted in accordance with White’s approach.

4.2.6 Time-varying Bond-Stock Correlation

As hinted in the literature review, the hedging properties of bonds and stocks against
components of inflation can serve to explain, in part, the correlation of the two asset classes.
The below graph depicts the correlation between market proxies for treasuries and the stock
market estimated using a rolling 8 quarter window, allowing to observe key properties of
that relationship.

Firstly, our analysis confirms prior findings regarding the time variation of the bond-
stock correlation (Ilmanen, 2003). Although the short-term variation in the relationship
is very sensitive to the window chosen to determine correlation, clear long-term trends
are observable in the data. It appears that the bond-stock correlation has, predominantly,

been positive between 1970 and 2000, then switched sign to negative in early 2000s and
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has recently become positive again. Secondly, our analysis shows that the relationship can
change drastically within a short space of time. Such changes could be observed in the late
1980s, late 1990s and around 2022. Lastly, although the correlation varies with time, it

also tends to exhibit long-term trends which can last for decades.

Figure 2. Bond-Stock Correlation Over Time
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Note: This figure plots a simple bond-stock correlation over time using a 8 quarter window. Treasury market

returns are used as bond returns, while the MSCI US is a proxy for the stock market.

In order to draw a link between the bond-stock correlation and inflation shocks, we
calculate the percentage of the covariance explained by core and energy inflation as well as
the mean absolute core inflation shocks and mean inflation level in the periods considered.
The results suggest that in the time periods when bond-stock correlation is predominantly
positive, namely 1970-2000 and the recent period after 2020, core and energy shocks
explain a more significant part of the variation in the relationship, amounting to 37.81
and 59.34 percent respectively. On the contrary, when the bond-stock correlation sign
is negative, core and energy shocks explain less of the correlation, amounting to a more
modest 19.72 percent. Furthermore, the periods of positive correlation are also periods
when core inflation is less predictable, as shown by the mean absolute core inflation shocks,
and more volatile (see Tables 1 and 15). We allude to those key findings below when
discussing how inflation can serve to explain the bond-stock correlation.

From Table 8, we observe a pattern that leads us to conclusions similar to those
presented by Fang et al. (2022). Given bonds and stocks have the same sign of their core
inflation shock betas, when core inflation is a key driver of the bond-stock correlation, its
sign tends to be positive, as the prices of the two asset classes move together in response

to core inflation shocks. Those periods appear to be characterised by high and relatively
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unpredictable core inflation. On the contrary, during phases of stable core inflation, other
factors are at play, causing the sign of the relationship to become negative. Although, in
such instances, core and energy inflation shocks might only explain a relatively modest
percentage of the bond-stock correlation (corresponding to approximately 19.72 percent
between 2000-2019), we contend that understanding inflation hedging properties remains
valuable. In fact, during such periods energy inflation shocks appear to gain importance
relative to core shocks as headline volatility drivers (see Table 16 in the Appendix) and
bonds and stocks exhibit contrary signs to energy shocks. Therefore, we argue that in times
characterised by low and stable core inflation, energy shock exposure contributes to a shift

towards a negative correlation.

Table 8. Percentage of Bond-Stock Correlation Explained by Core and Energy Shocks

1970-1999  2000-2019  2020-2022

% Explained 37.81 19.72 59.34
Mean Absolute Core Shocks 0.33 0.15 0.53
Mean Inflation 5.14 2.16 4.97

Note: This table shows the percentage of the bond-stock covariance explained by core and energy shocks from

. . xpl. itred Y . . .
the following equation Cou?g = Couﬁff / Covif;ﬂp “ (see Section 3.1.2), the mean absolute core inflation shocks

from the VAR specified in Equation 3.1 (see Section 3.1.1) and the mean level inflation.

However, to counter this argument, one may rightfully point out that, as opposed to
the 1970-1999 and 2020-2022 periods where core and energy inflation explain almost
40 percent and 60 percent of the bond-stock correlation respectively, this proportion is
much lower between 2000 and 2019. This suggests that in such periods there may be other
factors at play, besides energy inflation, that significantly explain the bond-stock correlation.
Recently published papers argue one of those factors may be growth uncertainty (Wu et al.,
2021; Brixton et al., 2023), towards which bond and stock returns have opposing signs.
Although this may have be true, we do not test this empirically in our thesis, and hence

suggest for further research to explore this hypothesis.
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Figure 3. Expected vs Unexpected Core Inflation Over Time
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Note: This figure plots expected and unexpected inflation. Expected inflation is defined as the fitted values from
the VAR in Equation 3.1, whereas unexpected inflation represents core inflation shocks from the same equation.
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4.2.7 Discount Rate vs Cash Flow News

In Section 4.2.1, we show that stocks, both US domestic and international, have a
consistently negative exposure to core inflation shocks. In this section, we conduct the
standard Campbell (1991) decomposition of stock returns into the cash flow and discount
rate components and regress them on core and energy inflation shocks with the objective to
shed further light on what drives the negative correlation. This section further contributes
to the discussion of the impact of inflation shocks on expected cash flows and discount
rates.

Table 9 presents the results of our regressions, showing that cash flow news of different
assets exhibits consistently negative and statistically significant exposures to core inflation
shocks across the analysed portfolios. The betas tend to have the highest magnitude, being
the most negative, for portfolios with more cash flows expected into the future, such as
high tech or growth stocks. On the other hand, coefficients closer to zero are seen for value
stocks. Energy shock betas are predominantly positive but very close to zero.

In contrast, regressions using discount rate news present much less conclusive results.
Core shock betas vary significantly across stock portfolios with changing signs. We observe
high positive betas for value stocks and high negative ones for growth and high tech, while
there does not seem to be much variation across geographies where we see marginally
negative values. Consistent with cash flow news, energy shock betas are predominantly

close to zero.
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Our results regarding cash flow news are in line with the research in this area,
conducted for instance by Fang et al. (2022) or Ammer (1994), indicating that positive
unexpected inflation shocks are detrimental to future dividends and corporate profits. The
impact appears more prominent on stocks with cash flows further into the future, such as
growth or high tech portfolios. Being a rather intuitive conclusion, it is also a very well
researched and documented concept, with notable papers exploring different avenues in
which unexpected and expected inflation may impact businesses and the society (Fischer
and Modigliani, 1978). The results from regressions using discount rate news are less
straightforward to interpret. Intuitively, one would expect an upward inflation shock to
cause an increase in future expected stock returns, and hence a strictly and consistently
positive correlation, which are precisely the results reported by Fang et al. (2022). In the
contrary, an earlier study of the subject conducted by Ammer (1994) also yields negative
coefficients, which the author explained with various tax-related hypotheses. Although
puzzling, this discussion is beyond the scope of this thesis and could be explored in further

academic publications.

Table 9. Regression Results of Cash Flow and Discount Rate News on Core and Energy Inflation Shocks

Cash Flow News Discount Rate News
Asset Core 4  r-stat  Energy 8  r-stat Core 4  r-stat  Energy 8  r-stat
Stock Market -395 229 0.17 094 -0.19  -2.29 001 094
World -4.27  -3.46 0.21 1.10 -0.09 -346 0.00 1.10
North America -3.84  -2.30 0.20 1.12 -0.18  -2.30 0.01 1.12
Europe -451  -3.05 0.18  0.86 -026  -3.05 0.01  0.86
Far East -452  -335 0.17  0.99 -035  -3.35 0.01 0.99
Consumer -370 -3.12 -0.17  -2.05 0.90 1.22 -020  -1.71
Manufacturing -3.76  -3.26 0.26 2.80 -047  -1.02 -0.10  -1.52
High Tech -6.96  -4.03 -0.17  -2.14 2262 -2.39 -036  -2.34
Healthcare -3.95 229 0.17 094 -0.19  -2.29 001 094
Other -4.16  -3.27 0.15 1.13 1.26 1.63 -0.03  -0.27
BM1 Growth -6.15  -3.95 -0.13  -1.55 -145  -1.89 -027  -2.25
BM2 -3.57 315 001  0.17 0.18  0.29 -0.13  -1.28
BM3 -337 327 0.10 1.11 -0.21  -0.37 -0.14  -147
BM4 -1.77 0 -1.72 0.33 1.95 203 371 005  0.68
BMS5 Value -2.52 244 0.34 2.86 2.27 3.03 0.01 0.09

Note: This table reports the regression results of the following specification; CF/ DRZ =t Bles + ny,, where
CF/ DRZ , are cash flow or discount rate news backed out of stock returns and ¢, is the error term from the VAR
(see equation 3.1). We run the regressions for core and energy inflation jointly. The #-statistics we report are
adjusted in accordance with the Newey-West methodology.
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Considering the results of our regressions, we conclude that it is predominantly cash
flow news driving the negative core inflation shock betas of stocks. Although the cash
flow effect seems to prevail for some portfolios, it is slightly contained by the negative
coefficients on discount rate news.

4.3 Robustness Checks
4.3.1 Macroeconomic Control Variables

As outlined in the literature review, some research, particularly early work on the subject
such as Fama’s (1981) paper, draw a link between inflation hedging properties of assets
and macroeconomic factors. Hence, in order to test the robustness of the negative core risk
premium we have previously identified, we replicate our prior Fama-MacBeth methodology
including macroeconomic variables in the regressions. We follow the choice of variables
made by Fang et al. (2022), which represent macroeconomic variables commonly used
in the asset pricing literature due to their high explanatory power. Namely, we consider:
PCEDG - personal consumption expenditures, PCE - percentage change in personal
consumption expenditures, INDPRO - industrial production total index, PAYEMS - total
number of employees excluding farm workers and some other employee classifications,
and finally UNRATE - the unemployment rate.

Table 10 presents the results of the Fama-MacBeth regressions. As can be observed,
the negative core inflation shock risk premium remains robust in the presence of common
macroeconomic factors. The energy inflation risk premium proves unstable and insignificant,
which adds to the discussion regarding the unpredictable nature of this inflation component.
For completeness, we further compute the price of risk of the macroeconomic variables we
consider. However, given it is not directly linked to our thesis, we do not explore it further

in this analysis.
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Table 10. Fama-MacBeth Regression Results Including Macroeconomic Control Variables

PCEDG PCE INDPRO PAYEMS UNRATE
Core 1 -1.25 -1.12 -1.33 -1.27 -1.32
¢-stat -5.45 -4.57 -4.56 -7.41 -7.55
Energy 4 -2.11 -3.01 -0.03 0.17 0.37
¢-stat -0.81 -0.70 -0.01 0.07 0.16
Macro 1 3.79 0.14 -0.96 -1.08 9.92
¢-stat 1.73 0.24 -0.41 -1.38 0.62
R? 0.62 0.58 0.57 0.60 0.60

Note: This table presents the price of risk estimated from 35 asset portfolios with added macroeconomic vari-
ables, using the standard Fama-MacBeth approach with the following specification; E(r;;) = a; + A8; + s,
where E(r;,) represents the average annualized excess returns of an asset, 4; is the asset’s exposure to the corre-
sponding risk factor and 1 is the price of risk. The regression is run jointly for core and energy inflation shocks
as well as each respective macroeconomic factor. The z-statistics in the table are adjusted in accordance with
White’s approach.

4.3.2 Expected vs Unexpected Inflation Hedging

Much of the early research on inflation hedging properties of asset classes was done using
expected inflation (Miller et al., 1976; Solnik, 1983). Although future expected inflation
should already be priced into liquid assets in efficient markets (Bekaert and Wang, 2010),
one could argue that investors are only concerned with hedging their portfolios against
the actual reported level inflation which is easily observable, rather than worrying about
its unexpected component. Therefore, in order to test the robustness of our results, we
consider the hedging properties of asset classes against level inflation as well as its expected
and unexpected components. The results of this analysis are displayed in Tables 11 and 12,
which we discuss below.

Firstly, we see that when we decompose inflation into expected and unexpected
components and run the regressions jointly, the coefficients we obtain for inflation surprises
are similar to the previously presented results and bear the same conclusion, namely that
no conventional asset class can hedge investors against core inflation shocks. This suggests
the hedging properties we previously discussed in the thesis are robust whether or not we
consider expected inflation.

Secondly, we see that, in general, betas on the expected components of core and
headline inflation are negative, with some of the coefficients being statistically significant.
This proves interesting in light of an argument presented by Fang et al. (2022), according

to which a beta of zero on expected inflation indicates that an asset hedges against expected
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inflation as well as a risk-free rate. This would imply that most asset classes provide a
worse hedge against expected inflation levels than the risk free rate, in theory, should.
Lastly, the findings affirm the varying betas for level, expected, and unexpected
inflation, giving proof that hedging inflation shocks poses peculiar challenges to investors,
hence substantiating our approach of isolating inflation shocks. Nevertheless, regardless
of whether we consider level, expected or unexpected core inflation, the key conclusion
remains the same, namely that no asset can hedge investors against this persistent inflation

component.

Table 11. Hedging Properties of Asset Classes Against Level, Expected and Unexpected Headline Inflation

Asset Headline  z-stat Headline Exp.  #-stat  Headline Shock  #-stat
Stock -1.34 -1.23 -1.82 -1.67 -0.96  -0.58
Treasury -1.55  -6.02 -0.50  -1.80 -240 -6.85
Agency -1.12° -6.95 -1.80  -3.24 -1.06  -4.90
Corporate -1.02  -2.11 -446  -7.20 -0.69  -2.69
Currency 0.69 1.68 -1.72 -1.86 0.82  2.64
Commodity 474 263 042 035 819 498
REIT 1.71 0.56 -5.06  -1.52 2.67 1.00
Int. Stock -0.94  -0.86 -144  -125 -0.54  -0.32

Note: This table reports the regression results for level, expected and unexpected headline inflation (see Equa-
tions 3.9 and 3.10 for methodology). The z-statistics we report are adjusted in accordance with the Newey-West
methodology.

Table 12. Hedging Properties of Asset Classes Against Level, Expected and Unexpected Core and Energy
Inflation

Asset Core  r-stat  Energy s-stat Core Exp. z-stat  Core Shock  s-stat  Energy Shock  z-stat
Stock -243 254 0.12  0.70 -1.37  -1.29 -4.10  -2.56 0.17  0.99
Treasury -0.73  -2.53 -022 -4.20 -0.36  -1.09 -1.92 236 -021  -3.98
Agency -0.88  -1.37 -0.10  -3.89 -2.40  -2.70 -0.48  -1.20 -0.11  -4.31
Corporate -2.40  -1.54 -0.04  -0.95 -1.83  -0.49 -0.90  -1.20 -0.75  -0.70
Currency -0.37  -0.43 0.11 2.25 -1.65  -1.34 -0.63  -0.71 0.12 242
Commodity -1.03  -0.98 1.14 625 0.12  0.10 -041  -0.21 1.15 6.11
REIT -4.05  -1.38 0.35 1.19 -495  -1.34 -2.68  -0.69 0.35 1.07
Int. Stock -2.38  -2.55 0.15  0.80 -1.04  -0.90 -4.48  -3.68 0.21 1.12

Note: This table reports the regression results for level, expected and unexpected core and energy inflation run
jointly (see Equations 3.9 and 3.10 for methodology). We do not include expected energy inflation given the
high volatility of that component, making it extremely difficult to determine its expected levels. The z-statistics
we report are adjusted in accordance with the Newey-West methodology.

4.3.3 Survey of Professional Forecasters

In order to further test the robustness of our results, we replicate our prior regressions using

an alternative measure of inflation, the Survey of Professional Forecasters (SPF), a measure



EMPIRICAL FINDINGS AND DISCUSSION 45

compiled by the Philadelphia FED with the intention to provide reliable macroeconomic
forecasts. Although the time period covered by this data differs from our main analysis, as
the time period spans from 1981 to 2023, it nevertheless leads to the same key conclusions.

Firstly, considering the hedging properties of different asset classes against core
inflation shocks, none of the market portfolios considered can provide a hedge against core
innovations, as they either yield negative coefficients or exhibit positive ones, which lack

statistical significance.

Table 13. Hedging Properties of Asset Classes Using Inflation Forecasts from the Survey of Professional
Forecasters

Asset Class ~ Mean S.D. HeadlineZ #stat Core r-stat Energy8 t-stat

Stock 9.07 1648 0.86 0.90 -0.00  -0.00 0.15 0.83
Treasury 3.27 7.18 -1.66  -5.67 -0.89  -1.80 -021  -4.43
Agency 1.93 3.45 -0.60  -2.82 0.05 0.18 -0.11  -4.03
Corporate 3.19 5.93 0.06 0.29 0.80 1.57 -0.07  -1.62
Currency 1.53 6.88 0.83 3.64 0.51 1.32 0.11 2.16
Commodity 3.13 2338 6.75 6.66 0.58 0.55 1.28 7.47
REIT 6.62 19.74 1.62 1.15 -0.84  -0.56 0.34 1.03
Int Stock 6.39 18.87 0.94 0.82 0.11 0.10 0.18 0.87

Note: This table reports the regression results of the following specification; r‘:’ = a; + Ble, + u;y, where r‘"
are excess asset returns and ¢;, is the error term from the SPF (see Section 3. 1 4 for methodology). We run
a univariate regression for headline shocks, while for core and energy inflation shocks we run the regression
jointly. The #-statistics we report are adjusted in accordance with the Newey-West methodology. All mean
returns and standard deviations reported are annualized.

Additionally, we run a Fama-MacBeth regression using the data from the survey to
determine whether the price of core inflation risk remains negative. As seen in Table 14,
the negative core inflation risk premium remains robust when we use shocks derived from
survey data. Moreover, both the price of headline and energy inflation risk remain positive,
with energy showing a A of a higher magnitude. Furthermore, the R? of the regression
is substantially lower than when we consider VAR errors, indicating that deriving the
price of inflation risk via the SPF provides a relatively worse fit. Nevertheless, the results

confirm the main findings of our thesis regarding both the hedging properties of asset

classes against core inflation shocks and the price of core inflation risk.
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Table 14. Fama-MacBeth Results Using Inflation Forecasts from the Survery of Professional Forecasters

35 Asset Portfolios

Headline 0.24

t-stat 0.85

Core -2.11
t-stat -3.26
Energy 3.34
t-stat 1.59
R? 0.02 0.27

Note: This table presents the price of risk estimated from 35 asset portfolios, using the standard Fama-MacBeth
approach with the following specification; E(r;;) = a;+Af;+u;,, where E(r;,) represents the average annualized
return of an asset, &; is the asset’s survey inflation shock beta and 1 is the price of risk. The regression is run
separately for headline and jointly for core and energy inflation shocks. The #-statistics in the table are adjusted
in accordance with White’s’s approach.

4.4 Limitations

Although our intention in this analysis is to make it as consistent and inclusive as possible,
there are some compromises we make with regards to data availability and methodology
we use. First of all, to measure the true price of inflation risks it would be necessary to
include all relevant and non-traded assets and value-weight them according to their market
value. Our selection of securities includes a broad range of assets and trading strategies,
however excludes some assets due to the lack of availability, and we do not value-weight
them. Additionally, some indexes we use might not capture the underlying assets or trading
strategies to the full extent and may also involve fees, potentially distorting the inflation
exposures and prices of risk to some degree. Secondly, the availability of the assets under
consideration varies, which might, particularly in the first subsample period, lead to some
biases in the inflation betas since asset’s exposures to inflation shocks are not constant over
time as shown in our analysis.

Thirdly, for the latest subsample period we use a relatively short window and therefore
employ a VAR on a monthly basis to derive inflation innovations and lag core inflation
shocks by one month as previously outlined. Hence, the methodology differs to some
degree when comparing it to the methodology we use for the whole sample period and
the first two subsample periods. Although we show the consistency of the results when
comparing quarterly with monthly VAR for price of inflation risk over the full sample
period, this might nevertheless lead to small discrepancies in the results for the 2020-2023

period.



EMPIRICAL FINDINGS AND DISCUSSION 47

Furthermore, while using a commonly recognized approach to forecast inflation,
this approach may not reflect the true, unobservable, inflation expectations of the market,
possibly causing a bias to the inflation shocks in our analysis. Also, even though we show
that core inflation risk is still prevalent when optimizing an out-of-sample forecasting
model, there are more sophisticated inflation forecasting models, which could further
reduce the price of inflation risk.

Finally, the most recent subsample presents a very particular inflation environment,
with an energy demand shock and quantitative easing in the beginning, supply-chain
disruptions as well as fiscal stimulus in the middle, and an energy supply shock and
quantitative tightening in the end. This means we can not conclude decisively whether this
has marked a structural shift as it was at the turn of the millenium, and the findings for the
latest subsample may not be directly transferable to future periods with high inflation.

While all our limitations offer room for further research in the respective area, we
see potential for such particularly with regards to active trading strategies as there is little
evidence to explain why some of them can outperform others in inflationary environments.
Overall, there is also limited research on the causality between inflation shocks and asset

returns as well as about the economic drivers of different inflation hedging properties.



5. Conclusion

This thesis adds to the discussion on hedging properties of different asset classes against
inflation shocks and provides novel insights from the recent inflation surge. We show that
no asset class can provide a statistically significant hedge against core inflation shocks
throughout any sample period examined individually or the entire timeframe. Furthermore,
core inflation risk carries a negative risk premium, consistent across time periods, referred
to in this thesis as the price of inflation risk. Intuitively, these findings suggest investors
are willing to pay to hedge themselves against inflation risk derived from its persistent
core component. With regards to energy and headline inflation, we find that they follow a
similar pattern carrying insignificant risk premia, with some assets, namely currencies and
commodities, displaying hedging properties against inflation innovations.

When examining alternative assets, we come to a similar conclusion, namely that
no alternative asset can provide a statistically significant hedge against core inflation
innovations in the time period spanning from 2020 to 2023. However, although alternative
assets as a whole, consistent with conventional assets, show a negative core risk premium,
when we isolate active funds and Fama-French risk factors we find that the price of risk
turns positive. This leads us to the conclusion that the inclusion of some active trading
strategies into portfolios of conventional assets may lead to the reduction of the price of
core inflation risk.

In a subsequent analysis, we find that the price of core inflation risk remains consistent
even when we consider an alternative approach to compiling the risk premium, using
observable forecast errors as shocks rather than VAR residuals. This analysis also shows
an interesting dynamic indicating that better informed investors, equipped with a more
accurate forecast, would be willing to pay less to hedge themselves from core inflation risk.

Lastly, our analysis of the bond-stock correlation confirms its time-varying charac-
teristics and shows that the relationship has recently become positive again. When we
then consider this vital relationship through the lens of inflation, we find that core and
energy inflation shocks can explain a significant portion of the correlation, particularly in

the recent inflationary period.
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Appendix

Table 15. Additional Inflation Summary Statistics

1968-1999 2000-2019

A. Summary Statistics

Mean SD Autocorr Mean SD Autocorr
Headline 5.15 1.64 0.75 2.16 1.33 -0.04
Core 5.20 1.45 0.71 2.01 0.33 0.35
Food 4.96 222 0.43 2.28 0.91 0.46
Energy 523 6.86 0.36 4.37 13.50 -0.10
B. Headline Composition

B s.e. B s.e.
Core 0.70 0.02 0.92 0.07
Food 0.22 0.01 0.15 0.03
Energy 0.09 0.00 0.09 0.00
C. Correlation Matrix
Headline Core Food Energy Headline Core Food Energy

Headline 1.00 1.00
Core 0.88 1.00 0.33 1.00
Food 0.64 0.40 1.00 0.19 0.10 1.00
Energy 0.68 0.39 0.28 1.00 0.95 0.10 0.08 1.00

Note: This table provides summary statistics for headline, core, food end energy inflation components. Panel A
presents summary statistics for each inflation component, including their mean, standard deviation and autocor-
relation. All the values are annualized. Panel B reports the regression results of headline inflation on core, food
and energy inflation. Panel C reports the correlation matrix.
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Table 16. Headline Inflation Shock Decomposition for All Periods

A. Full Sample

Energy coefficient 0.10 0.10 0.09
Food coefficient 0.31 0.27 0.20
Core coefficient 0.96 0.72
R? 0.64 0.16 0.40 0.75 0.96
B. 1968-1999

Energy coefficient 0.11 0.10 0.09
Food coefficient 0.30 0.27 0.21
Core coefficient 0.87 0.70
R? 0.37 0.28 0.57 0.60 0.95
C. 2000-2019

Energy coefficient 0.10 0.10 0.09
Food coefficient 0.52 0.18 0.19
Core coefficient 1.61 0.89
R? 091 0.08 0.21 0.92 0.98
D. 2020-2023

Energy coefficient 0.10 0.10 0.08
Food coefficient 0.13 0.12 0.16
Core coefficient 1.06 0.79
R? 0.67 0.01 0.66 0.68 1.00

Note: This table decomposes headline inflation shocks into core, energy, and food inflation shocks, using
regression models with varying combinations of explanatory variables. We do this for the full sample period, a
period from 1968-1999, one from 2000-2019, as well as one from 2020-2023.
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Table 17. Asset Return Exposure to Monthly Inflation Shocks Using Varying Lags

Headline 8 ¢-stat Core 8  ¢-stat  Energy 8  r-stat

A. All Inflation Shocks Lagged

Stock -1.06  -1.75 -340 -2.50 -0.07  -1.10
Treasury -0.81  -2.04 -0.68  -1.19 -0.07  -1.68
Agency -047  -1.42 -032 -0.69 -0.03  -1.00
Corporate -0.71  -2.61 -098  -0.97 -0.05 -1.64
Currency -0.17  -0.55 1.10 1.44 -0.05  -2.00
Commodity 0.68 0.53 1.18  0.75 0.01 0.03
REIT -123 -1.30 -2.17  -0.94 -0.09  -0.85
Int Stock -2.04 321 -3.04  -2.40 -0.19  -2.99

B. Core Inflation Shocks Lagged

Stock -0.73  -0.73 -345 271 0.07  0.87
Treasury -1.63 -394 -0.71  -1.29 -0.17  -4.07
Agency -0.77  -3.46 -025  -0.59 -0.06  -3.10
Corporate -0.33  -0.94 -1.01  -0.95 -0.03  -0.94
Currency 0.99 2.28 0.95 1.18 0.11 3.15
Commodity 524 3.28 1.13  0.69 0.75 4.99
REIT 149  0.82 245 -1.27 0.15 1.16
Int Stock 0.38 0.36 -3.17  -2.53 0.17 1.68

C. No Inflation Shocks Lagged

Stock -0.73  -0.73 -1.88  -2.19 0.08 0.92
Treasury -1.63 -394 -1.11 221 -0.17  -3.96
Agency -0.77  -3.46 -0.70  -1.39 -0.06  -3.04
Corporate -0.33  -0.94 -0.55  -0.43 -0.03  -1.09
Currency 0.99 2.28 -0.53  -0.69 0.11 3.21
Commodity 5.24 3.28 -0.25  -0.17 0.75 4.99
REIT 1.49 0.82 -0.68  -0.25 0.15 1.12
Int Stock 0.38 0.36 -1.55  -1.52 0.17 1.69

Note: This table reports the regression results of the following specification; rf =it Ble; + us,, where V'Z , are
excess asset returns and ¢, is the error term from the VAR (see Equation 3.1). We run a univariate regression
for headline shocks, while for core and energy inflation shocks we run the regression jointly. The z-statistics we
report are adjusted in accordance with the Newey-West methodology. All mean returns and standard deviations
reported are annualized. We report the results for the full sample period differentiating between all inflation
shocks lagged, only core inflation shocks lagged and no inflation shocks lagged.
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Table 18. Monthly Fama-MacBeth Regression Results Using Varying Lags
All Lagged Core Lagged None Lagged

Headline 1 -1.03 0.14 0.14
t-stat -2.24 0.51 0.51
Core 1 -1.05 -1.09 -0.97
t-stat -3.07 -5.39 -1.90
Energy 4 6.38 3.68 6.42
t-stat 0.89 3.74 2.90
R? 0.09 0.37 0.02 0.52 0.02 0.21

Note: This table presents the price of risk estimated from the 35 test assets, using the standard Fama-MacBeth
approach with the following specification; £ (r;;) = a;+Af;+u;:, where E(r;;) represents the average annualized
return of an asset, 4; is the asset’s inflation shock beta and 1 is the price of risk. The regression is run separately
for headline and jointly for core and energy inflation shocks on a monthly basis for the full sample period. This
table compares the regression results when lagging all inflation shocks by one month vs when lagging core
inflation by one month vs when not lagging it for the full sample period. The z-statistics in the table are adjusted
in accordance with White’s approach.



APPENDIX 58

Figure 4. Betas vs Inflation Levels Over Time

Headline Core Energy

‘G_,
wn
S
2 = v
1]
o]
o o
R T T T T T o T T T T T T T T T T
1950 1990 2000 2010 2020 1980 1990 2000 2010 2020 1950 1990 2000 2010 2020
o o
8 8

W“WW

Treasuries
b

=1 =1
=1 &

1980 1990 2000 2010 2020 1980 1990 2000 2070 2020 1980 1990 2000 2010 2020
o] o
8 &
o o

10
L
10
I

Agency Bonds
5
5
1

B e B ot S 1

94 e

24 =s

‘ 2005 2010 2015 2020 ‘ 2005 2010 2015 2020 2005 2010 2015 2020
& &

W n/| w_

oo o

=

o o o

Se e

2 0]

[

<3 Pvay

1. =i - 4 .

8 of e =

8 o e

2] 2]

2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
Beta
Inflation

Note: These graphs depict the time series of betas and headline, core and energy level inflation over time. The
betas are compiled using a rolling 5 year estimation window.
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Figure 5. Betas vs Inflation Levels Over Time - Continued
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Note: These graphs depict the time series of betas and headline, core and energy level inflation over time. The
betas are compiled using a rolling 5 year estimation window.
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Table 19. Sensitivities of Inflation Shock Betas to the Level and Volatility of Inflation

Headline  s-stat Core  r-stat  Energy  z-stat

A. Sensitivity of Betas to Changes in Inflation Level

Stocks -0.00 -0.15 -0.00 -0.53 -0.00 -0.58
Treasuries -0.00 -1.06 0.00 0.76 -0.00  -0.55
Agency Bonds 0.01 0.92 -0.06 -1.57 0.00 2.78
Corporate Bonds -0.02  -1.75 0.22 1.11 0.00 0.67
Currencies -0.00 -0.06 0.07 1.33 -0.00 -6.36
Commodities 0.00 1.50 -0.00 -0.03 0.00 0.31
REITs -0.23  -3.40 -0.00  -0.02 -0.00 -4.49
International Stocks -0.00 -1.93 0.00 0.53 -0.00 -2.74

B. Sensitivity of Betas to Changes in Inflation Volatility

Stocks 1.39 0.47 -7.62  -0.82 0.00 0.03
Treasuries -1.68  -2.95 1.38 0.66 -0.03  -3.76
Agency Bonds -1.07  -8.04 2.13 343 -0.01  -7.27
Corporate Bonds -1.53  -3.48 -830 -1.06 -0.01  -3.65
Currencies 0.74 0.82 -5.37  -1.30 0.00 0.57
Commodities 3.51 1.78 =323 -042 0.07 1.86
REITs 8.91 1.79 -11.54 -0.72 0.07 1.33
International Stocks -0.72  -0.24 -7.11  -0.88 -0.04  -0.86

Note: This table presents the sensitivities of betas to changes in the level and volatility of inflation, with both
sensitivities and changes being derived from the rolling-window regressions as described in Section 3.1.2. Re-
spective betas are run on changes in the level and volatility of inflation jointly.
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Table 20. Full Set of Conventional Assets - Return Exposure to Inflation Risks

Mean S.D. Headlinef f-stat Coref8 -stat Energy 8  s-stat

Consumer 1391 2196 -029  -0.06 -444  -1.34 0.12 0.32
Manufacturing 11.73 2244 2.85 0.66 -7.68  -2.76 0.45 1.11
High Tech 18.10  23.12 -0.23  -0.06 -5.61  -1.54 0.15 0.59
Health 755 1647 0.00 1.10 0.00 2.89 -0.00  -0.05
Others 9.80 23.59 -0.03  -0.88 -0.01  -0.89 -0.00 -0.89
Treasury 1-year -0.44 0.87 -029 220 -0.12 -1.39 -0.02  -1.87
Treasury 3-year -1.00 1.87 -0.65 -3.23 -0.27  -1.46 -0.05  -2.19
Treasury 5-year -2.38 4.89 -1.63  -3.68 0.27 0.41 -0.14  -3.85
Treasury 7-year -2.83 6.60 -2.04  -3.38 0.82 0.81 -0.19  -3.63
Treasury 10-year -4.06 8.33 -2.33 282 1.19 081 -023 299
Treasury 20-year -6.95 1295 -3.23 229 1.21 0.57 -0.34 -243
Treasury 30-year -8.11  17.46 -3.74  -1.82 236  0.84 -0.44  -2.08
Agency 1-5 years -1.61 2.24 -0.58  -5.25 -0.24  -1.34 -0.04 423
Agency 5-10 years -2.64 5.73 -140  -3.36 032 047 -0.13  -5.44
Agency 10-15 years -3.72 8.51 -1.67  -2.48 0.15 0.09 -0.15  -2.82
Agency >15 -5.17  11.70 -1.72 -2.00 1.04 0.46 -0.18  -2.97
Corporate 1-3 year -0.61 2.93 -0.15  -1.25 -1.35  -2.81 -0.01  -0.22
Corporate 3-5 year -0.91 5.61 -0.25 -0.28 -2.03  -2.44 -0.01  -0.13
Corporate 10-15 year -1.79 8.89 -0.26  -0.20 -232 -1.90 -0.00  -0.02
Carry-1 -0.91 4.02 0.66 1.59 0.03 0.04 0.03 0.77
Carry-2 -1.43 5.71 1.60 2.28 0.51 0.73 0.10 1.79
Carry-3 -0.24 4.74 1.18 1.87 -034  -0.71 0.10 1.46
Carry-4 -1.11 3.90 0.97 2.13 -0.76  -1.21 0.09 1.84
Carry-5 -0.49 3.87 0.82 1.73 -0.95  -0.90 0.05 1.03
Carry-6 -0.22 5.24 1.97 2.08 -094  -0.74 0.18 1.97
Dollar-Carry 0.74 4.04 -0.02  -0.21 -0.18  -1.17 0.00  0.17
Livestock -0.87  15.19 2.39 0.67 1.05 0.53 0.37 1.19
Agriculture 14.03  16.60 3.50 1.31 -2.30  -0.69 0.29 1.14
Industrial Metal 8.85 2143 4.27 1.25 -6.51  -2.06 0.46 1.79
Precious Metal 544 14.11 0.20 0.16 -0.05  -0.05 -0.05  -1.98
Energy 18.53  46.61 23.00 202 -1493 -1.62 2.18 2.17
North America 12.73  20.34 1.41 0.38 -5.28 -1.74 0.29 1.06
Europe 733 21.11 2.99 0.81 -5.50  -1.79 0.43 1.41
Far East 3.02 16.38 -0.37  -0.17 -6.64 -2.84 0.19 1.17

Note: This table reports the regression results of the following specification; r;, = a; + Ble; + ny;, where ri, are
excess asset returns and ¢;, is the error term from the VAR (see Equation 3.1). The time period considered spans
from the beginning of 2020 to mid-2023. We run a univariate regression for headline shocks, while for core and
energy inflation shocks we run the regression jointly. The #-statistics we report are adjusted in accordance with
the Newey-West methodology. All mean returns and standard deviations reported are annualized.
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Table 21. Expanded Asset Universe - Return Exposure to Inflation Risks

Mean S.D. Headlinef f-stat Coref8 -stat Energy 8  s-stat
Equity L/S 3.99  10.66 1.90 1.04 -494 258 0.27 1.64
Equity Hedge 438 1237 209 097 -535  -243 0.30 1.59
Equity Hedge Multi -0.35  11.52 1.68 0.71 -4.12 -2.19 0.26 1.22
Equity Long Biased 6.54 1658 2.55 0.91 -6.48  -2.25 0.37 1.55
Equity Long Only 9.01 1843 2.28 0.69 -6.98  -2.25 0.38 1.33
PE index 11.85 3035 416 067 -10.00 -2.11 0.59 1.18
Bitcoin 89.61 75.64 -4.17  -031 -40.12  -298 1.09  0.74
1Q Mrkt NTRL Beta -3.18 5.56 -0.76  -0.50 -1.86 -1.47 -0.01  -0.11
IQ MA -2.77 6.71 0.18 0.16 -123 -1.72 0.01 0.11
Blackrock Event driven ~ -0.79 5.54 076 0.99 -2.38  -2.06 0.09 1.19
PIMCO 1-5 -2.21 4.47 -0.37  -0.48 -0.74  -0.99 0.00  0.03
PIMCO +15 -5.53 1646 -3.89  -1.54 0.07  0.02 -029  -2.19
CTAs 6.36 4.83 1.33 1.45 -049  -0.66 0.13 1.70
SMB =277 10.75 1.68 1.25 -5.60 -3.53 0.31 2.15
HML -1.78  17.76 4.18 2.04 -0.18  -0.04 0.36 1.42
RMW 7.16 7.74 -0.74  -1.09 3.50 1.84 -0.10  -1.93
CMA 5.19 1232 2.06 1.54 132 0.56 0.17 1.11
MOM 325 1376 0.66  0.32 176 0.76 -0.08  -0.39

Note: This table reports the regression results of the following specification; rj St Ble; + ny;, where ’f , are
excess asset returns and ¢;, is the error term from the VAR (see Equation 3.1). The time period considered spans
from the beginning of 2020 to mid-2023. We run a univariate regression for headline shocks, while for core and
energy inflation shocks we run the regression jointly. The #-statistics we report are adjusted in accordance with
the Newey-West methodology. All mean returns and standard deviations reported are annualized.
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Table 22. Fama-MacBeth Regression Results for Alternative Assets, Active Funds and Fama-French Risk Factors

Alternative Assets

Active Funds

Fama-French Risk Factors

Headline 1
£-stat

Core 1
z-stat
Energy 4
z-stat

R? 0.28

-13.50
-0.04
-2.18
5.35

1.00

3.36
8.04
1.31
0.34
43.55
0.80
0.79 0.82

-1.65
-2.84
0.68
0.31
-8.64
-0.39
0.48 0.82

Note: This table presents the price of risk estimated from alternative portolios and Fama-French risk factors,
using the standard Fama-MacBeth approach with the following specification; E(r;;) = a; + A8; + u;;, Where
E(r;;) represents the average annualized return of an asset, 4; is the asset’s inflation shock beta from Tables 20
and 21 and 21 is the price of risk. The regression is run separately for headline and jointly for core and energy
inflation shocks. The #-statistics in the table are adjusted in accordance with White’s approach.
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Table 23. Asset Return Exposure to Inflation Shocks Using Out-of-Sample Forecasting

Mean S.D. Headlinef f-stat Coref8 -stat Energy 8  s-stat

A. Optimized Window

Stock 8.87 16.53 -045  -0.14 -2.50  -0.87 0.23 1.31
Treasury 2.50 6.59 -1.83  -4.62 -0.54  -0.55 -0.22  -4.01
Agency 1.93 3.45 -0.96  -4.60 -049  -0.83 -0.11  -4.01
Corporate 3.19 5.93 -0.72 -1.68 -1.75 -1.13 -0.04  -0.85
Currency 1.49 6.58 0.81 2.37 -0.71  -0.99 0.14 2.88
Commodity 420 2453 10.87 8.93 263 0.76 134 7.82
REIT 6.62 19.74 2.41 0.81 -3.00 -0.86 0.34 1.13
Int Stock 548 1854 082 043 -453  -2.05 0.27 1.38

B. Expanding Window

Stock 8.87 16.53 1.11 0.66 -1.83  -0.81 0.18 1.00
Treasury 2.50 6.59 -1.97  -4.62 -0.07  -0.11 -0.22  -4.06
Agency 1.93 3.45 -096  -4.35 0.09 032 -0.11  -3.67
Corporate 3.19 5.93 -0.56  -1.84 -028  -0.32 -0.05 -1.13
Currency 1.49 6.58 0.88 2.63 -0.73  -1.01 0.13 2.69
Commodity 420 2453 11.24 8.95 -1.10  -0.39 134 724
REIT 6.62 19.74 2.74 1.15 -1.67  -0.57 0.35 1.13
Int Stock 548 1854 1.21 0.70 -340  -1.64 0.26 1.38

Note: This table reports the regression results of the following specification; rf =t Ble + n;,, where rf .
are excess asset returns and ¢;, is the forecasting error. We run a univariate regression for headline shocks,
while for core and energy inflation shocks we run the regression jointly. The time period considered for this
analysis spans from 1986 until 2023. The z-statistics we report are adjusted in accordance with the Newey-West
methodology. All mean returns and standard deviations reported are annualized.



