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Abstract

This thesis aims to highlight the importance of inflation expectations from a
macroeconomic and financial markets perspective, focusing on the Eurozone area. After
almost a decade characterized by low inflation, the COVID-19 pandemic in 2020 and
Russia’s invasion of Ukraine in 2022 contributed to a global rise in the inflation level.
These events produced an impact on the estimation of inflation expectations. The first
part of this research is focused on explaining the importance of inflation expectations in
the framework of monetary policy, discussing the introduction and impact of inflation
targeting as a monetary policy rule. The second part is centered on financial markets
and market-based inflation expectations, derived from inflation-linked bonds and
inflation swaps. Lastly, an empirical analysis of inflation-linked bonds and breakeven
rates is carried out to test the so-defined “expectations hypothesis” on German and
Italian government bonds. The expectation hypothesis states that the excess return of
long-term bonds over comparable short-term ones should be constant over time. The
research strongly rejects the expectation hypothesis applied to the two countries both
at nominal and real level. The same result is achieved when the expectation hypothesis
is tested jointly on the breakeven rate, that is, the spread between a nominal bond yield

and a comparable inflation-linked real yield.
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Introduction

There is a quote from the acclaimed and world-renowned American writer Ernest
Hemingway that struck me for the expressive strength of its words ever since |

developed an interest in the topic of inflation:

“The first panacea for a mismanaged nation is inflation of the currency; the second is
war. Both bring a temporary prosperity; both bring a permanent ruin. But both are the

refuge of political and economic opportunists.” 1

In the journal in which the quote is taken the author was discussing the worrisome
plausibility of an incoming war that would eventually engulf Europe and, along with the
Old Continent, the entire world. As a profound and sharp observer of society and being
afflicted by the atrocities that he witnessed during World War |, he was rightfully
skeptical about the direction of global politics in the 1930s. In a sense, comparing
inflation, defined as an increase in the price level of goods and services, with war, is
more accurate than it might seem. One of the most recurrent causes of inflation was the
increase in the money printing activity led by national governments during a crisis, such
as, during or after a war.

Another interpretation of this menacing, but fascinating, quote is the memento
mori hidden in the words of The Old Man and the Sea’s author. We, as humans, have
the power with our own actions and beliefs to make things happen. If everyone believes
that a war is about to begin, and starts behaving in this sense, the likeability of a war to
eventually start rises dramatically. This concept is known as self-fulfilling prophecy.
Inflation is, in a way, very similar: inflation expectations are among the most important
factors that influence the current and future pattern of the actual level of inflation.
Inflation expectations are a recurring topic that affects not just financial markets and
investors, but entire countries. Therefore, the scope of the following thesis is to discuss

the relevance of inflation expectations from different perspectives.

L Ernest Hemingway, “Notes on the Next War”, Esquire: September 1935



The first section comprises Chapters | — Ill and analyzes the purpose, the main
features and the empirical effects of inflation targeting. Chapter | presents a simple yet
comprehensive introduction on inflation, explaining what inflation is, how it is measured
and how it affects an economy. Chapter Il discusses the role of central banks in monetary
policy, what causes inflation and why a growing number of countries adopted inflation
targeting as their main monetary policy rule. As a conclusion on this first part, Chapter
Il introduces the expectations topic in the context of inflation, wrapping up the impact
of inflation targeting on inflation expectations.

The second section is represented by Chapter IV and shifts the background of the
discussion from monetary policy to financial markets. This section initially argues the
difference between nominal and real rates and explains the famous “Fisher hypothesis”.
After this introduction, Chapter IV shed light on the most traded inflation-linked security
and inflation-linked derivative, respectively, inflation-linked bonds (ILBs) and zero-
coupon inflation swaps (ZCISs). For both instruments, keen attention is dedicated to
how to obtain and analyze the embedded inflation expectations in their rates. For the
ILBs, this concept is known as the “breakeven inflation rate”, that is, the difference
between a nominal and a comparable real bond yield. On the other hand, the “swap
rate” is the expectation component of ZCIS, being the fixed stream of payments that
equalizes the present value of the inflation lag.

The last part of the thesis is Chapter V, in which an empirical test of the
“expectation hypothesis” on German and Italian government bonds is conducted. The
idea behind this hypothesis is that the excess return of long-term bonds over short-term
ones should be, theoretically, constant over time, or non-time-varying. Rejecting the
hypothesis implies the presence of risk premia asked by investors, and that these premia
are subject to variations. This result is coherent with the discussion of the impact of
inflation expectations and monetary policy targets on the level of inflation observed in

the financial markets.



Chapter |: An Overview of Inflation

1.1 A brief introduction to inflation

The year 2021 marked the resurgence of a looming economic threat: untamed inflation.
The aggregate level of inflation in the Eurozone reached the highest level to be ever
registered after the introduction of the Euro, which is a remarkable 10.8% in October
2022, forcing the European Central Bank (ECB) to increase interest rates with an
unprecedented speed. Undoubtedly, the beginning of the third decade of the new
millennium will be remembered for the return of inflation, altering the way financial
markets and their participants trade and hedge under this scenario. The focus of this
Chapter is to shed light on the definition of inflation and provide a simple overview of
the major burdens caused by it.

Inflation is, as simple as it can be said, the reduction in the purchasing power of
money and the rise in the general level of prices. These two events, entangled yet
distinguished, cannot be separated or treated separately: if yesterday you could buy a 1
chair for 10 amount of currency (let’s say, EUR) and today the same shop offers the same
chair for 11 EUR, the price increased by 1 EUR, or, more specifically, by 10%. This means
that the purchasing power of the euro in terms of that specific chair reduced, and, at
the same time, the price has risen. The term “inflation” refers to the act of prices to
inflate or grow. However, it is the reduction of purchasing power that represents the
macroeconomic cataclysm that may lead to economic and political turmoil. As better
stated by one of the most famous economists of the previous century, Keynes, inflation
is “the process of continuously rising prices, or equivalently, of a continuously falling
value of money”?. A more recent definition can be found on the European Central Bank’s
website, “Inflation occurs when there is a broad increase in the prices of goods and
services, not just of individual items; it means, you can buy less for €1 today than you

could yesterday. In other words, inflation reduces the value of the currency over time™”3.

2 J.M. Keynes, “The General Theory of Employment, Interest, and Money," 1936
3 Link: https://www.ecb.europa.eu/ecb/educational/explainers/tell-me-
more/html/what_is_inflation.en.html



Taking a financial perspective, according to Fisher (1930), the nominal rate of return is,
approximately, equal to the real rate of return plus the inflation rate. This topic will be
discussed in the following Chapters, but it’s important to make a clear distinction
between nominal and real returns, that is to say, without inflation.

One of the first reported cases of inflation in modern history is, undoubtedly, the
so-called “Great Inflation” that struck most Western European countries between 1520
and 1640. Amongst the Old Continent countries, England experienced dramatic social,
economic, and demographic changes during those decades, and were coupled with an
unexperienced rise in the general level of prices. This period, often referred to as the
“Price Revolution”, opened the doors to the dawn of Central Banks, financial institutions
in charge of supervising and reorganizing the monetary policy of a specific economic
area or country.

Inflation is a complex and pivotal factor for the post-Keynesian macroeconomic
environment, it can be defined as a key element of most growth and monetary models.
Inflation, being directly connected to purchasing power, is a fundamental driver of salary
determination, thus, affecting macroeconomic indicators such as the employment rate,
the GDP growth rate, the equilibrium salaries, and many other economic variables.
Nonetheless, one question needs to be raised: how can economists and statisticians
assess if an economy is experiencing troubles caused by inflation? Let’s start by stating
that it is impossible to measure the actual level of inflation: collecting data for each
single good traded in each single market would be extremely time-wasting and
complicated. Moreover, would it be logical to aggregate the first derivative of the price,
which is, the price increase, for so many goods and services? It appears clear that
obtaining a general overview of how prices have evolved is significantly useful. For this
purpose, using indices allows us to gain a perspective on how selected goods and
services evolve in terms of their prices.

This is a fundamental topic to comprehend: inflation per se is too complicated to
measure. Therefore, an indicator, defined as a Price Index, is constructed and
monitored: a few selected goods and services are gathered into a single basket, and the
evolution of the level of the basket is observed. Components of this basket change

according to:



1. The consumer’s perspective (for instance households or producers);

2. Which, among similar goods, are included in the basket (for instance,
which smartphones consider out dozens of smartphones purchasable);

3. The period (today’s components are different from 30 years ago, for
instance, smartphones were included starting from the 2000s in most
countries);

4. The economic/geographic area considered.

For instance, in the United States, the “Consumer Price Index” (CPI) is the main inflation
indicator, in Europe it is called “Harmonised Index of Consumer Prices” (HCPI). Over the
years other indices have been built to monitor a specific pattern or behavior observed
within the indices themselves: we are referring to the so-called “core” inflation indices
or “underlying” indices. The methodologies regarding the construction of inflation
indices are outside the scope of this thesis and, therefore, will not be explored further.

Inflation is observed periodically, usually every month, and compared to the
previous month (month-on-month or mom) or it is compared to the same month but in
the previous year (year-on-year or yoy) or even by using quarters (quarter-over-quarter

or goq). This is the general equation for computing inflation using price baskets:

Prices; —PTicC 1

Inflation = * 100 (1)

Pricesq

Here, t1 and t2 (t1 < t2) refer to time periods, such as year 1 and year 2, or even specific
months. Clearly, in case Price;> Price;,, we are experiencing deflation, which is the
opposite of inflation. The denominator, Price;q , is defined as the base index, which is
the starting reference index upon which we are evaluation inflation. The base inflation
index may give rise to the “base effect”: quoting the ECB, “The base effect can be defined
as the contribution to the change in the year-on-year inflation rate in a particular month
that stems from a deviation of the month-on-month rate of change in the base month

(i.e. the same month one year earlier) from the usual seasonal pattern”*. Henceforth,

4 See: https://www.ecb.europa.eu/pub/pdf/other/mb200501_focus03.en.pdf



an ample spectrum of possibilities manifests to the economist whose goal is analyzing

the rate of inflation over a specified period of time. For instance, if our goal was to

compare the HIPC index from 1980 to 2020, we could try different approaches:

1. We could, simply, use Equation (1) indicating t2 = 2020 and t1 = 1980. Not very

useful, but would give us an idea about the general increase in prices in the four

selected decades;

2. Observing the inflation trend year-over-year would undoubtedly be more

beneficial and appropriate, which can be computed as:

a.

Inflation in a specific year compared to the previous: so, the evolution of
the increase/decrease in the average price index observed monthly or
quarterly;

Using the year-over-year methodology, one could identify the evolution
on a monthly or quarterly basis of the annual inflation (so, for the year
2019, each month would represent a comparison between the price
index in that specific month/quarter in 2019 vs. the same month/quarter
in 2018)

Using the month-over-month method: following the approach stated
above;

Lastly, the quarter-over-quarter approach, by using quarters instead of

months/years.

As can be noticed, the definition of the inflation observed in a timespan depends not

only on the choice of the price index but also on the methodology used to compute

inflation. Let’s give another example: if Eurostat reports an annual inflation in August

2022 for the Eurozone of 5.6%, it’s referring to an increase in HICP of 560 basis points

from August 2021. This value should then be compared with the yoy inflation reported

in July. If the yoy inflation for July 2022 is 5.9%, then we would be talking about

disinflation, i.e., the act of an inflationary process to slow its pace. Figure 1 shows the

evolution of the HICP annual inflation rate computed monthly in the Eurozone from

1997 up to August 2023.



Percentage change

Figure 1: Inflation rate measured by the yoy HICP in the Eurozone, 1997 - 2023

Source: Eurostat, ECB

1.2 Economic and social costs of inflation

As explained in the previous subsection, the most important and obvious economic
burden of inflation is the rise in prices, that leads households and investors to adapt
their preferences and allocation of resources to reach a new equilibrium. The changes
caused by inflation may be classified into two categories: those deriving from
anticipated inflation and unanticipated inflation.

It's important to notice that, at first, inflation acts as a tax money on balances,
leading to a shift in the aggregate demand. Keynesian and post-Keynesian
macroeconomists teach us that, according to price sensitivity, demand will adjust, and
the economy will reach a new equilibrium. But before this happens, multiple events may
unfold, leading to uncertainty.

Initially, inflation affects liquidity balances. Imagine a family facing more energy
costs than before, hence withdrawing investments from funds or equities, or
withdrawing money from their bank accounts. These types of costs are defined as “shoe-
leather” in the economic literature, indicating the ruin incurred in leather shoes caused
by walking in and out of a bank to withdraw funds: a rather old-fashioned definition,
considering that nowadays the bulk of banking transactions take place online or via

banking apps. This is the most immediate effect of inflation, typically in cases of extreme



spikes in price dynamics, or hyperinflation®. Thinking about a different implication of the
same cost, the year 2022 marked an infamous record for real money and asset managers
in terms of outflows. Figure 2 provides a graphical representation of the impact of the

rise in inflation on US long-term funds.

Figure 2: US Long-Term Funds flows
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Source: Morningstar

According to Morningstar, 2022 was the worst year for US funds since 1993, the year
they started recording data®. The overall rise in savings was likely caused by the
pandemics and the fiscal stimulus that provoked an unprecedented spike in the inflows
in 2021. Still, when inflation started to burn the real salaries, money demand shifted
towards the most liquid assets, namely cash, to face higher costs.

When considering inflation, we frequently consider the expenses incurred by the
demand side of the economy. Nonetheless, suppliers must face the tiresome and
annoying consequences of the “menu costs” (Sheshinki, Weiss, 1977). Those are the

costs faced by firms due to a change in their prices. Imagine a restaurant facing costs to

> It refers to a situation where the prices of goods and services rise uncontrollably over a
defined period of time. In general, the term is used when the rate of inflation increases at
more than 50% a month. Link: https://www.weforum.org/agenda/2022/06/hyperinflation-
inflation-interest-rate/

& Check this link: https://www.morningstar.com/funds/us-fund-flows-investors-bail-2022
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physically print their new menus, again, a rather outdated example, which is used by
Keynesian economists to explain price-stickiness. Expanding this concept, the underlying
idea is that prices do not adjust immediately, rather, the adjustment tends to be lagged.
As a result, the restaurant will not immediately raise the prices of the dishes after a
higher energy bill, but only when it is unavoidable. This is a classic example of a
microeconomic disequilibrium flowing into the macroeconomic environment. Mankiw
(1985) explained that even the smallest menu costs can, theoretically, produce enough
price stickiness to result in a macroeconomic disequilibrium. In addition, Caplin and
Spulber (1987) demonstrated that while some prices are updated upward, others tend
to remain flat for a given period. So, even if the price index for a given industry is
increasing, not all the prices are increasing at the same pace, since not every single
supplier will adjust their offer prices.

The wealth redistribution from creditors to debtors represents another cost of
inflation (Alchian and Kessel, 1962). Unanticipated inflation reduces the burden carried
by borrowers since in real terms they will repay less to their lenders. Therefore, it is a
transfer of purchasing power, rather than a cost: however, it is quite straightforward
that, during an inflationary period, creditors will be less keen on making their surplus
circulate. This will eventually lead to one of the most important cases of market
inefficiencies, and that would represent a sub-optimal allocation of resources.

Finally, inflation generates tax distortion. As recently discussed by Beer, Griffiths
and Klemm (2023), if the tax system is not neutral concerning inflation, huge
consequences might occur. The distortions come from the same root: tax systems are
based upon nominal, not real, values. So, for instance, income thresholds are usually
defined in nominal terms, or some taxes are indicated in nominal fixed terms. Moreover,
tax rates are fixed and based on nominal values: it’s easy to observe that VAT inflows
increase during an inflationary cycle. This kind of distortion might produce different
unpleasant effects, such as tax evasion. It is challenging to generalize how inflation
affects tax payments, nonetheless, it seems reasonable that for a given tax system,
inflation worsens the degree of tax distortions. Revenue losses from collection delays,
which are more severe in countries with negligent tax administration or higher inflation
rates, must be weighed against revenue increases, which are stronger in progressive

income tax systems and often have higher income levels. Financial incentives for
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investing and saving work the same way. The rate of return on savings after taxes
declines with higher inflation, but it may as well result in lower borrowing costs for
investments.

In the end, whenever anticipated or unanticipated inflation strikes an economy,
savings and investments tend to reduce. The major cause of these events, however, is
not what inflation per se brings, but rather, how monetary policy reacts to it. As
explained in Chapter Il, whenever the economy is overheating, central banks intervene
and raise interest rates to lower inflation, by lowering the aggregate demand. Despite
not being a direct effect of inflation, this is the major consequence of the reduction of
purchasing power. Moreover, with increasing interest rates, bond prices fall, thus

impacting institutions and retail investors.

1.3 Deflation

The opposite of inflation is deflation, or the rise in purchasing power of a currency
accompanied by a reduction in prices. This is not to be confused with disinflation, that
entails the speed of the increase in prices is reducing. Differently, deflation indicates an
actual reduction in prices.

Although it may seem a positive economic event, negative outcomes often stem
from it. The major consequence of deflation is the so-called deflationary spiral. Let’s
draw an example by taking into account a household’s perspective. If prices are falling,
and they are expected to keep falling, it would be logical to just wait for prices to fall
more before making a purchase. This way, the economic slowdown may cause an
unavoidable meltdown. Clearly, deflationary spirals are usually fueled by self-fulfilling
prophecies: if every household believes that prices will fall, so they wait to purchase
their goods, prices will eventually fall, making the beliefs come true. In this sense,
expectations turn into reality just by the action of economic agents. The same happens
during bankruptcies: if account holders, frightened that their bank is facing credit issues,
turn to their ATM machines and withdraw all their money or disinvest their savings, the

bank in question is more likely to fail. Expectations play a major role in explaining

12



inflation dynamics. Notably, deflation has played a focal role in some of the worst
economic failures in modern history. For instance, in the U.S., the “Long Depression” of
1873 — 1896 and the “Great Depression” that followed the stock market crash in 1929.
However, as the chairman and former Goldman Sachs employee Gavyin David once
stated, “Inflation is not always the main problem, or indeed a problem at all. Sometimes,
though rarely, deflation is a more serious threat, and we need to shelve many of the
orthodoxies we have held so dear”’. In fact, financial markets often price deflation risk
as a tail event (Fleckenstein, Longstaff, Lustig, 2016).

In conclusion, the economy tends to follow cycles, deflationary sessions are often
an adjustment that manifests after a sustained inflation period, as represented in the
graph below, that is focused on the deflation that occurred in the USA in the “roaring
‘20s”, and persisted after the Great Depression, an event that tormented the Americans

for the decades to follow.

Figure 3: Evolution of US CPI. 1896 - 1939.
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7 “We must start thinking like South American dictators" by Gavyn Davies,

www.theguardian.com. November 12, 2008.
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1.4 A few final remarks

Before moving on to the next Chapter, it is necessary to look at two important aspects
regarding inflation: seasonality and expectations. Seasonality indicates the behavior of
an inflationary trend to manifest in specific periods (seasons) of the year. For instance,
prices tend to go up in January after December sales. Determining seasonality is a
fundamental step for each inflation measure despite it can be a challenging task to
accomplish. Some goods more than others reflect seasonality, for instance, travel-
related services or clothing. 8

On the other hand, future pricing developments, consumer behavior, and central
bank initiatives are all significantly influenced by inflation expectations, which are
molded by the views of economic players. Lastly, inflation expectations can be observed

and traded in financial markets, as will be discussed in the following Chapters.

Chapter ll: Inflation as a monetary policy target

2.1 Money supply, equilibrium prices and inflation

In the previous Chapter the definition of inflation was coupled with its embedded
economic and social causes, that, if not controlled properly, may cause serious harm to
the economy. Nonetheless, the major hazard is represented by the unpredictable
pattern of inflation rates, given that the causes of a rise in prices are not always so easy
to determine and analyze. It is almost a rule of thumb that more volatile inflation usually
leads to a crisis, therefore, diving into the cases that may cause inflation is a fundamental
aspect to be discussed.

Economists have debated for decades regarding the causes of inflation, as no
problem can be solved without a deep understating of where it stemmed from. From
this perspective, inflation and unemployment are the two most relevant indicators of

the well-being of the economy: generally speaking, a low unemployment scenario in

& Check out the following paper published by the ECB:
https://www.ecb.europa.eu/pub/pdf/other/ebbox201802_06.en.pdf
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which money and salaries are growing tend to display inflationary pressures, as the
aggregate demand exceeds the aggregate supply (Rehman, Cisman, Milin, 2022).
Inflation was once referred to the change in the quantity of currency circulating with
respect to the amount of precious metal that constituted a nation’s reserves (Bryan,
1997), and was mostly associated with a monetary issue. Nowadays, most developed
countries operate in a fiat regime, which means, the aggregate level of money
circulating is not backed by gold reserves, but by the government that issued it, even
though the concept of a rapid growth in the growth of money supply remains valid.
Three are the main events that trigger an immediate reaction in the supply-

demand pulse to reach a different level:

1. Demand-driven inflation;
2. Supply-driven inflation;

3. Commodity shocks.

2.1.1 Demand-driven inflation

The first case is the easiest to understand, and the one that manifested more frequently
in recent history: prices increase because demand grows, allowing for a new equilibrium
to be reached. This is mostly a monetary problem, as the higher the demand, the higher

the liquidity demand as well. The most important equation in this sense is the following:

MV = PY (2)

where M is the money aggregate, V is velocity, P are the level of prices and Y the output
(Gross Domestic Product, or GDP). This equation is the landmark for monetarism®:
understanding the dynamics behind demand and money demand is fundamental to
properly analyze inflation. As Milton Friedman stated: “Inflation is always and
everywhere a monetary phenomenon”. So, when central banks printing money velocity

exceeds actual demand for liquidity arisen from the output increase, inflation manifests.

% Here by “monetarism” is intended the theory of stabilizing the economy by controlling and
balancing money demand and supply
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Generally speaking, the nightmare of politicians and policymakers has always
taken the form of a stubbornly increasing inflation: hyperinflation. These events usually
followed a period of high deficit spending and money printing.

One of the most discussed and analyzed historical evidence of hyperinflation is
the infamous inflationary pressure that outbroke in Germany after World War |,
demonized by having demolished the purchasing power of the newly established
Papiermark currency. Even if the Chancellor denied that there was a connection
between printing money and its depreciation®, one of the major roots that caused the
German meltdown in the aftermath of WWI was the excessive and extreme monetary
policy that allowed for an unprecedented banknotes printing activity led by the German
central government, aiming at bolstering public and private spending after an
unprecedented economic loss, and settling the burdensome sanctions imposed by the
war winners after the Treaty of Versailles'!. In a country where the fire of inflation was
already burning, printing more money only led to louder flames.

A 1990 study by economists de Haan and Zelhorst on the impact of government
deficit funding in developing countries outlined 4 major causes for money creation to

fund government budgets:

1. Political pressures;

2. The equilibrium level of seigniorage, i.e., the level of benefits attainable by
printing money;

3. The so-called “time-inconsistency” issue of government activity;

4. The hypothesis of fiscal dominance.

Printing money to finance budgetary needs was a common practice in the
previous century, and even in more recent times, and is associated with rising inflation.

Today, the most developed countries prohibited such course of action!?. South

' When Money Dies, Ferguson, 1975

1 signed on the 28" of June 1919, it marked the end of WWI. Even if the cost of the reparations
asked to Germany were then reduced, the Allied initially imposed a whopping 132 billion gold
marks sanction, a staggering number given the purchasing power of the time.

12 For instance, article 123 of the TFUE specifically inhibits the ECB from directly funding EU
governments on the primary market
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American countries, notably Venezuela and Argentina, have a longstanding negative
relationship with high inflation, constituting de facto a chronic feature of these
economies. As an example, in the period 1960 - 1990 the spike in Argentinian inflation
usually followed a high deficit, therefore, an increase in the circulation of money. The

following graph reports a graphical representation on the matter.

Figure 4: Fiscal deficit and Inflation in Argentina, 1960-19990. Source: The World
Bank database

Deficit
flation

1200

100

1 il

N
1985

i PN S G ' P B
1965 1970 1975 1980

Source: The World Bank database

It's clear that the money-financed deficits were the leading reason behind the
hyperinflation in Argentina during the 70s and the 80s (Kiguel, 1991), and that there is a
clear connection between monetary policy and inflation. The more money circulating,
the less is valued. So, does money supply influence the level of inflation? The answer is,
in most cases, positive. The underlying idea is that whenever the pace or rate describing
the growth of money supply is not the consequence of an increased ability of the
economy to produce a higher quantity of goods and services, nor is representative in
actual increase in the productivity or the quality of goods produced, inflation arises.
Therefore, after an increase in the money stock, inflation tends to follow. The empirical

evidence supports this hypothesis, notably starting with Jerome Stein’s 1970 “Monetary
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Growth Theory in Perspective”. More recently, Roffia and Zaghini (2007) analyzed the
impact of monetary policy respectively in the short and long run and found evidence
about the connection between the two variables. It should be stated that, in neither
case, a one-on-one connection was discovered: there is always a lagged effect between
the application of monetary policy and the detection of inflation, moreover, other
factors can have an impact over the level of prices, so it is complicated to draw a simple
conclusion on the matter.

In addition, it should be reminded that inflation is not bad per se: it is not
surprising that ten dollars today is worth much less than in the future, as the economy
evolves. In macroeconomic terms, reaching a new equilibrium price is just the result of
place in motion of the variables. The value of a currency tends to decrease because of a
growing economy, in which more money circulates and the capital accumulation
changes. In this sense, Tobin’s pioneering studies (1965)*3 argued that faster money
growth is usually associated with higher capital stock and output per person.
Nonetheless, a moderate and well-behaved constant level of annual inflation is an
unmistakable sign of a growing economy. Inflationary pressure stemming from the
demand is associated with a strengthening in the purchasing power of the aggregate
demand, as well as an increase in the general level of prices.

To conclude, understanding the relationship between demand and inflation is
not as simple as it seems, given the fact that the demand (and supply) is influenced not
just by the monetary policy: the fiscal component is not to be disregarded. Fiscal policies
regard the activity of governments and supranational entities to either promote growth
or restrict the demand. Before continuing, however, it is necessary to discuss the flip
side of the very same coin, which is, the influence of production limits and the impact

on the inflation indices.

2.1.2  Supply-driven inflation and commodity shocks

Supply-driven inflation is deeply connected to the characteristics and peculiarities of the

supply side of the macroeconomic equilibrium. Policymakers must consider the

13 Money and Economic Growth, 1965 is one of the first economic publications that directly
addressed the relationship between inflation and output growth in the post-Keynesian era
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importance of the variables influencing the output if they want to produce a full-fledged
policy aimed at making inflation stable. | decided to divide supply and commodities for
a specific reason: in the second part of the previous century a strong process of
globalization started among most countries, especially the western ones, which is not
always a consequence of commodities shocks. This brought to less autocracies and more
open economies to develop, which eventually led to a more connected world.
International trade reached levels that were never registered before, also thanks to an
easing of tariffs and duties. One example is the European Union, whose embryonal stage
granted free trade across the initial members. Continental trade increased as well,
thanks to the improvement in technology that led to bigger and faster means of

transport. Figure 5 indicates a chart provided by the WTO that speaks for itself.

Figure 5: Evolution of world trade, 1950 = 100. Source: World Trade
Organization
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Such an unprecedented growth in global trade generated an entangled economic
web that turned the world trade into a more interconnected reality: while this
generated major benefits, it also fostered the dependance of the supply chains of an

immense variety of industries among others in different countries. When an external

19



shock, for instance, the COVID-19 pandemic, disrupts the supply chain as a consequence
of the lockdowns, sooner or later the slowdown in production is affected, leading to
higher prices for specific goods or services, either immediately after the lockdown, or
after other price pressures manifests. Econometric analyses can be carried out on this
matter by means of specific modeling, such as the Global Supply Chain Pressures Index
(GSPI). Supply chain issues are one of the major causes of the recent inflation burst, that
followed the impact of the expansive fiscal policy, especially in the US, that occurred in
2021 as a response to the pandemic slowdown.

Notably, the price of commodities is strictly followed by policymakers, as certain
materials such as gas, oil and electricity usually produce ripple effects in the economy.
Notably, the 1970s inflation derived mainly from the oil shock and embargo: that was
the starting point for the strongest inflationary pressure of the second half of the XX
century in major western countries. Another example is represented by the recent
inflation surge: after Russia’s invasion of Ukraine, Europe’s dependency on Russia’s
energy commodities and Ukraine’s wheat produced its effects in the Old Continent,
accompanying the supply chain destruction already quoted. In the end, commodities are
strictly observed, especially their future prices traded in regulated markets. Recent
literature supported these theses regarding the importance of commodities shock and
supply-driven impact, notably the work carried out by Blanchard and Bernanke (2023)
among others. These studies rely upon the specification of commodities shock, for
instance, the oil supply shocks. In conclusion, the post-pandemic inflation was caused
by many sources, and the supply side is one of the leading ones, as well as the impact of
commodities (especially energy-related), gaining momentum in the econometric and

macroeconomic research.

2.2 Central banks and monetary policy

Independently from the origin of inflation, monetary policy needs to address the
eventual shock. Governments may be pushed to an extensive fiscal policy during times
of inflation for political reasons (for instance, new elections or budgetary law

requirements), therefore, the importance of an independent central bank is not to be
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underestimated, as will be explained. This concept was well expressed by Hemingway in
the quote reported in the Introduction.

Untamed and rising inflation is undoubtedly one of the worst economic
nightmares of both politicians and policymakers. Thereafter, central banks’ goals shifted
from money-based targeting to direct inflation targeting in major developed countries.
This shift produced a great impact on the stabilization of inflation, and on inflation
expectations, by enacting sound monetary rules addressed by independent central
bankers. Monetary rules can be defined as the set of policies and strategies followed by
central banks aiming at controlling the money supply. Figure 6 shows the evolution of
US inflation from 1970 to 2020 (2021 spikes were excluded on purpose): it’s clear that

inflation volatility reduced, on average, after the shift to inflation targeting.

Figure 6: Evolution of annual CPI inflation, 1960 - 2020
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Source: Federal Reserve Bank of St. Louis

Central banks adopted different kinds of approaches during their lifetime,
sharing however the same goal: monetary authorities required a new way to manage
interest rates and monetary equilibrium to address economic shocks and promote
growth towards a steady state equilibrium, which can be achieved only through a
combination of fiscal and monetary policies.

Going back in time, in the aftermath of the Bretton Woods accords that
established the fixed exchange rate system, a new system needed to be developed, a

system in which monetary policy was more flexible. That was the end of the “over-
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confidence” era of central bankers: one of the most important results of that period was
that economic agents’ expectations couldn’t be taken for granted (Issing, 2003). The
anchoring to the US dollar and the USD conversion to the value of gold could no longer
represent the answer to a timely moderation of inflation. The first major replacement
that constituted a valid alternative was monetary targeting coupled with the newly
floating rate regime, but this methodology showed different flaws, ultimately failing to
generate a stable monetary environment. The money growth strategy was
straightforward: the central bank increased (decreased) the money growth rate by a
specified amount whenever inflation decreased (increased) and the GDP forecasts
weren’t satisfactory.

The next step was the spreading of the importance of the independence of
central banks from the political forces. In the previous Chapter, it was mentioned that
funding budgetary deficit by enlarging money supply only caused inflation to be more
volatile. In addition, it was not uncommon for politicians to produce inflation surprises
before the elections aiming at influencing votes. A 1992 study carried out by Cukierman,
evidenced that for central banks to pursue price stability is extremely crucial that they
are an independent institution, whose operativity is not to be questioned by the
government. In-depth analyses on the reaction of the German central bank, the
Bundesbank, during the 1970s and 1980s, showed that it was its independence that
played a major role in keeping the German mark more stable compared to other ECU#
countries (Beyer, Gaspar, Gerberding, Issing, 2008). It's not a case that Germany and
Switzerland were the first two European countries that announced their monetary
policy after Bretton Woods, starting by guaranteeing the independence of the central
bank from the government. Undoubtedly, the level of autonomy of central banks from
governments considerably affects the growth of money and credit lending activities, and
directly influences inflation volatility and budgetary deficit (Cukierman, 1992) >. The

empirical analysis supported this research. Different types of indices aiming at

14 European Currency Unit, a unit of account used before the introduction of the Euro among a
few EU countries. It was a basket of the membership’s currencies.

15 Cukierman studies provided a holistic analysis regarding different links between price stability
and central banks’ independence. He stated that, despite independence not being neither a
necessary nor a sufficient condition for low inflation, contributes in keeping it less volatile. His
studies are considered as the backbone of the literature on central banks’ independence.
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measuring central bank independence were developed, for instance, Alesina and
Summers (1993) discovered a clear inverse relationship between average inflation and
independence. As stated before, Germany represented one of the best examples of the
success of this approach, as well as the Swiss response to the major monetary policy
shift.

During those years, academics seemed to have reached an unprecedented
consensus revolving around the benefits of a low and stable inflation environment,
rather than a zero-inflation scenario. Even though different monetary goal variables
were proposed, such as a target nominal GDP growth rate, targeting directly inflation

were ultimately chosen as the best course of action.

Figure 7: Average Inflation regressed againt the Index of Central Bank independence
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New Zealand proposed the Reserve Bank Act of 1989: price stability was a
mandatory goal pursued by the central bank, with a specified goal. They decided to seek
a 2% annual level of inflation — and by inflation, it’s intended the national price index —
that was in accordance with a non-zero inflation rate which could promote economic
growth. The most accredited definition of inflation targeting was provided by
economists Bernanke, Laubach, Mishkin and Posen (1999), and encompasses the public
announcement of an official quantitative target or range, the specification of the
horizon, and the accountability of the central bank. From this point on, every monetary

policy that adopted a specific inflation goal as its mandate was named “inflation
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targeting”, or just “IT”. For a monetary policy to be classified as IT, a few conditions must

hold, complying with the definition provided before:

1. There must be a specific numeric target for the level of inflation and the
reference horizon;

2. The enforcement of a forecasting targeting strategy;

3. The central bank must be independent, however, required to provided the

highest possible level of accountability and transparency.

The general idea of “legislation before authorities” was initially contained in Simons
(1936)'. The first condition specifies that the monitoring of a specific price index is
required, but not the price index alone, also the derivations of it. For example, core and
super core inflation, or inflation excluding specific goods and services are also
monitored. Other central banks specify an inflation target range rather than just a
number. After all, 2% might be interpreted as too specific: some countries decided to
allow for a more flexible target might be more useful’’. This goal is, in most cases, a
medium-term one, not a target to reach year after year: there tends to be a lag between
monetary policy and the impact on inflation, thus, targeting the short-term inflation rate
would lead to disastrous results. The second condition reflects a crucial aspect of this
monetary policy approach: central banks’ forecasts on inflation are the most relevant
forecast in enacting the monetary instruments. Clearly, other forecasts are not
disregarded (notably GDP and unemployment), but the priority is inflation (Svensson,
2002).

The Swedish economist Svensson (2002, 2010) particularly stressed the last
point, shedding light on the importance of the transmission mechanism: if nobody voted
for the technocrats of the central bankers, they must be willing to explain their
strategies, analyses, computations on how to pursue the 2% inflation goal to the

legislative and bureaucratic institutions, i.e., elected institutions. The mandate should

16 “Rules versus Authorities in Monetary Policy” by Simons is a fundamental reference in the
central bank literature, as it first addressed the paramount importance of a rule-based
monetary policy

17 Notably, Canada opted for an inflation-control range of 1 — 3 per cent, referring to 2% as the
midpoint. New Zealand follows the same approach.
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be legislative, therefore defined by rules set by the national parliament, and the
legislation determining the boundaries and powers of the central bank should also
contain information regarding the accountability and transparency required to reach the
mandate. Inflation expectations are particularly influenced by the accountability and
transparency of the central bank, as the commitment to stabilize prices around a
specified target would produce effects on agents’ expectations only in the scenario that

central banks did not pursue their objective without sharing their research.

2.3 Exploring inflation targeting (IT)

Nowadays more than fifty countries adopt inflation targeting as part of their monetary
policy. For instance, the European Central Bank (ECB) and the Federal Reserve Bank
(Fed), even though the American central bank is characterized by a double mandate,
that is, pursuing the lowest possible unemployment and the 2% inflation target.
Economist and academics who, during the years, defended and praised inflation
targeting, largely relied upon two major aspects: first, the forecasting strategy, and
second, the consensus that started to revolve around the transparency and
independence of central banks’ activity.

It should be reported that countries that have not adopted IT also succeeded in
maintaining price stability: Donald Brash, who served as Governor of the Central Bank
of New Zealand, stated that inflation targeting is in fact not a new interpretation of
monetary policy, rather, one of the possible pathways to reach price stability, or a
different interpretation of the same policy (Brash, 1999). In fact, inflation targeting is
not a policy-making strategy, as it does not indicate how the targeting should be
pursued: it merely indicates that a specified target is set and must be accomplished in
order to guarantee growth and stabilize expectations.

To come up with a definition of inflation targeting, the focus should be put on
the involvement of an instrument rule, i.e., the short-term interest rate set by the

central bank as a function of deviations of a set of key economic variables!®. Mishkin and

8 In the Eurozone, the three key interest rates are the deposit rate, the main refinancing rate,
and the marginal lending facility rate. More information can be found here:
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Bernanke (1997) provided a great overview of the fundamental aspects of inflation
targeting, and considered two aspects of extreme priority, namely, how to choose the
inflation measure and how to set the target value. Most countries opted for their
national interpretation of the CPI, but not the “headline” or standard, rather the “core”
version: core inflation indices exclude a few goods and services to rebalance the basket
by focusing on selected items or commodities whose peculiarities may display intriguing
aspects. Some goods tend to be more or less volatile than others, for instance, by being
affected by cyclicality or a different degree of demand elasticity. What about the 2%
target? Itis essential to highlight that it is complicated to find a direct positive correlation
between economic growth and inflation. As reported in the previous paragraph, during
the 1990s economic literature and research agreed upon the benefits of a low inflation
environment. First, official CPI values tend to overstate the true nature of inflation, due
to intrinsic problems linked to the way of weighing the goods in the basket. Aside from
the computing issues, it was discovered and supported by empirical evidence that a very
low inflation environment produces a rigid downward pressure on nominal-wages
(Akerlof, Dickens, Perry, 1996), affecting real-wage flexibility. The other crucial aspect is
that inflation is a sign of a growing economy, in which the output grows and wealth is
produced: this is incompatible with the risk of deflation, that, as already briefly
discussed, needs to be avoided just as much as hyperinflation.

After all these careful considerations, under the target rule (2% inflation), a
function — usually a loss function describing the potential damage to the economy
considering an intertemporal specification — needs to be optimized to reach that desired
level. Different empirical solutions were proposed, one of the most relevant being the

intertemporal loss function proposed by Svensson (2002) reported below:

Ly = (1= 8)E; X3200" [(Mrr — )% + AViys] (3.1)

This function is defined by two targets, which are the deviation at time t + ©

from the target m*, and the deviation from the potential output being equal to 0, as

https://www.ecb.europa.eu/stats/policy_and_exchange_rates/key _ecb_interest_rates/html/i
ndex.en.html
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defined by the Ay?Z,, term, with lambda being the relative weight regarding the output
gap stabilization. This is best known in the economic literature as “strict” inflation
targeting, as opposed to “flexible” one in which the loss function of the monetary
focuses on the deviations from the other targets as well. Clearly, this function represents
just one possible interpretation of the intertemporal loss equations, thus, different
approaches were developed. Restricting a central bank’s information range to inflation
only would in fact lead to disastrous results: other sets of indicators are vital to avoid
factors influencing demand and supply are not disregarded. Therefore, a lambda with a
positive value indicates flexible inflation targeting, and a zero-value indicates a strict
targeting, i.e., focused on reaching the inflation range or point value only.

As for any intertemporal function, it’s crucial to define a discount factor, in this
scenario represented by the parameter § (0 < § < 1). Lastly, E;refers to the
expectations conditional on the information available at time t. An interesting aspect
regarding this model is realizing that when § approaches 1, at the limit the loss function

converges to:

16in L; = Var [m:] + A Var [y] (3.2)

Hence, the sum of the unconditional variance of inflation at time t and the weighted
variance of the GDP (the output component).

What is left to be done is to optimize this loss function by setting the interest
rate. To minimize the function, outcome-based rules were adopted, such as Taylor
(1993), who developed the best-known Taylor “rule”. This approach provided an interest
rate setting that complied with the 2% rule. Clearly, the original Taylor rule specification

was modified and augmented during the years, but the original one took this form:

i=2%+ m+0.5(m—2%)+0.5(q—q,) (4)

with 0.5 being the reaction parameter set by the central bank, and (q — q,) being the
deviation of quarterly output from a specific trend. However, further studies

demonstrated that the Taylor rule does not fit the data well, nor the evolution of it
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(notably Orphanides 2003) because of the simplistic nature and its heavy dependency
on a small subset of information that disregards crucial data. Nonetheless, it represents
an embryonal approach on how to address the inflation-targeting mandate by setting an
appropriate key interest rate. The idea is the following: if a central bank believes that
the output of the rule, i.e., the interest rate, might be inappropriate for a variety of
reasons (e.g., credit crunch, weakness in the financial system, failure in the transmission
mechanism) there might be an incentive to deviate from the rule. The minimization of
the loss function is not a simple task, as it implies considering all of the relevant
constraints and limits imposed by the skeleton of the economy.

Thereafter, outcome-based rules, such as Taylor rules and its derivations, are
surpassed by forecast-based rules, overcoming the restrictions set on the information
used. Central banks have set up very elaborate and complicated mechanisms to address
IT, considering multiple variables and different analyses. For instance, Bernanke and
Woodford (1997) proposed a model by anchoring monetary policies within an inflation
target mechanism by responding to private, not the central bank’s, inflation forecasts.
In addition, monetary policy is never “strict”. Truth is, inflation targeting was paving the
way for a much more central role played by expectations in monetary policy, now that
inflation was a specified target.

Another crucial burden that IT is required to address regards inflation forecasts.
As multiple models were developed, choosing the appropriate one is vital. Keeping in
mind that a central bank’s goal is price stability, and knowing that expectations on
inflation, as well as tensions on usable resources may generate inflation, surveilling

expectations (both private and public ones) is fundamental.

2.4 Performance of inflation targeting

2.4.1 Evidence from industrialized countries

At the end of the 1990s, inflation targeting policies seemed to have reached their goal
of reducing both the rate of inflation and inflation expectations. Most of the studies
were relying on the fact that no empirical evidence supported that IT has worsened the

ability of a central bank to tackle inflation. This finding, accompanied by the
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disinflationary process that occurred in targeters, lead to an initial boasting of IT
prowess. Moreover, it was argued that IT helped reduce the dynamic time-inconsistency
problem. Inflation targeting monetary policies appeared to have triggered a
disinflationary process that continued in the 2000s and 2010s*°, until the recent inflation
rampage that hit most developed countries in 2021 and 2022. Leaving aside these years
for a moment, IT looked to have extinguished the purpose of the strategy as inflation
remained, on average, below the 2% target.

To discuss the impact of inflation targeting, it is fundamental to make a
distinction between two periods: from 1990 to 2020, i.e., before the pandemic, and the
years that followed the COVID-19 outbreak, characterized by Russia's invasion of
Ukraine and inflation. Most of the literature on the effects of inflation targeting as the
policy rule for monetary activity is in fact focused on the period before the year 2020,
as the impact of the interest rate hiking cycle on inflation is yet to be evaluated. Still, it
is possible to draw some conclusions.

The literature regarding the macroeconomic performance of inflation targeting
as a policy rule is vast and, for some specific topics, misaligned. First thing, when inflation
targeting was initially introduced, developed countries were searching for a new way to
address the spike in inflation and the wild inflation volatility of the late 70s and 80s.
Therefore, it could be argued inflation would have been reduced with or without
inflation targeting. In fact, during the 1990s, most developed countries experienced a
strong disinflationary process, as reported in Figures 9 and 10 (which represent inflation
in the US and the Eurozone). Initial investigations were conducted from the late 20th
century to the early 2000s, focusing on the analysis of industrialized or developed
economies. All these studies broadly agreed on the fact that countries that adopted
inflation targeting not only managed to enact a disinflationary process, but also
managed to increase the credibility of the central bank in bolstering the financial system
and controlling inflation volatility. Earlier studies, such as Walsh (2009), and other
fundamental literature pillars (Roger, 2009) all discussed the same hypothesis and came
to similar conclusions: IT has indeed improved the performance of targeters, whereas

inflation have reduced and stabilized also in non-targeters.

19 This period is often associated with a “secular stagnation”, to reprise the Japanese case of
slow growth that struck the Asian country in the 1990s
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This is indeed the starting point of the analysis on inflation targeting,
nonetheless, some economists (notably Ball and Sheridan, 2004) argued that studies on
the macroeconomic performance of inflation targeting suffer from a specific dilemma,
an endogeneity bias: countries who were struggling to fight against higher inflation rates
were more likely to adopt inflation targeting, hence, more likely to achieve a lower
inflation in the medium term, IT or not. Ball and Sheridan concluded that considering
this aspect, IT had no major influence over developed economies, as inflation would
have been reduced in any case by means of a monetary growth policy. Therefore, as
developed countries tend to display a lower level of inflation, addressing the direct
impact of 2% targeting in lowering inflation and measuring the economic performance
of inflation targeting, and as there is no complete methodology for carrying out this
analysis, some assumptions are required. Walsh (2009) distinguished in his analysis on
the impact of inflation targeting between IT countries and non-IT countries, analyzing
inflation rates and volatilities before and after the 1990s%°. Again, both subgroups (all

the countries analyzed belong to the OECD??) experienced disinflation, however, he also

Figure 8: OECD Inflation targeters and non targeters, 1962 - 2007, excluding
Turkey and considering Switzerland as non-targeter. Source: OECD, Walsh
(2009)
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20 The choice of 1990 simply derives from the necessity of creating a way to make a comparison,
as in that year New Zealand first launched IT. Therefore, this break poing was necessary to
distinguish between the pre IT era and post IT period. The pre-IT period started in 1962 and
ended in the year IT was adopted.

21 He analyzed 10 IT countries and 16 non-targeters
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discovered that average inflation decreased. Figure 8 presents a graphical
representation of the comparison.

On the other hand, Figure 9 reports the effects of inflation targeting in the USA,
excluding the pandemic and post-pandemic era. This time, instead of the CPI, the
Personal Consumer Expenditure, or PCE?? is represented. As it can be seen, the moving
average clearly started decreasing in the first half of the 1990s inflation started its
disinflationary process, then the PCE remained close, but below, the 2% target, bouncing

between the 1.5 % - 2% range.
Figure 9: YoY PCE core inflation and its ten-year moving average, annualized, 1990-2018

45 T T T T T
Inflation

= = 10-Year Moving Average

05 1 1 1 I 1
1990 1995 2000 2005 2010 2015

Source: Bianchi, Melosi, Rottner, Journal of Monetary Economics 124, 2021

While it is not straightforward to the impact of inflation targeting, given that during the
previous decades the US, like most of the countries that adopted a specific target,
experienced considerable inflationary pressure. Figure 10, instead, presents the
evolution of the European HICP inflation index from the inception of the Eurozone until

2018.

22 The PCE is another price index monitored by the Fed, whose national variations are strictly
analyzed by other central banks. Different from the already mentioned CPI, often leads to
different inflation analyses
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Figure 10: Eurozone HICP yoy, 1997-2018
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Even if the European case is different from the American one, given the monetary union
that took place after the adoption of the Euro from 1999, we can notice that on broad
terms in these three decades inflation remained around the 2% target, with the 2010s
displaying a below-target inflation. In this sense, at the ECB inception the target was an
inflation “below 2%”, whereas in 2003 the mandate became “close to 2%” in the
medium-term?3. Moreover, most European countries that later adopted the euro did
not shift to inflation targeting until the monetary union took place. In addition, it is
clearly visible the impact of the Global Financial Crisis (GFC) and, for the European case,
of the dreary Sovereign Debt Crisis: the result was an unprecedented increase in the
liquidity available in the markets, in order to support demand and avoid the risk of
deflation.

Focusing on the European case, by looking at the period after the Sovereign crisis
and analyzing the 2010s until the recent COVID-19 outbreak one question was raised:
what can the monetary policy do when inflation is below target and the policy key
interest rate is approaching zero? This clearly represents an unavoidable headache for

monetary policy: when inflation is too high, extreme measures can be considered to

2 More info on the ECB targeting can be found on this official research, available at the following
link: https://www.europarl.europa.eu/cmsdata/241733/00 COMP QA0121391ENN.pdf
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fight the rise in prices, as no floor or limit exists. On the other hand, in the downward
scenario of excessive disinflation that could lead to deflation or deflationary bias,
monetary policy faces the lower bound. Targeting per se does not include any clue on
how to tackle the issue. This is known as the “Zero Lower Bound”?* (ZLB). “Deflationary
bias” persists whenever the probability of reaching the ZLB is consistent and non-zero
(Bianchi, Melosi, Rottner, 2021). To overcome this trouble, the ECB developed a series
of “non-standard monetary policies”, such as the Asset Purchase Program (APP, also
known as Quantitative Easing or QE) and the Longer-Term Refinancing Operation
(LTRO), as well as setting negative interest rates to promote lending facilities and credit
circulation across the eurozone. Moreover, they introduced the “forward guidance”
policy. This resulted in an increase in the overall excess liquidity?® in the eurozone, a key
aspect that influenced the inflation surge in 2021 and 2022. The deployment of
Unconventional Monetary Policies (UMP) was fundamental after the initial lockdowns
that followed the outbreak of COVID-19 in the first half of 2020 in Europe since once
again monetary policy was trying to push up inflation and avoid deflation in an already
fragile context, as discussed in Section 2.5. The other fundamental implication of
adopting UMP was to restore credibility in an instable financial system, stabilizing the
government debt’s yield curves after the Sovereign Crisis, and restore a more credible
interbank lending system.

This way, the European Central Bank pushed monetary policy from the ZLB to
the so-called “Effective Lower Bound” (ELB), i.e., the minimum reachable level by which
monetary policy can still be effective in boosting the economy. To better present the
recent spike in inflation, Figure 11 presents the HICP annual inflation rate until June
2023, therefore including the 5-year period after 2018 which was intentionally
disregarded in Figure 10. In conclusion, it seems that in the Eurozone inflation targeting

struggled, before the pandemic, to reach the 2% target, but we still need to wait for the

24 Keynes discussed this event in his breakthrough study The General Theory of Employment,
Interest and Money (1936)

25 Excess liquidity can be defined in multiple ways, but the most accredited definition refers to
overall increase in the level of the reserves deposited at the ECB by banks and eligible financial
institutions that exceeds the minimum overnight requirement. These reserves, called “central
bank reserves”, mandatory and in excess, constitutes a pillar in the determination of money
aggregates.
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impact of the tight monetary policy to tackle surging inflation to bring about its
consequences on the real economy. As usual, first the financial sector is impacted, and

then the effects are transposed to the other industries.

Figure 11: Headline vs Core HICP (CPI) Inflation, 2000-2023
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2.4.2 Findings from transition and emerging economies

Diverging ideas spread around the impact of inflation targeting. Further evidence on the
macroeconomic performance of developing and emerging economies that adopted
whose monetary policy adopted inflation targeting. Early studies on the topic centered
on former Eastern Europe countries, such as Poland or the Czech Republic. The
transition?® to a capitalist economy made them the ideal candidates for the scope of the
analysis. Shifting from exchange rate peg to inflation targeting in a context of a country
creating its geopolitical, financial, and legislative identity is completely different than in
a developed country that is “just” undergoing surging inflation, such as New Zealand.
Jonas and Mishkin (2003) argued that, despite the lack of information available at that
time, positive results were found. Central Europe countries were in fact trying to lower
inflation and inflation volatility to be qualified to join the euro area, so even if targeting
showed to be successful, again other policies generated an impact over the stabilization

of prices. The two authors also argued on the process of disinflation, neither smooth nor

% |n this case for “transition economy” is intended an economy shifting from a communist
market to a capitalistic system.
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linear, caused variations in the downside. In addition, they discovered inconsistencies in
the application and effects of inflation targeting, considering the level of independence
of the central banks. Blanchard (2003) provided his comments on Jonas and Mishkin’s
analysis, indicating that while inflation targeting is no perfect policy, it helped in
stabilizing the macroeconomic outlook. Nonetheless, as Blanchard argued, these
economies started their development and transition with considerable alterations,
secondly, he argued that price liberalization and evolvement in the nature of labour
relations and negotiation provoked an impact over inflation. Lastly, he concluded that
the effects of monetary policy are likely to be more asymmetric effects with respect to
a richer and more stable economy.

Other studies, notably Baxa, Plasil and Vasicek (2014), conducted on the same
central European countries (Hungary, Czech Republic and Poland) that Jonas and
Mishkin analyzed shed a light on remarkable aspects regarding the application of
inflation targeting. As has been extensively explored, one of the key effects of adopting
inflation targeting is an improvement in the central bank's transparency and credibility

in achieving its aim, limiting the costs of inflation. The IMF recently discussed about this

Figure 12: Number of emerging markets that adopted IT and CB
transparency index, 2000-2020. Source: IMF
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topic, in an annual speech at the Central Bank of Brazil ?’. Figure 12 reports a visual
relationship between the number of emerging countries that adopted IT and the
increase in the transparency index. Other findings are focused on the impact of
disinflation and the anchoring of inflation expectations, which will be discussed in the
next Chapter. Nonetheless, just in the case with developed countries, the authors
concluded that inflation targeters do not perform strictly better than non-targeters.
Considering also non-European countries, a much larger dispersion of performances
is observable. While some studies argue that there is no substantial factor enacting a
lower inflation in targeters was found (again, Walsh, 2009), others compared findings
with developed and non-developed countries. For instance, Nene, llesamni and Sekome
(2022) argued that that IT has been much more successful in developed (in this case,
European) countries than in developing economies (they chose a selection of African
countries). They analyzed that the impact of inflation targeting is much more visible
when the underlying economic system is more stable, as the impact of a shock in
inflation is less controllable, due to other forces impacting inflationary pressures. This is
mostly due to the transmission mechanism. Therefore, just as what happened with
developed countries, the potential benefits of inflation targeting are clear to the
literature, but the empirical evidence seems to be dependent on the sample. However,
not all the studies on developing countries agree on this result: Samarina, Terpstra, De
Haan (2013), Batimi and Laxton (2006) carried out different types of analyses and
concluded that IT significantly reduced the level of inflation. They broadly agreed that
the commitment of a central bank to reach a certain target is a firm signal influencing

expectation.

2.5 Higher targets and unconventional monetary policy

There is one specific question that needs to be addressed, before moving on with the
expectations mechanism framework: why was chosen 2%, and why the central banks of

basically every industrialized country that adopted inflation targeting have not tried a

27 Link: https://www.imf.org/en/News/Articles/2023/05/16/sp051723-fdmd-inflation-speech-
central-bank-of-Brazil
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different target yet? After all, why would 3% or 4% targets be worse, as inflation is
computed as a weighted average of the evolution of the prices in the basket? In addition,
as already discussed, there is always a lag between the announcement of monetary
policy decisions and their translation into the real economy, therefore, the inflation to
be targeted is a medium-term average, rather than a short-term one. So, pursuing a
higher target in the medium-term could, potentially, lead to better results in the
immediate years that follows a specific decision, and could push away the threat of
deflation represented by the deflationary bias, that is, as already stated, the non-zero
probability to reach the ZLB. This may lead to the spiral effects discussed in Section 1.3,
where no rational expectations can be derived, as the inflation rate is below target. A
target lower than 2% seemed, in this sense, too risky. Nonetheless, a higher one, under
some circumstances necessary to avoid untamed inflation, could have generated
cautious benefits.

The discussion regarding a higher target gained momentum after the financial
breakdown of 2008, especially in the Eurozone: the cumbersome constraint represented
by the Effective Lower Bound, or ELB?%, demonstrated to be a quite troublesome
impediment for monetary policies to achieve their goals. If IT demonstrated to be
successful in the disinflationary process, liquidity and credit crunch that followed the
financial crisis and the Sovereign Debit crisis constituted a menace to be addressed. The
extent to which unconventional monetary policy (UMP), represented by forward
guidance and quantitative easing (QE)?° impacted the behavior of inflation targeting
policies, in an era doomed by slow growth a low inflation, is a burning discussion. In
simple terms, QE refers to the open market operations carried out by a central bank in
the secondary market, whereas forward guidance is the act of the central bank to leave
ideas regarding future monetary policy decisions. The following graph represents the

exceptional amount of liquidity injected into the Eurozone in the considered timespan.

28 Usually set at -0.5%, that is, the minimum policy rate applied in Eurozone and other countries
after the GFC
2 The ECB adopted forward guidance after the sovereign crisis and started QE in January 2015
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Figure 13: Evolution of the amount of Asset Purchase Program (APP), Pandemic
Emerging Purchase Program (PEPP), TLTRO and LTRO in billion of Euro, 2014 - 2022.

i/

ECB balance sheet aggregates (€tn)

6

2014 2015 2016 2017 2018 2019 2020 2021 2022

MAPP ®mPEPP mOpen-market operations (eg TLTROs)
Source: ING Research, ECB

The key point to begin with is the availability and functioning of UMP in the context
of a central bank working under an ELB framework. Certainly, because of the notable
effectiveness of inflation targeting in the years preceding the crisis, discussions about
higher target ranges faded away. But when, in the aftermath of the GFC, growth
struggled to revive, UMP resulted as the only way to pursue the inflation target, because
of the numerical constraint imposed on the standard monetary policy tool, i.e., interest
rates. So, the UMP seemed to be quite effective, even if constrained, until inflation re-
appeared after the pandemic. Nonetheless, researchers, notably Dorich, St-Pierre,
Lepetyuk and Mendes (2018) from the Central Bank of Canada discussed that, assuming
no UMP tools are utilized, a higher target or range improves macroeconomic stability.
To rephrase their interpretation on the matter of discussion, empirical evidence seems
to highlight a trade-off between UMP and inflation targeting: UMP operates better with
a lower target, either a 1.5-3.5 percentage point range, or the usual 2%. If, however, due
to general constraints that may exceeds the authority or the power of policymakers,
unconditional monetary policies are unattainable, setting a higher target may lead,
during deflationary or low-inflation cycles, to achieve considerable results. This would
end up avoiding the constraints of the ELB, leaving more space for monetary policy to

operate, although the standard interpretation. The study demonstrated that the output
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gap can be improved during low-inflation periods with a higher target. Other studies,
notably Blanchard, Dell’Arriccia, Mauro (2010) argue that a 4% target is, during low-
inflationary cycles, more efficient.

However, there are other factors to consider when treating inflation. Not only a 2%
target would not leave enough room for interest rate cuts when monetary policy goals
aim at pushing the demand, but there can be troubles related to the downward wage
rigidity (DNWR), which is supply-side component. DWNR is defined as the ability of
nominal wages to resist downward adjustments. This topic concerns the freezing period
of nominal wages: companies that index nominal wages with past or expected inflation

are usually considered as subjects of downward real wage rigidity.

Chapter Ill: The Role of Expectations

3.1 Introduction to inflation expectations

Economists, policymakers, and statisticians consider expectations when developing a
model, to anticipate or study inflation dynamics. Economic literature generally agrees
that expectations affect future inflation, for several reasons. Primarily, as a result of the
self-fulfilling prophecy effect, it is frequently taken for granted that public and private
expectations about how prices will evolve have a direct impact on inflation forecasting
and policymaking. Inflation expectations are often addressed to the short and medium
or long-term, depending upon the type of analysis carried out. According to Feldkircher
and Siklos (2019), the three main drivers of inflation expectations are past inflation,
domestic determinants and international or global factors. For instance, in a low-
inflation environment, expectations tend to reflect past data. Exogenous or endogenous
shocks, such as pandemic outbreaks, wars, or news on commodity prices tend to affect
expectations, influencing de facto the rise in prices. In general terms, it can be stated

that the four principal sources of inflation expectations are:
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1. Market expectations, coming from tradable securities or derivatives which
bear a close connection to inflation;

2. Central banks / international economic agencies estimations;

3. Professional economists surveys;

4. Private sector expectations.

Market expectations refers to the implied level of inflation that can be derived from
inflation-linked bonds and inflation derivatives, such as inflation swaps. These securities
and financial instruments allow us to track an expected level of inflation, given their
characteristics, and are key to predict inflation in the long range. This topic will be
discussed in Chapters IV and V. Public sector expectations are released by central banks,
or international agencies such as the International Monetary Fund (IMF), the World Bank
(WB) or the Organization for Economic Co-Operation and Development (OECD) and
others. Such institutions usually release expectations aggregates (for instance,
developed economies or a selected geographic area) as well as country-specific ones,

analyzing both the short and the long-term. An example is reported in Figure 14.

Figure 14: IMF inflation outlook, 1H21 - 2024. The lines are averages weighted by
countries’ purchasing-power-parity GDP
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Figure 15: HICP and HICPX forecast based on the SPF released in October 2023
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Central banks usually release their expectations after the monetary policy meeting, as a
statement to indicate how their policies are expected to reach the inflation target, or
during public speeches of the Board members. Nonetheless, there is a crucial connection
between inflation expectations and the targeting policy, and this is usually directly
addressed by central bankers. Then, economist surveys are usually focused on short and
medium term. For instance, in the Eurozone one of the most important public
expectations surveys is the “Survey of Professional Forecasters”, SPF, published on the
ECB website3®. Since 1999, the ECB has aggregated quantitative analyses on GDP,
unemployment and, of course, inflation. It is considered one of the most recognized
surveys on public expectations, given the accountability of the economists whose
expectations are surveyed. The results are then aggregated in order to form a single
expectation. Figure 15 reports the survey published in October 2023, considering the
expected evolution of the HICP and HICPX indices between 2023 and 2025. In simple
terms, Figure 15 displays the forecasted evolution of the HICP and the HICPX (that is,
excluding food and energy) for the 2023 — 2025 interval, considering both Q3 and Q4
2023 data.

30 Link:
https://www.ecb.europa.eu/stats/ecb _surveys/survey of professional forecasters/html/ecb.
spf2023q3~7fb4e0b3a7.en.html#toc2
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Lastly, there are the private sector expectations, based on the research
department of investment banks, household and/or firm surveys. Investment banks’
examinations are based upon the bank’s Research department, involving professional
economists. They usually take into consideration different sets of data (both market-
based and survey-based), strongly relying on information provided by financial markets.
On the other hand, the questionnaires provided to households, companies and firms are
collected and analyzed by central banks (such as the ECB’s Consumer Expectation
Survey)3! or statistic agencies, such as the Italian National Institute of Statistics (Istat) or
the EU one (Eurostat).

It should be kept in mind that, however, it is impossible to perfectly monitor
inflation, thus it is impossible to accurately monitor private and public expectations. The
information available to the individual/firm/economist is usually heterogenous, and,
depending on an indefinite variety of factors, can be biased. A study carried out by the
Bank of England (Driver and Windram, 2007) tried to analyze expectations starting from
a structural relationship, whereas other studies tried to analyze the way past
information influence expectations (a fundamental component of firms and households’
expectation results). In fact, price expectations tend to be strongly influenced by past

information.

3.2 Why expectations matter

In the inflation targeting system, expectations play a significant role. In this respect,
having a specified inflationary target changed the way expectations are modeled.
Nonetheless, mapping and modeling inflation expectations is easier said than done. As

the famous economist Solow stressed:

“I'm always a little dubious about an appeal to expectations as a causal factor;
expectations are by definition a force that that you intuitively feel must be everpresent

and very important but which somehow you are never allowed to observe directly” *.

31 More info available here:
https://www.ecb.europa.eu/stats/ecb surveys/consumer _exp survey/html/index.en.html
32 R.M. Solow, “What we know and don’t know about inflation, 1979
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The phenomenon by which inflation expectations determine the actual dynamics of
inflation, which similarly applies for the wage-setting framework, is called “second-
round effect”, to differentiate from “first-round effects”, often referred to the higher
energy or living expenses. Well-behaved inflation expectations can produce enormous
benefits for the economy and the economics growth, bolstering the ability of financial
institutions and corporates to make stable investment forecasts.

The first analyses regarding the influence of the inflation expectations revolved
around the famous Phillips curve®3, a pillar for the medium-term macroeconomic
models, as it helps in constructing a model to analyze the inflation rate. A.W. Phillips
first noted that there seemed to be a negative correlation between inflation and
unemployment. Soon, the Phillips curve became an integral part of Keynesian
macroeconomics, even though the trade-off appeared to have dissipated after the
inflationary pressures of the 1970s and 1980s. Phelps (1967) and Friedman (1968) both
argued regarding theorical implications of expectations in determining a salary-prices
equilibrium: since wages are set on an infrequent basis, those in charge of setting the
salaries required the forecast the evolution of inflation. In fact, if the workforce believes
that inflation will rise in the future, it will ask for higher salaries to compensate for the
expected loss in purchasing power. Companies will then generate pressure on prices,
leading them to rise, and the expectations will eventually become true.

Nowadays, one of the most accredited models is the “New Keynesian Phillips
Curve” (NKPC), whose foundation relies upon the effectiveness of monetary policy. The
NKPC put rational expectations at the center of the analysis3*, and shed light on the
importance of the relationship between inflation and the output gap. Blanchard (2003)
argued that this was one of the major features of inflation targeting in the NKPC context,
which is, pushing the output to its ideal level, so that offsetting aggregate demand
shocks has more impact of inflation. One recent adaptation of the NKPC was developed

by the IMF, an included an analysis on the supply and demand factors that influenced

3 The original framework developed by A.W. Phillips indicated an inverse relation between
inflation and unemployment

34 By “rational inflation expectations” it is intended expectations based on all of the information
available to the agent whose expectations are analyzed
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post-pandemic inflation.3> The NKPC is nowadays one of the most important structural
models that study the behavior of inflation dynamics.

Every variation of the Phillips curve modelling strategy prompts to ponder the
magnitude of inflation expectations. The standard New Keynesian curve at a generic

time t is represented as follows:
M= 1* = 8 (Tepqe — ) + k(e — 7) + ue (5)

Where ; — ©* represents the deviation from inflation from the target n* at time ¢,
is the discount factor, ;.4 — 7" represents the deviation of the expectations from
the target at t + 1, k is a parameter that weights the output component. The y, — y;
element indicates the difference between the actual output and the potential output,
therefore, this is the output gap. Lastly, u; is the so-defined cost-push shock3®, and
represents the random component of this model.

The most important features of the model are presented as follows. First,
expectations are rational, and this represent one of the main ingredients of this
modeling, together with the imperfect competition of goods and labour market, and the
cost-price adjustment represented by the u; term. Moreover, this equation is strictly
correlated with the intertemporal loss function presented in Equation (3): the
expectation element included in the loss function comes directly from the Phillips curve,
as a fundamental constraint to consider when running the optimization process.
Therefore, it is always recognized that the intertemporal optimization is the core process
of the determination of the optimal monetary policy, and since expectations are a key
pillar of the model, it should not be disregarded: the minimization of the loss function is
subjected to the specification of the Phillips curve.

Monetary policy authorities monitor prices expectations, especially in the short-

run, in order to provide the best possible structural definition of inflation, to determine

35 First, Hao, “Demand vs. Supply Decomposition of Inflation: Cross-Country Evidence with
Applications”, IMF Working Paper October 2023

36 This is a change in inflation that is not deriving from pressures in the economy: it represents
the random or unforecastable component of the NKPC. These types of inflation dynamics are
represented by increase in costs of raw materials or the cost of wages
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the driver behind its dynamics and promote growth. Emphasizing the relevance of
expectations has become common practice for policy-makers. Nevertheless, it should
be noted that expectations have an impact on the economy for reasons other than the
second-round effect and wage determination, that is, financial markets expectations. In
fact, little is known about the actual determination of expectations, and even the
adjective “rational”3” stems from specified constraints set to make a prediction possible
and straightforward. Moreover, expectations tend to be extremely heterogeneous,
making it more difficult to aggregate them: just imagine the complexity of combining
expectations from the twenty Italian regions, given the enormous economical and
productive difference between the North and the South. In this sense, it is even more
cumbersome to model the expectations in the Eurozone. Therefore, market-based
expectations started to become more and more relevant, especially in the medium-long
term, since it is much more complicated to gather sound and effective expectations from
households, firms or even economist surveys for longer periods of time.

Before moving on, it would be appropriate to spend a couple of words on the
rationality of expectations. The relationship between expectations and realized inflation
depends on many aspects: in facts, inflation measures tend to be biased and reflect
unperfect information or irrational beliefs by economic agents, independently from the
rational specifications of the inflation models. Looking at Figure 16, which summarizes
the US CPI core index (black solid line), consumer’s expectations (black dashed line) and
the American SPF forecast (grey line) as well as the 2% target, it seems evident that the
economist survey tend to follow the behaviour of the actual inflation index more
accurately.

The substantial difference is found between the core CPI inflation and
consumers’ expectations, especially in the years following the financial crisis, mostly due
to systematic bias stemming from the strong reliance on past information by the
households. Consequently, even if most theories rely upon the rational specification, it
is indeed necessary to consider that irrationality influences households’ and consumers’

spending decisions, changing their perceptions on expected inflation.

37 Further information can be found on this article published by the IMF in May 2023:
https://www.imf.org/en/News/Articles/2023/05/15/sp-role-inflation-expectations-monetary-
policy-tobias-adrian
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Figure 16: Five-year ahead inflation expectations, 2000-2017, US data. The black solid
lines plot realised core inflation, the black dashed lines plot consumers’ expectations,
and the grey lines plot professional forecasters’ expectations.
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3.3 Inflation targeting and the impact on inflation expectations

Out of the most recognized benefits of adopting inflation targeting, and probably the
sole undisputed one, is the anchoring of inflation expectations around the target, with
even better results if the central bank’s mandate by the legislation is to achieve a
medium-term target range rather than a single objective. This result can be met thanks
to the commitment of central banks to pursue their mandate, and the ability of a central
bank itself to do establish a credible commitment to strive for their mandate. As

discussed, evidence was found in both emerging and developing countries.
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Reaching the inflation target can be obtained whenever monetary policy is able
to effectively impact financial markets. Therefore, it is fundamental to analyze the
impact that the central bank can generate on the real economy. “Transmission
mechanism” is a broad terminology that includes a vast variety of aspects regarding the
accountability, transparency, and credibility of the central bank. From a firm-
commitment speech, such as the renowned “Whatever it takes” by former ECB governor
Mario Draghi3?, to every other aspect influencing the impact of monetary policy on the
economy. The importance of a proper modeling of the environmental uncertainty in
which the central bank operates is not to be underestimated. Onatski and Williams
(2003) argued that, for a monetary policy to be properly transmitted, a precise
uncertainty model needs to be addressed. In this sense the successful implementation
of monetary policy relies heavily on a robust transmission mechanism to achieve its
desired economic outcomes. The idea is simple: the strongest the transmission
mechanism, the more effective monetary policy is. While central banks set monetary
policies with specific objectives, there is uncertainty regarding their direct influence on

Figure 17: Graphical representation of a schematic transmission
mechanism
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38 The full speech can be read at the following link:
https://www.ecb.europa.eu/press/key/date/2012/html/sp120726.en.html
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the economy. Therefore, the policy's impact depends on its translation within the
financial system and subsequent transmission to the real economy. For instance, when
the rates are raised, the effect on loans and interests is lagged. Other previously quoted
studies stressed the importance of this point, notably Jonas and Mishkin (2003),
Svensson (2010). Figure 17 provides a graphical representation of the transmission
mechanism available on the ECB website: as it can be noticed, expectations directly
influence the way the key interest rates affects the wage-job market and the interbank
credit sector.

Thus, there are two specific aspects that influence the transmission mechanism
and that is crucial to an effective monetary policy: the financial sector and the
expectations on inflation. The former is related to the fact that monetary policy directly
impacts the credit, lending, and investment-related industries, before being conveyed
to other sectors. The second one is more involved, but before diving into the connection
between inflation targeting and expectations, it would be appropriate to introduce this
fundamental aspect of inflation. In fact, it was only after the introduction of the inflation
targeting scheme to monetary policy that policymakers started to focus on the
importance of a proper understanding of the transmission mechanism, a key aspect of
the expectations dynamics.

What constitutes an optimal monetary policy is, unquestionably, linked to the
public and private expectations about inflation. Mishkin (2001) argued that, for the
anchoring to be more effective, a steady target is preferable to a target range. This
fundamental aspect is linked to the more controllability of inflation whenever is
anchored to a nominal target, influencing prices of tradable goods and services
produced internally. Hence, the most straightforward effect of inflation targeting, is the
alignment of public’s forecast, therefore, reducing volatility around the expectations
term used in econometric models, reducing public’s unpredictability. The result of the
explicitness of monetary policy’s goals and how to achieve them is an anchor of
expectations. Faust and Henderson (2004), Levin, Natalucci and Piger (2004) discovered

empirical evidence in both industrialized and emerging economy. Particularly, under
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some specifications®® of the loss function described by Equation (2), Faust and
Henderson proved that the limit as the time index lag approaches infinity of the
expectations equals the target represented by m*. Accordingly, the transmission
mechanism as a whole benefits from well-behaved and more predictable expectations,
allowing the 2% target to be more manageable. Suh and Kim (2021) discovered strong
evidence supporting inflation targeting in a more recent investigation. Their findings
showed that expectations were less sensitive to observed inflation rates under the
targeting framework than in the non-targeting regime.

The best result achieved by a better understanding of the transmission
mechanism and a proper specification of the inflation targeting is, indeed, the anchoring
of inflation expectations around the target. In fact, Figure 18 displays the evolution of
the expectations in the USA based on the SPF. It should be noted that there is a clear
connection between the introduction of inflation targeting and the anchoring around
2%. Therefore, targeting appears to be a main driver for expectations.

The relevance of the inflation expectations is embedded in the modeling
specifications of the NKPC and the loss function: since the expectations represent a first-
order effect, the lesser the volatility, the smoother the results. Therefore, keeping
inflation expectations volatility under control is necessary. Backward-looking
expectations, particularly, represent an obstacle to a proper transmission of monetary
policy. This effect has proved to be stronger in the short-term, given a behavioural
component that is almost impossible to forecast. It is important to remember that we
are discussing about the expectations component of inflation, not inflation volatility per
se: anchoring the behaviour of the expectations is a required precondition for stabilizing
the actual level of inflation, even if it’s not always the case, like the recent inflation surge.
This aspect is even more important in the long-run, as analyzed by a study on the

persistence component of inflation dynamics by Levin, Natalucci and Piger (2004)%° that,

39 Without entering too in depth of their model, as there exists multiple variations of the central
bank’s loss function, they specified that current inflation depends on lagged inflation. Moreover,
they state that there is an optimal balancing between inflation volatility and output gap

40 Their study focused on both IT and non-IT countries, and even though on average there was
not a significant difference between IT and non-IT adopters, in the USA and Eurozone inflation
targeting managed to anchor expectations
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once again, supported the hypothesis that IT succeeded in stabilizing inflation

expectations around the target when considering a longer timeframe.

Figure 18: Evolution of American SPF survey, 1991-2021
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Chapter IV: Inflation Markets

4.1 From monetary policy to financial markets

4.1.1 The real rate and the Fisher equation

The relevance of anchoring inflation expectations following the establishment of
inflation targeting resulted in a key breakthrough in financial economics, clearing the
way for the introduction of inflation-linked products and derivatives. There is one
specific equation whose characteristics and properties enabled the development of
these kinds or securities. Among the various mathematical equations employed in
macroeconomics and finance, Irving Fisher's (1930) split of the nominal rate into a real
rate and inflation component constitutes a major milestone around which several

models have been generated. The idea behind “Fisher’s hypothesis” (also referred to as
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“Fisher’s effect”) is that a permanent increase in the money growth leads to an increase
in the nominal rate (the policy rate set by the central bank, or a risk-free rate such as
the Bund yield) and inflation, leaving the real component stable. Nonetheless, it is
critical to establish a clear explanation of the real rate and why it differs from the
nominal rate of interest in general terms. He was one of the first to formalize the
concept of the real rate of interest, and how it impacts the economy, even if the concept
was not new in the economic literature: as an example, Bishop William Fleetwood, in
1707, conducted an analysis on the erosion of the purchasing power.

The nominal rate, which is observable, must be modified in order to account for
expected inflation to get to the real rate, which is typically unobservable. Recalling what
was defined in Chapter |, in order to grasp the actual worth of money, due attention
should be given to the purchasing power of the currency in terms of an item or a service,
or a selected price basket. Suppose | go to a bank and borrow EUR 1000 for one year to
purchase a laptop. Next year, I'll have to repay 1000 + i where i is the (nominal) interest
rate charged by the bank on the financing they provided. What I'm interested in is the
purchasing power of the money I'm returning to the bank, i.e., 1000 plus interest, in
terms of a laptop.

Thus, the nominal rate encompasses the expected inflation rate and the “real”
rate component, i.e., the actual purchasing power of the amount owed to the bank in
terms of the laptop. It would be appropriate to address the issue in these words to better
understand this critical definition. | must return (1 + i;) * P, euro next year, where P; is
the price of the laptop, | want to find what the real rate is: | am not interested in the
amount in euro per se, rather, in the purchasing power of the euro in terms of laptops
the next year. Therefore, next year | am expected to repay (1 + i) * P, / P£,4, thatis,
the amount | owe to the bank converted back in laptop terms by dividing by the
expectation of next year’s price: this is the real amount | owe. Clearly, the PZ,; term
refers to today’s expected laptop price. This result can be represented by the following

equation:

Pt

e
Piiq
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where 1; represents the real interest rate.
Rewriting and indicating the inflation expectations made at time t by mf, ,, the

final formula for the nominal and real rate is:

A+ i)=0A+r) A+ miy) (7)

Macroeconomic theory usually proxies this formula when the expected inflation rate is
not too high, which is often interpreted as a rate below 15% - 20%. In this scenario, the
relationship between real and nominal rates can be simplified this way (expressing the

formula in the nominal rate terms):

it =~ Tt + 7'[?4_1 (8)

Equations (7) and (8) are referred to as the “Fisher equation”, indicating that the nominal
interest rate is given by the sum of the real rate and inflation expectations. This is, as
stated, a crucial aspect of financial literature: whenever running an analysis involving a
certain rate of return, or interest, it is fundamental to distinguish between the increase
in the value of our asset and the purchasing power associated with it. Therefore, if
considering an interest-bearing security, the bond’s return, but expressed in real terms.

It should be noted that in normal times, even if expectations are well-anchored,
inflation is still volatile: this leads the original Fisher equation not to hold, since investors
holding a nominal return requires a premium to compensate for the extra risk of holding
a nominal security. This, defined as the inflation risk premium (IRP), is another factor

influencing nominal yields. Equation (7) in its complete form is then:

A+ i)=0A+r)A+ ng 1)1+ IRP,) (9)

An important issue with this equation must be addressed. Specifically, the timing
of the three elements is different, as indicated by many studies, notably Sun and Phillips

(2004). The nominal interest rate is, in fact, an ex-ante variable, as it is set at the
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beginning of the period. Suppose | purchase today a three-year German government
bond that yields a 2.5% return. The real yield depends upon the expected inflation: for
instance, if today the expected inflation over the next 3-year horizon is 2% (let’s imagine
that the SPF forecast reflects the ability of the monetary authority to reach the inflation
target), my real return will be just 0.5%. In fact, some economists often refer to r; as
r&p1, indicating that that is the real return available at time t + 1, as it depends on an
expectations component stemming from the inflation element. Therefore, given that
inflation is an ex-post component of the equation and the real rate relies on the inflation
that realized over the period, the nominal rate, that is an ex ante variable, is then the
sum of two ex post elements. The time inconsistency is an issue that needs to be
addressed when considering the real return of an investment or an interest-bearing
security, either fixed or floating. In this sense, there is a vast literature revolving around
the empirical test of the Fisher effect, for instance, Sun and Phillips (2004) again
concluded that ex post variables can be interpreted as unpredictable or random
observation of ex ante data. In addition, what truly matters is that when expectations
are stable, it is easier to forecast the real return over the analyzed time horizon: this is,
as analyzed in Chapter Il and Chapter Ill, connected to the impact of inflation targeting.

Nevertheless, there are two major interpretations of this essential equation, one
macroeconomic, and the other financial. Speaking in macroeconomic terms, the real
yields should reflect the growth observed in a certain economy’s productivity. As a
consequence, what central banks look at is the equilibrium real interest rate, or natural
real rate, that is, the real rate that is equilibrates the economy in the long-run, being
directly connected to the growth of the economy. (Canty, Heider, 2012). This is often
called r star (r*)**. Without delving into this complicated aspect, it is worth mentioning
that policymakers take into consideration not just the nominal variables (in this case,
the policy interest rate, or the nominal GDP), but also the purchasing power associated
with it, therefore, the real rate. The natural rate of interest represents the core of
modern macroeconomics, being the key connection between the aggregate demand

(the IS curve) and the inflation Phillip’s curve: r* is the natural rate that allows the output

41 As an example, have a look at the dedicated page on the Federal Reserve’s official website:
https://www.newyorkfed.org/research/policy/rstar. Other info can be found on this paper
released by the ECB: https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op217.en.pdf
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to close the output gap and stabilizes inflation, such that monetary policy is neither
restrictive nor expansionary. Thus, central banks track r* as a part of their monetary
policy analysis.

On the other hand, from the financial perspective it is important for an investor
to understand that amongst the factors influencing their return, inflation is a variable to
be reckoned with. In this sense, the real yield can be interpreted as the return on an
investment when accounting for inflation. Not including the expected and then realized
impact of inflation is a common bias, stemming from a general complexity in
distinguishing nominal and real variables. This bias is defined “money illusion”, that is,
the incapacity and tendency to not being able to differentiate between real and nominal
monetary values (Shafir, Diamond, Tversky, 1997). If an investor’s savings yielded a 5%
return over a certain 1-year period but inflation turned out to be 6% yearly, then the
purchasing power of the investment eroded. Indeed, the importance of this issue cannot
be overstated: even though the positive return partially protected you against inflation

(1% loss in purchasing power is better than 6%), the real return is negative.

4.1.2 Introduction to inflation markets

To safeguard an investor's yield against inflation, inflation-linked instruments and
derivatives were created and began to be exchanged in financial markets, at the heart
of which lies the Fisher equation. The idea is that real returns for interest-bearing
securities better qualifies for indicating the intertemporal exchange of resources
embedded in the debt obligations, coping with one of the issues stemming from
inflation, as stressed in Chapter I. The purpose of this Chapter is to delve into the
peculiarities of inflation-linked bonds, and on the most traded type of inflation-linked
derivative, the zero-coupon inflation swaps. Nowadays, the total size of the inflation-
linked bonds (also called linkers) amounts to roughly 3 trillion dollars*?, as it has
experienced an enormous growth in the last decades, especially from the early 2000s.

However, it should be noted that linkers are not a new product: the State of

42 UBS Asset Management Research. Link: https://www.ubs.com/content/dam/assets/asset-
management-reimagined/global/insights/asset-class-perspectives/etfs/docs/inflation-linked-
bonds-explained-en.pdf
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Massachusetts, in 1790%, issued the first known security whose principal and interest
were linked to inflation. Moving on, the linkers as we know them today appeared only
recently in financial markets. For instance, in the US they appeared in 1997, when the
first Treasury Inflation-Protected Security (TIPS) was auctioned by the US government,
following years of growing interest in this type of financial instrument. From the end of
the 1990s to the beginning of the 2000s most developed countries started issuing
linkers. For instance, The UK issued their first ILB in 1984, New Zealand in 1995 and ltaly
in 2003. This also led to an increase in the interest in the derivatives market, with options
and swaps to hedge these securities, or with asset swaps to change the nature of the
cash flows.

Inflation markets are characterized by two categories of investors, namely
inflation payers and inflation receivers, depending on the cash flow type that the
investor aims to safeguard. The idea behind this type of financial instrument is that we
have one party paying inflation (expressed in terms of a specified price basket) to the
other one. Figure 19 provides an overview of the actors operating in the inflation

markets.

Figure 19: Inflation markets participants
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% More information on the “Depreciation Notes” can be found in Fisher (1913)
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Inflation payers, such as governments of sovereign entities, typically receive

inflation in their normal business, might be interesting in:

1. Protecting their nominal cash-flows from the risk of inflation with a natural
hedge against inflation spikes;

2. Real returns rather than nominal returns;

3. More interested in paying lower initial cash flows in periods of shortage (to
which larger payments will follow);

4. Diversification purposes.

On the other hand, inflation receivers, as they typically pay inflation in their natural
business cycle, require receiving inflation (examples are pension funds or asset
managers). Another reason on why to invest in such markets involves expressing a
particular view over the evolution of the inflation, that is, speculating that inflation will
increase or decrease. Lastly, spotting arbitrage opportunities, such as a mismatch in

inflation products pricing, might lead skilled investors to profit from such openings.

4.2 Inflation-linked bonds

4.2.1 Reasons behind the issuing inflation-linked bonds

Before starting the discussion on the main properties and generalities of the inflation-
linked bonds, a few words ought to be spent on the reason behind the issuing of such
debt securities by governments.

Initially, at the inception of the modern-day version of linkers, there was the
government’s attempt to seize the opportunity to attract the savings of investors
interested in the inflation expectations environment. Following two decades of
discussion on how to address the inflationary pressures of the 1970s and 1980s that
eventually led to the introduction of inflation targeting, as stated in Chapter Il, some
governments tried to grasp the willingness of investors to protect their cashflows from

inflationary pressures during the lifespan of the investment. This came hand in hand
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with the renewed credibility towards the central bank activity and the stabilization of
inflation and inflation volatility due to the impact of inflation targeting. Funding
strategies are always looking for new ideas to gather savings and issue new debt and
exploiting the rising appetite for linkers demonstrated to be a successful strategy. This
result is achieved thanks to the social benefits provided by the ILBs that exceed the
budgetary discussion.

In relation to the budgetary needs of a government, it should be said that
maximizing the debt’s reach by broadening the investor base is crucial to reduce the cost
of funding. That is, indeed, another benefit from issuing linkers: the real coupon is lower
than a nominal one in result of the investor’s willingness to ask for a premium to protect
against inflation. Therefore, the cost of funding is reduced at the beginning of the
investment. This rationale has largely been adopted by sovereign and Treasury issuers
to justify such securities. In this sense, several studies, notably Garcia and van Rixtel
(2007) argue that issuing inflation-indexed bonds reduces the inflation risk premium
embedded in the nominal debt.

Taking the point of view of a government’s policies to tackle inflation, and not of
the central bank, issuing an inflation-linked security acts as a signaling effect that the
nation’s Treasury puts its faith in the strengthening of the economic system through the

fiscal policy. In fact, this represents another rationale behind the issue of linkers.

Figure 20: Composition of Italy's outstanding debt, 1993-2023
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Whenever a government issues ILBs, market agents might interpret this choice as the
government’s commitment to tackle inflation in the long-term, by assuming the risk to
pay huge cashflow uplifts in case of high inflation. It works like a bet, that is, if inflation
is controlled and tamed, then the government might benefit from issuing this type of
obligation instead of just nominal government bonds.

Diversification benefits were mentioned as one of the main reasons for the
presence of inflation securities in financial markets. In a nutshell, is better for the
government to have a diversified liability balance to tackle different moments in the
business cycle. For instance, when growth is weak, little pressure should be expected on
prices. Considering this, linkers allow for the correction of obligations by their proper
nature. Given that the majority of the government's inflows are from taxes, which
reflects inflation and real economic development, it would seem sensible to have a part
of liabilities linked to inflation. A considerable portion of the government’s income is
virtually connected to inflation: offsetting the impact of inflation on the balance sheet
and the income statement is achievable thanks to inflation-linked bonds. The graph
contained in Figure 20 provides with the evolution of the Italian debt composition from

1993 to September 2023, highlighting the evolution of the share represented by linkers.

4.2.2 Generalities

To begin the discussion on the main properties of linkers, it is fundamental to break
down the main differences with respect to a “standard” nominal bond. Firstly, the
coupons are, as said in the previous subsection, defined in real terms rather than in
nominal terms: this means that inflation-linked bonds are, in fact, floating bonds whose
coupons depend upon the evolution of the selected inflation index. In addition to this
aspect, the principal is likewise accreted with inflation, and the final repayment will be
100 * the evolution of the price basket. The principal itself is expressed in real terms.
Thus, there is an additional layer of uncertainty revolving around these bonds, making
them different not just from fixed-income bonds but also from floating-coupon ones, as
none other bond grants an uplift upon the coupon. Clearly, considering that the linker’s

aim is to protect the investor’s purchasing power, the principal being revalued is a
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cohesive and logical characteristic of linkers, as it compensate for the inflation observed
during the life of the bond. This is a crucial component of our analysis: both the coupons
and the principal are expressed in real terms and are revalued over the life of the bond,
with inflation representing an uplift.

Therefore, the paramount aspect that enable to distinguish between an ILB and
a nominal bond is that for a linker the real return is known at time of purchase, whereas
for a nominal bond the real return is known at maturity by subtracting the inflation
component. As opposed, the nominal return of a linker is unknown at maturity, whereas
it is known at the beginning of the investment for a nominal bond holder. Figure 21
provides an exemplification on this matter, comparing the evolution of the real
cashflows of a nominal bonds (adjusted with a 3% annual inflation) with a similarly

structured linker.

Figure 21: Real cash flows of an ILB and a nominal bond, assuming 10-year tenor and
3% annual inflation.
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Source: Canti, Heider (2012)

When a linker bond is initially issued, the common practice is to follow the so-

called “Canadian approach” to compute the price of a linker. Firstly, we need to define
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a basic idea of an “index ratio”. To compensate inflation, the bond’s cash flows are

multiplied by:

It

IR, = (10)

Ipase

where [ is the price index selected to monitor inflation and IR is the index ratio, i.e., the
evolution of the price index from the base time to time t . The general equation to obtain

the full price of a linker at its inception would then be:

_<¢
(1+y)t

100

P = YtealIRe * * T

1+ IR, (11)

where P is the price, C is the (annual) coupon, 100 is the principal and y is the nominal
yield to maturity. Instead of discounting the bond’s cash flow with the nominal yield to
maturity (from now on, YTM), we instead use the real YTM, as inflation has not started
accreting yet: this is achieved by dividing both cash flows by the index ratio which, being
the inflation component, allows us to use Equation (7) to simplify. The formula is

expressed as follows:

J— c 100
b= Zt=1(1+r)t+ (147)m

(12)

where r represents the real YTM. In this scenario, no assumption needs to be made on
the evolution of inflation: these are the same metrics used for nominal bonds: this is the
main principle of the Canadian model. Figure 22 represents the capital cash flow

modeling of a linker.
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Figure 22: Linker cash flow structure.
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4.2.3 Indexation, deflation floor and duration

The analysis becomes more complicated when dealing with bonds that have already
been issued. In this case, to separate from the clean price and to get to the “dirty” price,
not only the accrued interest has to be computed, but also the accrued inflation
observed during the relevant timespan. When inflation has already started accreting,
the price of the bond requires an adjustment that is obtained via accounting for the
index ratio. Therefore, when trading ILBs, it is important to recall that the price “on
screen”, i.e., the price presented on brokerage platforms, does not include the inflation
compensation from the bond’s issuing to the day in which the transaction takes place.
Having examined the issue at a basic level, it is now feasible to explore the
intricacies of the indexation component. The choice of the appropriate price index to
monitor inflation is pivotal for the construction of an inflation-linked bond. There is a

whole literature revolving around the choice of the proper price index to monitor
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inflation. Factors influencing the choice of the index comprehend how many times is the
price index subject to revision (clearly, the lower, the better), and whose clauses
regarding possible evolution of the index are encompassed within a specific prospectus.
For the purpose of clarity, this matter will be disregarded.

Thereafter, regardless of the index used, what is actually significant is that
inflation compensation happens with some kind of lag. There are two reasons behind
this aspect: first, it is impossible to daily monitor inflation. Statistic bureaus in charge of
composing inflation indices require the necessary time to gather data, aggregate them
and publish the updated index level. Secondly, because of the accrual component when
inflation securities are traded in the secondary market. The Canadian model proposes a
solution to minimize the indexation lag. This framework uses a linear interpolation
scheme between the published index values for two consecutive months in the past. A
“Daily Reference Index” at time t , or DRI, is then constructed, in order to provide a
simple path to increase the cash flows with the inflation compensation. The DRI is

computed as follows:

(d-1)
D,

DRIgm = Ip-3 + * (-2 — I;m—3) (13)
where:

e d is the settlement date;

e [, _5istheinflation index 3 months before the settlement date;

e [, _, istheinflation index 2 months before the settlement date;

e D, isthe number of days in the current month m .

Hence, for any day d and for each month m, it is possible to provide a value of the
inflation that needs to be added to adjust the real cashflows to obtain the nominal ones

at each trading day. Defining DRI, . as the DRI computed at the inception of the bond,

the index ratio, IR ,,, for each day now becomes:
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DRIgm

IR = —
d,m DRIpgse

(14)

Different methods were proposed to solve the indexation problem for computing the
actual price of an inflation-linked bonds, but this one became the most popular for its
simplicity, making it the standard. The Canadian indexing approach** is used both to get
to the full price and to accrete inflation whenever coupons are paid out to investors. It
should be highlighted that inflation compensation is not a perfect hedge, due to the lag
between the time at which inflation is computed and when inflation protection is paid
out. That is the major drawback of the uplift mechanism, however, a flawless protection
is impossible to achieve.

The second specification that needs to be addressed regards the embedded

deflation floor that protects the principal repayment from the risk of deflation, that is:
Principal = Max [100 = IR, ,100] (15)

This particular feature, although not a mandatory aspect of linkers, may also apply to
coupons. The rationale behind this option*® is that it would be illogical to create a
security whose goal is to protect the purchasing power of the investor during the
investment’s duration that is sensitive to a reduction in the value of the investment.
Following these two aspects, the full dirty price of an inflation-linked bond is

computed as follows:

Pg,m = IRd,m * (Pd,m + ACd,m) (16)

In this case, Pgm represents the overall dirty price, Pd,m is the “screen” or clean price

from Equation (12), ACd,m is the accrued coupon. In the end, the index ratio represents

a core component of inflation-linked bond actual pricing. As already mentioned, the

4 1t is worth mentioning that, generally, both the DRI and the IR are truncated to the fifth
decimal

% The functioning of the deflation floor is de facto similar to an option contract, as it can be
seen from the payoff reported in Equation (15)
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most important peculiarity of inflation-linked bonds is that the coupons accrete over
time, on account of the effect of inflation. Moreover, the principal paid out at maturity
compensate for the inflation over the whole investments. Since the size of the cash flows
increase over time, thus are lower at the beginning with the balloon payment at
maturity, duration will be higher for a linker than a comparable nominal bond. For such

Ill

comparison to actually make sense, the nominal “conventional” bond and the linker
must have been issued by the same entity and must have the same maturity. To
conceptualize graphically the issue, Figure 22 presents a comparison between the
cashflows of a linker and a nominal bond with an example.

As a consequence, the weighted average maturity of the cash flows considering
a newly issued ILB and nominal bond is longer than the comparable conventional bond.
This aspect leads to important considerations for portfolio management and investment
purposes, adding a layer of complexity for the investors trading these types of securities.
As duration also represents a cohesive measure of price sensitivity with respect to a
change in yields, when considering an inflation-linked bonds it firstly needs to be
specified whether to compute the sensitivity to a change in the term structure of real
yields or nominal yields. Nevertheless, comparing the duration of a linker with that of
the comparable nominal counterpart would be inappropriate, given the liquidity

difference in the two instruments, and the risk premium asked for by nominal bond

holders. Talking about the liquidity aspect, ILBs are less liquid instruments than nominal

Figure 23: Cashflows of a linker vs cashflows of a comparable nominal bond
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bonds, mainly because there are less linkers offered. This results in a liquidity premium

being asked for by investors holding inflation-linked securities.

4.2.4 The breakeven concept

Market-based expectations on inflation were included in the list of sources that enables
to determine how agents perceive inflation back in Chapter Ill. One of the easiest and
most direct ways to obtain data on market expectations is through a comparison in the
yield of a nominal bond versus the real of a similar inflation-linked bond. This difference
is called breakeven inflation rate (BEIR), often referred to as just breakeven inflation (BEI)
when discussing inflation. It can be interpreted as theoretical inflation rate that equates
the yield of the nominal bond with the real one. Breakeven inflation, in its most simple

form, is defined as follows:

(1 + nominal yield ) = (1 + real yield) (1 + breakeven inflation) (17)

Indicating with y the yield*® of a nominal bond, with r the real yield of a comparable real
bond and BEIR the breakeven inflation, we obtain the following Equation (18) for every

available maturity by means of the Fisher equation as follows:

BEIR, = y{* — y{ (18)

where y{* indicates the yield (usually the YTM) of a nominal bond and y;* the yield of a
real bond with similar characteristics to the nominal one.

What does this difference inform us about? First of all, it is a relevant measure
for addressing inflation expectations in the market, even if this idea requires a
specification that will be defined in the following paragraphs. As Equation (12) indicates,
the real yield is computed without considering the inflation uplift on the coupons and
the principal. Therefore, in theory the on-screen return of a linker is just a

representation of the real yield of the nominal bond with same characteristics and

% |n this case by yield is intended either the YTM or the spot yield derived from the yield curve
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maturity. By subtracting the real yield from the conventional nominal bond, it is possible
to obtain the Fisher’s compliant assessment of raw market-based inflation expectations.
Figure 24 provides a graphical comparison between the 10-year BEIR in Italy from 2009
to 2022.

Figure 24: 10y Breakeven rate in Italy, 2009 — 2022
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Secondly, considering the two yields as a total return measure of the investment in the
two securities, comparing the BEIR with the actual observed level of inflation indicates
which investment has yielded a higher return. Considering a market with no arbitrage
opportunities, and ignoring other factors influencing the BEIR, if inflation for that period
is higher than the BEIR, then the nominal bond yields a higher return. On the higher
hand, a BEIR higher than the actual inflation makes the linker a more attractive
investment. The difference between inflation and the BEIR is predicted to converge in a
market defined by rational investors and free of arbitrage possibilities. For instance, an
inflation rate higher than BEIR should drive the nominal bond’s demand higher, pushing
up prices and thus lowering the yield so that the BEIR converges to the actual level of
inflation. On the contrary, this would create selling pressure on the ILB, closing the
spread to zero.

Central banks and economists constantly monitor breakeven rates across
different national or sovereign issuers for their monetary decisions regarding the

inflation targeting objective, as they represent the best source for market expectations.
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However, it is essential to point out that using the breakeven rate as a real measure of
unbiased market expectations is not totally true. Since breakeven rates are the result of
a difference deriving from the pricing of financial instruments, it reflects two different
aspects that are quite problematic to measure: the inflation risk premium and the
liquidity differential between the nominal and the indexed bond. A precise and correct
expectation derived from bonds is not a simple task. To solve this issue, it is necessary
to examine the common components of a government bond. A nominal bond's yield at

any maturity can be split down into:

vyt = 1.+ nf + IRP, + LP!* (19)

where 1; is the real yield, 7§ is the expected inflation level. A specific analysis would
require separating the real component of a bond’s yield into the short-term real rate
and the real term premium, with the latter being a premium added for investing in a
longer-maturity bond. For the purpose of simplicity, they are aggregated into only one
factor. Equation (19) is derived from Shen and Corning (2001) and Barr, David, Campbell
(1997).

The two other components are what concerns this type of analysis. Firstly, IRP;
is the inflation risk premium for the specific maturity: it is a premium asked by the
investor for bearing the risk of inflation. This is one of most important drivers behind the
yield curve of nominal bonds: during normal times, the curve is upward sloped, which
means that the higher the maturity, the higher the yield. Investors ask for inflation risk
premium to compensate for the risk of bearing the uncertainty of their real return
coming from inflation volatility in the long term.

On the other hand, LP[ is the liquidity premium demanded for that specific
bond. The understanding of second this kind of premium might be less straightforward
than the inflation risk premium, nonetheless, it can be interpreted as the risk to incur in
losses when trying to buy or sell that specific bond, as opposed to holding a liquid asset
that offer identical future cash flows. The most direct way to analyze a bond’s liquidity
is by looking at the bid-ask spread. It is now time to discuss the elements that influence

the yield of inflation-linked bonds, as reported in Equation (20):
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yi =1+ LP} (20)

Clearly, LP] represents the liquidity premium for the linker bond, that is, usually, higher
than premium asked by nominal bondholders. Since it is a real yield, inflation is not
included in the yield, and there is no IRP since the scope of an indexed bond is to protect
the investor’s real return from inflation. Having specified the drivers of the nominal and
inflation-linked bonds, it is now possible to decompose the breakeven inflation rate into

the following factors:

BEIR, = y! — yI = nf + IRP, — ALP, (21)

Thus, three elements influence the breakeven rate:

e The inflation expectations, represented by the ¢ term;
e The inflation risk premium on nominal bonds, that is the IRP;;

e The liquidity differential between the linker and the nominal bond, — ALP;.

An important aspect to consider is that the minus before the liquidity differential is a
consequence of the higher premium demanded by ILB holders. Therefore, whenever the
BEIR is higher or lower than expected inflation derived from other sources, that can be
attributed to the impact of the risk premium and the liquidity spread between the real
and the nominal bonds. The impact of the inflation premium is to push up inflation
expectations, whereas the liquidity spread drags the BEIR down: since they produce an
opposite effect on the BEIR, they are quite cumbersome to analyze and decompose.

Aside from these factors, the other drivers of market expectations are:

e Quantitative easing / tightening announcements;
e Monetary policy decisions;

e Inflation forecasts;

e Currency effects;

e Qil and other key commaodities.

68



Figure 25: Breakeven inflation at different maturities
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A breakeven “term structure” can then be computed by subtracting the spot real curve
from the spot nominal one. This is an index-linked derived inflation yield curve, and as
for any spot curve, a forward term structure can be derived from it. For instance, one
measure of inflation derived from breakeven curves is the 5y5y forward, that is, the
expected inflation for the five-year period beginning in five years. Figure 25 represents
a hypothetical graphical example of the term structure of the BEIR, as the spread

between nominal and real yield term structures.

4.3 Inflation swaps

4.3.1 Notions on the inflation derivatives market

There exist different types of inflation derivatives. The idea is to create a contract

between two parties in which the underlying value that determines the pricing and
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mark-to-market of the derivative itself is an inflation index. Inflation derivatives
contributed to making the inflation markets more complete, since now there are
multiple ways for borrowers and investors to protect their assets from inflation risk, or
to bet on the future evolution of prices. They started to be traded in the first 2000s in
Europe and the United States and became very popular ever since. The primary purpose
of these derivatives is to control inflation risk directly; nevertheless, this is not the only

function. These are the main drivers of investing in such securities:

e Hedge inflation risk;

e Hedge inflation-linked bonds;
e Market timing;

e Portfolio management ;

e Speculation and arbitrage opportunities.

The two most common types are inflation swaps, notably the zero-coupon ones, and
inflation options. In this thesis only the inflation swaps will be analyzed, as they
represent the most traded type of inflation derivatives. Furthermore, they are more
closely related to inflation-linked bonds than other derivatives, considering that asset

swaps on inflation-linked bonds are a typical means for traders to invest in linkers,

Figure 26: Swapped ILB issuance
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recreating a government bond or of credit analysis purposes. Or, by means of an
inflation swap and a nominal bond, it can be created a synthetic inflation-linked security.
Figure 26 provides an example of a sovereign issuer (ILB issuer) who hedges away the

inflation cash flow with another counterparty, in this case, a bank.

4.3.2 Main properties of zero-coupon inflation swaps

Zero-coupon inflation swaps (ZCIS) are the most traded derivative product in the
inflation markets: they are considered, in fact, as the basic vanilla inflation derivative.
These contracts are traded over-the-counter (OTC) and are starting to become cleared
by the major clearing houses: they can, therefore, be adapted to the payer/receiver
requirements, in terms of the type of inflation index to swap in the derivative, maturity
and other aspects. They resemble a standard interest rate swap (IRS), with the two

major differences, being:

1. A fixed interest rate is not exchanged for an interbank rate, such as the
Euribor or €STR rates, but for an inflation index;

2. There is only one exchange of cash flow at maturity.

Clearly, inflation swaps (IS) that are not zero-coupon are characterized by a periodic
exchange of cash flows during the lifetime of the derivative, depending on the
specification of the contract. As stated, for simplicity purposes, only the ZCIS will be
studied in this section. The mechanism of ZCIS is basic: an inflation payer agrees to
exchange one bullet cash flow connected to realized inflation to an inflation receiver,
who in turn pays a fixed cash flow decided on the inception of the contract, that is the
price of the derivative. This fixed rate is called inflation swap rate?’, and it is also the

breakeven rate. To determine this rate, it ought to be equated the cash flow of the

47 Important aspect: the inflation payer is the party that pays inflation, whereas, the swap
payer in a standard IRS is the party that agreed to pay the swap rate. There is a difference
between these two types of securities
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inflation with a rate established at the beginning of the contract period. Figure 27

exemplifies the two cash flows.

Figure 27: ZCIS cashflow structure
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Source: Schofield, Bower (2011)

Let us now represent the mathematical framework to properly express this
concept by determining the actual transaction value swapped by the two
counterparties. The amount exchanged by the inflation receiver is given by Equation (22)

as follows:
N*x[(1+ sp)™—X] (22)

where N is the principal, X is an indicator variable that is equal to 0 if the principal is
swapped at the beginning and 1 otherwise, s; is the swap rate and k is the maturity. On

the other hand, the inflation payer agrees to pay the following single cash flow:

N« [l X] (23)

Te—y

where [ is the price index at time t — [ (inception) and time t + m — [ (maturity)
respectively. Here, | indicates the indexation lag, that resembles the mechanism
adopted for linkers. In fact, they are priced and traded following a lag, for the same
purposes defined in the ILB subsection. To get to the value for the swap rate, we need
the set of information available on inflation at time t, represented by E [ I;4,,|Q¢]. Thus,

at inception, the contract has a net present value (NPV) equal to O if:
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_ [ EUeem-tlQ] [m _
St = [ e ] 1 (24)

Thereafter, as it can be noticed, the inflation swap rate s; is the single interest rate that
embeds the future inflation expectations for the specified maturity. This means that the
swap rate equals the annualized level of inflation during the lifetime of the contract. As
opposed to the inflation-linked bonds case, where the breakeven is the spread between
two vyields, no computation is required to obtain the breakeven rate, as the swap rate
reflects markets expectations by itself. The second, albeit less common, type of ZCIS is
represented by the so-called real rate swap, in which the inflation leg is exchanged by
an interbank rate plus a spread, but it is a much less liquid instrument compared to a

standard ZCIS. It allows us to directly observe the real component of the swap.

4.3.3 Breakeven term structure and real swap rate

In the case of inflation swaps the real swap rate, that is, the real interest rate component
of such derivatives, can be computed in the inverse way as opposed to inflation-linked
bonds. The breakeven inflation is de facto the price computed for the swap and is the
direct interpretation of inflation expectations regarding inflation derivatives. Figure 28
presents the Eurozone breakeven rate for swaps. In this case, EUSWI is a weighted

average index of EUR ZCIS at different maturities, aggregated by Bloomberg.

Figure 28: Inflation swap rate, eurozone, 2005 - 2022, maturities 3, 5 and 10 years
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As is evident, there clearly is a similar pattern followed by the breakeven rates, even if
differentiated by the maturity. The longer the maturity the stronger the anchoring effect
to the target: in the long-term inflation volatility is expected to be more well-behaved.

It would now be appropriate to compare the 10-year breakeven rate from linkers (in this
case, German government bonds) with the 10y inflation swap index, as reported in

Figure 29.

Figure 29: 10y breakeven inflation rate, EUR ZCIS and German nominal - inflation
bonds, 2009 - 2022
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From inflation swap rates is possible to determine the inflation swap curve, that
is the term structure for the underlying inflation index at different maturities, just like in
the case for bonds. The difference is given by the fact that the curve constructed from
ZCIS is already a spot curve, being constructed by using zero-coupon rates. From this
curve is then possible to obtain again the forward inflation curve, from which the 5y5y
rate is computed. Thanks to the presence of forward rates, forward ZCIS are another
inflation derivative that is traded in the markets. Boninghausen, Kidd and
Vincent-Humphreys (2018) provided with an explanation of the importance of forward
rates derived from inflation breakeven yield curves, stressing about the importance of

expectations as a cross-check for ECB forecast and assessment of the transmission of
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monetary policy. They identified the inflation risk premium as one of the major drivers
behind breakeven rates, especially for the 5y5y forward swap rate.

Another fundamental topic to consider is the real swap rate. By subtracting the
inflation swap rate to the nominal swap rate, as shown in Equation (25), it is possible to

determine the real component of a m-maturity swap. In fact, following the Fisher’s

equation:
™ _ (m)
Smt = Smt ™ Smt (25)
where s(r) indicates the real swap rate s(n) refers to the nominal swap rate and s(m is
mt p » Smt p mt

the inflation swap rate, all of them referred to the same maturity m at time t. For such
difference to make sense is crucial that the underlying elements of the two swaps are

the very same.

Chapter V: The Breakeven Expectation Hypothesis

5.1 Defining the Expectation Hypothesis

The empirical analysis on breakeven rates during the latest decades studied how
different economic variables influenced not only the nominal or real rates, but also their
breakeven spread. The most crucial and complex ones were centered on the “elusive”
inflation risk premium and the liquidity premium, and how these factors influence the
BEIRs at different maturities. The purpose of this last Chapter is to test the expectation
hypothesis (EH) on German and Italian government inflation-linked and nominal bonds.
This hypothesis, originally conceived for nominal bonds and later adapted to inflation-
linked ones as well, states that the return on long-term bonds over short-term ones is
constant over time, whereas the joint expectation hypothesis (JEH) indicates that the
breakeven return of a long-term nominal breakeven portfolio versus a short-term one
should not be time-varying. Rejecting this hypothesis would demonstrate the presence
of premia, notably the already mentioned term premium, inflation risk premium and
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liquidity premium, to influence breakeven rates along the yield curve. This would be a
direct consequence of the impact of inflation expectations. Therefore, rejecting the
implications of the EH and the JEH would confirm the discussion on the expectation
presented in this thesis, as they produce a different impact on bond returns and
breakeven rates according to the maturity.

To analyze the JEH, it is crucial to define the EH for nominal and inflation-linked
bonds. The notation used closely follows Pflueger and Viceira (2011), who were among
the first to adopt the expectation hypothesis to ILBs, that is based upon Campbell, Lo,
MacKinlay (1996). The difference is that in this research, “standard” returns were used,
instead of log ones, since the data on the yield curves has been downloaded from
Bloomberg. The return on a m-maturity nominal bond (defined by the superscript 1) at

time t is defined as y,r,ll,t, whereas the return on a zero-coupon m-maturity bond that

is invested in or held for one-period only is defined as reported in Equation (26):

met1 =MYpne— (M —1D)ym 1441 (26)

Following Pflueger and Viceira (2011), J’1rrlz—1,t+1 is proxied by Y1Trlz,t+1r that is, the m-

maturity return observed after one period (so, t + 1).
According to the EH, the expected excess return on long-term bonds over short-

term ones, also known as the bond or term premium, remains constant throughout time
and is determined by maturity m. In mathematical terms, this is defined by an

expectation, and is formulated as follows:
n n —
Et[hm,t+1 - }’1,t] = Uup (27)

where y{ft is the return for a 1-period bond, and U}, is the nominal bond risk premium,

possibly dependent on the maturity 772. It is worth mentioning that preliminary studies
on the EH concluded that the nominal excess return was predicted by the nominal term

premium, notably Fama and Bliss (1987).

76



To test the EH, is necessary to run the following regression:
n n __ n n-n n
hmir1 — Yie = a" + B"Spme + €41 (28)

In this regression, S,rrll,,_. refers to the simple spread between the long-term and the short-
term bonds. The idea is to test this spread against the excess return of long versus short-

term bond, that is the h,r,ll’H_l - y{ft difference, for one period. The test is carried out

by imposing [)’n = 0 under the null hypothesis, indicating that the intercept a™ is

representative of the ufn term. We can conclude that rejecting the null hypothesis
reflects the fact that the term premium varies over time, and other factors influence the

spread.

5.2 The real EH and the joint expectation hypothesis

The real expectation hypothesis is the adjustment of the standard EH to be adopted to
inflation-linked bonds. Luckily, the matter is trivial: since the ILBs are traded in real terms
disregarding the accrued inflation, as stressed Chapter IV, it is possible to adapt
Equations (25) — (28) by substituting the superscript 1 with 7, following the notation
used for inflation-linked bonds and inflation swaps. It is now easy to rewrite the EH

equation as follows:

E| hperr — Yie] = um (29)

Now, to test the real EH by following the same approach presented for the nominal case,

the regression is rewritten as follows:

T T — T T &7 T
mit+1 — Yie = @ + B'spe+ &4 (30)
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The rationale is the same as in the nominal-bond case: the left-hand side of the equation
is the excess return for holding an inflation-indexed long-term bond against a short-term
one for one period. Rejecting the null hypothesis ﬂr = ( indicates that different factors
might influence the spread between the long and the short-term yields on real bonds,
and that the term premium is time-varying or nonstationary. Therefore, a non-zero ﬂr
coefficient reflects the impact of different variables, violating the expectation
hypothesis.

What is actually interesting about the real EH is the fact that it allows for a joint-
test of the nominal and real returns by means of the breakeven rates. As the BEIR can
be interpreted as the equilibrium inflation rate that, if observed during the investment
lifetime, would equal the yield of a nominal bond to the yield of a real bond. Equation
(21) presented the standard literature decomposition of breakeven rates, and it is logical
to believe that since these variables change over time the EH shouldn’t hold. For
instance, imagine the impact on financial markets of a change of the target by the central
bank, or the announcement of a new block of quantitative tightening/easing, or a
sudden spike in food or energy inflation, in accordance with the discussion on the impact
of monetary policy on expectations. All these possible determinants would lead the
breakeven rate to shift across the curve, as reflected by the breakeven spread, as

investors’ expectations change.
Recollecting Equation (18), we define the breakeven rate at time t for a generic

maturity m as:

BEIRpw: = Ymi = Ymt (31)

Now it is possible to derive the equation for the breakeven spread, indicated by the Sﬁl,t

term:

st . =BEIR,,, — BEIR,, (32)
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The breakeven spread is an important factor that enables us to observe the shape or the
curvature of the breakeven yield curve. Just like for standard bonds, an inversion of the
yield curve is easily identified whenever the yield of long-term bond is lower than short
term ones. In the long run expectations, macroeconomic policies and many other
variables play a significant role in influencing prices, thus, returns.

We can now define the joint expectation hypothesis (JEH) by adapting the excess
return, represented by the h variable, to the breakeven rate. Therefore, the excess

return on breakeven inflation rate is constructed as follows:

hYy, = (h:ln,t+1 - J’ft) - (hfn,m — J’1r,t) (33)
or alternatively:
h?,1 = mBEIR,,; — (m — 1) BEIR;,_; ;41 — BEIR,, (34)

It is worth mentioning that, if we assume the inflation risk premium and the liquidity
premium to be constant over time, the only element left to influence the longer-term
BEIR is a constant and the expectations upon the level of inflation.

The subsequent regression can be used to test the joint expectation hypothesis:
b b bb b
hivi = a” + B7Sme + €44 (35)

If the inflation risk premium /RP and the liquidity premium ALP change over time,

then the null hypothesis ,Bb = 0 should be rejected. If the regression slope is different
from zero we conclude that the JEH is rejected. This eventuality indicates that those who
invest in the ILBs market are exposed to the three defined premia, namely the inflation

risk, liquidity risk and interest rate premia.
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5.3 Testing the joint expectation hypothesis

5.3.1 Data and methodology

This subsection describes the dataset and the methodology used to test the nominal and
real EH, as well as the joint EH. Firstly, the test has been conducted on both German and
Italian government bonds. All the following data regarding the nominal and real yield
curves was retrieved through Bloomberg, whereas the inflation and SPF data was
downloaded from the Eurostat and ECB data portals. For the long-term bond, the most
reasonable choice was to select the 10-year on-the-run government bond, as it
represents the market benchmark, for Germany and Italy. Thus, respectively, the 10-
year Bund (Bund fiir Umwelt und Naturschutz Deutschland) and the 10-year BTP (Buoni
del Tesoro Poliennali). As for the short-term nominal bond, the selected maturity was
the 3-month, as both countries issue such notes (Bubill*® and BOT, Buoni Ordinari del
Tesoro® respectively). All data is monthly and end of day (eod), ranging from June 2009
to December 2022.

To be able to effectively compare the nominal and the real returns, and to
compute accurate breakeven rates, the same maturities and the same dataset with
identic characteristics were selected for the inflation-linked German and Italian bonds.
The 10-year German linker is the Bundei °°, whereas the Italian version is the BTPei. Both
securities are linked to the HICP (total index excluding tobacco). For what concerns the
short-term real rate, a proxy is required, since neither Germany nor Italy issue linkers
with a real interest rate plus inflation compensation over such a short maturity. This is
completely logical, since inflation risk for a limited maturity, like three months, is
negligible. Therefore, it is necessary to use a model to proxy the short-term real rate.

The selected methodology is constructed as follows. The real rate is computed as the

48 More info on the Bubill and the other German government bonds can be found here:
https://www.deutsche-finanzagentur.de/en/

4 For more info: https://www.dt.mef.gov.it/it/index.html|

%0 |t is worth mentioning that Germany decided to stop reopening or issuing inflation-linked
bonds from 2024. For more information: https://www.deutsche-finanzagentur.de/en/federal-
securities/types-of-federal-securities/inflation-linked-federal-
securities#:~:text=Inflation%2Dlinked%20Federal%20bonds%20(ILB,will%20be%20issued%200
r%20reopened
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difference between the annualized 3-month nominal rate and the one-year ahead SPF,
that is, an approximation for the ex-ante inflation expectation, as indicated in Equation

(36):

Vit = Yie— Ti¢ (36)

The idea is based on the hypothesis that the SPF represents a good proxy for rational
expectations over the next year, as the corresponding 3-month rate is expressed as an
annual return. Therefore, the resulting real rate is the annualized ex-ante real return.
Clearly, this is not an ex-post real return, as would have been if a 3-month linker was
issued by either Germany or Italy. It is fundamental to recall that assuming rational
expectations for the short-term implies assuming zero inflation risk and liquidity premia.

Nevertheless, since the Survey of Professional Forecasters is released on a
quarterly basis, specifically each March, June, April and September, an interpolation
technique is required to obtain monthly data. The developed equation is based upon
the idea that the SPF expectation is influenced by the nominal rate of return and the
recent inflation information, expressed in annual terms to be cohesive with the rest of
the data. The selected inflation index is, clearly, the HICP. The regression is the

following:

Inmi, =a+ .Blyrllt + Byme-1+ & (37)

where:

e In T[‘it is the natural logarithm of the SPF for the current quarter;

. y{ft is the 3-month government bond rate annualized referred to the current
quarter;

® Ty t_1 is the realized year-over-year inflation released one month before the
release of the SPF, so, respectively, February, May, August and November;

e & isthe noise term.
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After having obtained the parameters &, 31 and B, it is possible to use the monthly
data on inflation and returns obtain the monthly expectations. The regression was run
two times, namely, for Germany and for Italy. Lastly, by using Equation (36) a proxy for

the real rate was computed.

5.3.2 Results

Table 1 reports the summary output of the Survey of Professional Forecasters outputs
for Germany and ltaly. Data in the brackets indicate the standard errors. The results
indicate a slightly better fit for the Italian time series. Tables 2 and 3, instead, compare
the estimated short-term expectations with the 10-year breakeven rates, for both
countries, by considering their mean value and their volatility.

Table 1: Short-term expectations regression outputs

Germany Italy
a 0.2002 0.1735
(0.0163) (0.0181)
B, 0.0655 0.0704
(0.0078) (0.0092)
B> 0.1147 0.1138
(0.0063) (0.0066)
R? 0.8650 0.8728

Table 2: Mean and standard deviation of the 3-
month and 10-year Italian breakeven rates

3-month 10-year
Mean  1.5267 1.2107
Std 0.5694 0.5137

Table 3: Mean and standard deviation of the 3-
month and 10-year German breakeven rates

3-month 10-year
Mean  1.5221 1.4139
Std 0.5703 0.4563
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The sample statistic for the short-term expectations shows a higher variability than their
10-year counterpart. This might be a result of the recent inflation spikes and the ECB
answer to inflation, that is, hiking the key interest rates, that pushed the nominal rates
up. In addition, since most European vyield curves inverted during the last years as a
consequence of the economic turmoil following Russia’s invasion of Ukraine, the surges
in the level of inflation and the central bank’s restrictive monetary policy to push
inflation back to the medium-term target. Therefore, given that short-term rates rose
more than long-term ones, and because of a general credibility in financial markets that
inflation in the long-term will move around the target, the 10-year displayed a lower
volatility than the 3-month annualized estimates. Nevertheless, following a decade of
low-inflation environment, the breakeven rates for the selected data are, on average,
lower than the period before the 2008 financial crisis.

Figures 30 reports the short-term nominal rate for Germany and Italy whereas
Figure 31 presents the estimated short-term real rate for both countries as well. As the
two figures indicate, during the period of low negative rates but positive (still below-
target) expectations the real rates remained negative, deteriorating as inflation spiked
in 2021. In the two figures is also observable the 2011 sovereign crises that resulted in
a sudden increase in the spread between the two countries.

Figure 30: 3-month government bond yields annualized, Germany and Italy,
2009-2022
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Figure 31: 3-month estimated real government bond yields annualized, Germany
and Italy, 2009-2022
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It is now time to discuss the empirical results of the expectation hypothesis test, starting
with the nominal and real case separately, then with the joint hypothesis. The test is

carried out on the following hypothesis test at 95% confidence level:

Hy: =0 (38)

Therefore, if the interest rate risk, the inflation risk premium, or the liquidity premium
change over time, this would result in a rejection of the significance test, reporting a p-
value smaller than 0.05.

Table 4 summarizes the regression output deriving from the regression ran on
the nominal bond dataset, characterized as reported in the previous subchapter. It is
easy to notice that, in both cases, the expectations hypothesis was rejected. It is
important to highlight that the data fit better to the German bonds rather than the
Italian one, as indicated by the R? value, respectively 41% for Germany and 28.5% for
Italy. For both countries, the close to zero p-value suggests a strong rejection of the
hypothesis test as of Equation (38), reflecting the influence of other factors influencing

the excess return of long-term bond over short-term ones.
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Table 4: Test of the nominal EH, Germany and Italy

Germany Italy
o -0.3009 -1.0491
(0.2219) (0.6088)

. 1.3806 1.3280

k (0.1307) (0.1663)
R* 0.4108 0.2850
p-value 4.07E-20 2.58E-13

Table 5, on the other hand, presents the same output as Table 4, but for the
inflation-linked bonds. In this case, we denote a worse quality of fit for both time series,
as the R? turned out 22.3% for Germany and 24.4% for Italy. Most importantly, the
empirical test suggests rejecting, just like for the nominal case, the null hypothesis,
confirming that our data suggest a non-zero 8 coefficient. In this case, premia like the
liquidity one, are likely to influence the spread and excess return between the 10-year

ILB and the estimated 3-month version. Clearly, the approximation of the short-term

real yield produced an impact on the final regression.

Table 5: Test of the real EH, Germany and Italy

Germany Italy
o -0.3703 -1.8835
(0.3520) (0.8347)
- 1.4245 1.5300
B (0.2103) (0.2129)
R? 0.2229 0.2440
p-value 2.26E-10 2.39E-11
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Finally, we are able to compare the results of the joint EH on the two countries,
as summarized in Table 6. The interpretation of the regression equation, that is,
Equation (35) for the joint EH, would suggest that failing to reject the EH would indicate
that the excess breakeven rate of long vs short-term bond is constant over time.
However, as the output contained in Table 6 suggests, even the joint EH is rejected for
both countries, with very low p-values. Therefore, recalling the factors that influence
the breakeven rate represented by Equation (21), both the inflation risk premium and
the liquidity premium show a time-varying behaviour.

That being said, whenever investors ask for any of these premia, the nominal and
real returns are affected immediately, influencing the BEIR along the yield curve. This

ends up in producing an impact on the breakeven excess return. Lastly, we can notice

that the R? for Germany is lower than the one for the Italian data, being 5.45% against

roughly 17.4%.

Table 6: Test of the joint EH, Germany and Italy

Germany Italy
o -0.0262 0.2099
(0.1193) (0.1794)
b 0.2428 1.7600
B (0.0799) (0.3033)
R? 0.0545 0.1739
p-value 2.79E-03 3.40E-08
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Conclusions

The empirical results analyzed in Chapter V are cohesive with the different discussion on
inflation expectations argued throughout the research. The soar in the level of inflation
that characterized the beginning of the 2020s and the tight counteroffensive enacted by
central bankers with the goal of achieving their mandate of price stability resulted in a
test of the effectiveness of inflation targeting. Notwithstanding, before obtaining a clear
view of the actual impact of the tightening policy adopted by central banks, in our case
the ECB, it is necessary to wait for the economy to fully incorporate the new
macroeconomic environment. Although, it is possible to draw some conclusions.

First, expectations differ from the short to the long run. It is not a case that, as
highlighted by Table 2 and Table 3, the 3-month average volatility of inflation
expectations is higher than the 10-year counterpart. As largely discussed, in the medium
and long term the anchoring effect of the central bank’s inflation target is stronger.
Therefore, both survey-based and market expectations differ depending on the
maturity, as pointed out in Chapters Il and IlI.

Secondly, the analyses outputs suggest a strong rejection of the expectation
hypothesis performed on ltalian and German government bond yields, indicating the
presence of non-zero coefficients. The rejection of the EH and the JEH for both Italy and
Germany represents an important result. The findings rejected the EH for both nominal
and inflation-linked bonds, indicating that different factors influence the excess return
between the 10-year bonds and their corresponding 3-month ones. Investors ask for
inflation risk premium, and this premium changes over time. The IRP is the direct
consequence of the risks associated with inflation as highlighted in Chapter | and is also
connected to the idea behind the Fisher relation described in Chapter IV. The liquidity
premium also influences the nominal and real rates, as inflation-linked bonds are, on
average, less liquid and traded than their nominal counterparts. As for the joint testing,
the rejection of the joint expectation hypothesis for the two countries shows that
market-based expectations, in this case, breakeven rates, are affected by premia and a
plethora of expectations, such as, the impact of inflation targeting the ability of the
central bank to pursue its mandate. As discussed, inflation targeting is more effective

when inflation expectations are less volatile and well-behaved.
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The current level of inflation, the expectations coming from aggregates like the
Survey of Professional Forecasters, GDP growth expectations, pandemics, wars and
many other sources of information or systemic events impact inflation expectations. As
a consequence, market-based expectations that reflect returns asked by investors, with
inflation swap rates and breakeven rates vary over time. To conclude, inflation
expectations represent one of the pillars that influence decision-making processes of

economists and investors, and, therefore, should be carefully modeled.
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