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Abstract

I develop a model-based definition of time-varying sovereign bond safety and apply it
empirically by constructing a news-based index, the flight-to-safety index (FLY), which
measures global safe-asset demand. The FLY captures flight-to-safety episodes, the savings
glut, and natural interest rate declines. Estimated FLY loadings allow the classification of bonds
as safe, neutral, or risky. Post-Great-Recession, the global set of safe assets has shrunk, but the
safety of US assets has increased. | detect regime switches in FLY loadings: positive switches
(becoming safe) align with expansions, higher government spending, lower debt, and credit
upgrades; negative switches (becoming risky) are associated with contractions, reduced
spending, higher debt, and downgrades.
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I Introduction!

Safe assets are one of the cornerstones of the international financial system: they are the
fundamental instrument through which a variety of economic agents can save, insure against
adverse shocks, and store value during difficult times, while benefitting from the liquidity
benefits and collateral value that holding these assets typically entails. Because of the central
position safe assets have in the architecture of the world economy, the safety of an asset, be
it true or perceived, is a phenomenon with far-reaching implications. At the world level, the
increased hunger for safety caused by the global savings glut and the ensuing shortage of safe
assets have contributed to lower interest rates and large imbalances, and remain a source of
global economic fragility. At a country level, from the point of view of a government issuing
sovereign debt, whether that debt is perceived as safe or risky is a crucial distinction: it
can make the difference between favorable or adverse financial conditions, between having
additional fiscal space for spending or being constrained in the ability to use fiscal policy,
especially during crises. For all these reasons, safe assets are an important area of research
that has received increasing attention over the last years. Thinking about these issues from
an empirical perspective, however, requires some fundamental precondition: having a way to
measure exactly when safe assets are in demand, and being able to tell what assets are safe
at a given point in time. During flight-to-safety events, and if the set of safe assets changes,
we should expect repercussions, both globally and at the level of the individual countries
involved in the change. These are the questions that this paper is after: what is the set of
global safe assets? Can we measure global demand demand for these safe assets precisely,
and identify whether, at a business-cycle frequency, an asset that was considered safe can
experience a “switch” and become risky, and vice versa? And do these safety switches have

relevant macroeconomic consequences?
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The idea that the set of global safe assets can change over time is not new. At the
beginning of the twentieth century, the UK was the global safe asset supplier, but it was
replaced in that role by the US between the two World Wars. More recently, a number
of European countries began to be treated as de facto safe after the creation of the euro,
only to lose that status during the euro debt crisis. Meanwhile, in the US, the glut for
safety stimulated the creation of private safe assets by financial intermediaries, ultimately
generating a bubble that also burst during the crisis. Fast-forward to today, and discussions
about the creation of a European safe asset have intensified, while the position of the US
as the dominant global safe asset, though still undisputed, has begun to show what some
might describe as cracks, such as the yield spikes that occurred during the Covid-19 dash
for cash and the 2025 Trump tariff announcements. For all these reasons, an assessment of
the macroeconomic implications of changes in asset safety is as relevant as ever.

Addressing these questions, I show that, over time, the perceived safety of an asset
can exhibit short-to-medium-term fluctuations, and these fluctuations have significant real
implications, especially for governments and their fiscal policy. To detect fluctuations in
safety, I construct a text-based index from newspaper mentions, the FLY, to measure global
demand for safe assets. The index picks up relevant flight-to-safety episodes and predicts
declines in the natural interest rate. I then identify switches in a bond’s safety, or “safety
switches”, through changes in the sign and significance of the correlation of its return with the
FLY. I find that positive safety switches (i.e. becoming safe) are associated with expansions
and increases in government spending, while negative switches (i.e. becoming risky) are
associated with contractions and decreases in government spending. In addition, debt falls,
its maturity shortens, and credit ratings improve after a positive switch; conversely, following
a negative switch, debt grows, its maturity increases, and ratings deteriorate.

The paper begins by presenting a theoretical framework to explain the sources of an
asset’s safety and come up with a definition of safety that can be taken to the data. In the
literature, a safe asset is generally defined as follows: it is an asset with low risk and high
liquidity, used by investors to balance their portfolios and as collateral; because of these fea-
tures, a safe asset will be particularly sought after during times of turmoil — namely, during
flight-to-safety episodes. The model speaks to all the aspects of this definition, showing that
the safety of a sovereign bond is driven by a combination of factors: country fundamentals,
non-pecuniary benefits from holding the bond (which relate to the liquidity and collateral
aspects of the definition), and the volatilities of idiosyncratic and country-specific risk (which
relate to the low-risk and portfolio-balancing aspects of the definition). Because safety orig-

inates from this bundle of characteristics, which are potentially time-varying, safety is a



time-varying phenomenon. In addition, because not all of these characteristics are perfectly
observable in the data, measuring safety by relying only on some variables (such as conve-
nience yields, which only capture the non-pecuniary benefits component of safety) can give a
potentially incomplete picture. On the other hand, the model also points to a solution: the
safety of an asset can be simply inferred from its correlation with global safe assets demand.
This relates directly to the last aspect of the definition of safe assets mentioned above —
namely, that they are sought after during flight-to-safety episodes.

Starting from this observation, the paper develops a two-step empirical procedure to
identify which bonds markets consider safe at a given point in time. In the first step, I
construct a novel index aimed exclusively at measuring global demand for safe assets. I
call this the flight-to-safety index, or, more concisely, FLY. To construct the index, I build
on the approach and methods of Baker, Bloom, and Davis (2016) and Hassan, Hollander,
van Lent, and Tahoun (2019). I use academic papers related to safe assets and flights
to safety to construct a library of safe-assets-related terms. I then count the articles in
financial newspapers that mention these terms, weighted by their frequency in the library,
to obtain the FLY. The FLY is one of the key contributions of the paper: it measures
demand for safety on a continuum, and effectively captures important events that we would
intuitively associate with flight-to-safety episodes, such as the Russian debt default, the
subprime mortgage meltdown and financial crisis, the US debt downgrade, the European
debt crisis, Brexit, and Covid, among others.

The FLY is correlated with the Chicago Board Options Exchange (CBOE) Volatility
Index (VIX), but the correlation is low, and the FLY distinctly highlights dates that stand
out less when looking at the VIX, such as the Furopean debt crisis, Brexit, and the 2019
global bond rally. Moreover, the FLY exhibits a distinct positive trend starting in the 2000’s,
consistent with the global saving glut phenomenon: this is apparent when comparing the
FLY with an estimate of R*, and is confirmed by a VAR analysis that shows how innovations
in the FLY foreshadow sizable declines in the natural interest rate.

In the second step of my empirical procedure, I estimate correlations (or, more pre-
cisely, loadings) of bond returns with the FLY index. I apply this procedure to a large
dataset covering many sovereign bonds of several maturities from both advanced and emerg-
ing economies. I first estimate fixed loadings over the whole sample: this approach points to
a plausible set of global safe assets. I then re-estimate the loadings by splitting the sample
between before and after the global financial crisis: I show that, in the pre-crisis period,
the set of global safe assets was larger, and the perceived safety of many countries was not

statistically different from the one of the US; after the crisis, however, several countries lost



their safe-asset status, and, even for those that retained it, their safety relative to the US
eroded, so that American bonds fully emerged as the dominant global safe asset.

Extending the idea of time-varying safety, I then estimate a regime-switching model,
and use it to identify switches in a bond’s safety as changes in the sign and statistical
significance of its loading on the FLY index. Following the reasoning outlined earlier, a
bond will be safe if its returns are positively correlated with the FLY, risky if they are
negatively correlated, and “neutral” if they are uncorrelated. Therefore, a positive switch
happens when a bond becomes safe, i.e. its correlation with the FLY goes from negative
or not significant to positive and significant. Conversely, a negative switch happens when a
bond becomes risky, i.e. its correlation with the FLY goes from positive or not significant to
negative and significant. I find that safety switches are frequent and fairly distributed over
time and across countries.

Finally, I provide descriptive evidence on the macroeconomic dynamics associated with
these switches. I find that positive switches (i.e. becoming safe) are associated with increases
in government spending and economic expansions. On the other hand, negative switches
(i.e. becoming risky) are associated with contractions and declines in government spending.
Positive switches are also associated with a decrease in debt, and foreshadow credit rating
increases, while negative switches are associated with an increase in debt and a lengthening
of its maturity structure, and foreshadow credit downgrades.

The rest of the paper is structured as follows: the remainder of this section reviews the
literature; section II presents a theoretical framework for thinking about safety that motivates
the FLY index and the empirical methodology; section III describes the construction of the
FLY index and evaluates its behavior over time and in comparison to the VIX and to natural
interest rates; section IV shows the estimation of fixed factor loadings on the FLY and some
facts about safe assets before and after the global financial crisis and the euro debt crisis;
section V describes the identification of safety switches; section VI discusses the behavior of

macroeconomic variables around switches; section VII concludes.

Related literature A rich and deep literature has analyzed many aspects of safe assets.
One area of research has focused on understanding what exactly makes an asset “safe”. For
instance, on the theoretical side, He, Krishnamurthy, and Milbradt (2016b, 2019) show that
fundamentals, investors’ beliefs, and coordination play a role in determining what assets
are safe. Brunnermeier, Merkel, and Sannikov (2022a) present a framework for thinking
about safety as a feature of sovereign bonds emerging from the possibility of re-trading

them dynamically to offset idiosyncratic shocks. On the empirical side, Habib, Stracca,



and Venditti (2020) find that a limited set of fundamentals (related to inertia, institutional
quality, and debt) are the key determinants of government yield movements in periods of
high risk-aversion (measured by the VIX), and can therefore be thought of as safe asset
fundamentals.

A number of papers have focused on exactly identifying which assets are safe, and
on quantifying the convenience yields they carry. These include Gorton, Lewellen, and
Metrick (2012), who analyze the behavior of the so-called safe-asset share, i.e. the share of
US assets that are “safe”; Krishnamurthy and Vissing-Jgrgensen (2012) and Christensen and
Mirkov (2022), who quantify the convenience yield earned by US Treasuries and Swiss bonds
respectively; Diamond and Van Tassel (2023), who extend the estimation of convenience
yields to ten G-11 countries; and Cuevas (2023), who looks at convenience yields in emerging
economies.

Another strand of the literature has studied the implications of safety for fiscal policy,
debt, and macroeconomic conditions. Caballero and Farhi (2013, 2018), and Caballero,
Farhi, and Gourinchas (2016a, 2017, 2021a) explore the important global macroeconomic
consequences of a shortage of safe assets and present their implications for policy in a world
at the zero lower bound. Gourinchas and Rey (2016) explore these issues with an eye to
smaller economies and to the euro area. Zhengyang, Krishnamurthy, and Lustig (2018, 2021)
explore the effects of the safety of US Treasuries on the dollar exchange rate. Van Binsbergen,
Diamond, and Grotteria (2022) show that monetary policy reduces this convenience yield,
especially in times of crisis. Brunnermeier et al. (2022a) explain how governments can extract
seignorage revenues by taking advantage of the safe-asset status of their bonds. Aizenman,
Cheung, and Qian (2019a) study how shortages of safe assets affect international reserves.

A common starting point in the literature described so far is the distinction between a
set of assets that are always safe and a set of assets that are not. In such a setup, safety is
therefore a largely cross-sectional phenomenon: some assets are safe, some are not, and these
are essentially permanent features. Some exceptions include Christensen and Mirkov (2022),
Diamond and Van Tassel (2023), and Cuevas (2023), who empirically estimate time-varying
convenience yields for Switzerland and a number of other advanced and emerging economies,
finding evidence of noticeable oscillations; Mota (2021), who focuses on US corporate bonds,
showing that they provide a form of safety benefits and that variations in safety premia
have an impact on investment decisions; Brunnermeier, Merkel, and Sannikov (2022b), who
theoretically characterize the potential for gaining and losing the safe asset status as a
transition between different equilibria in a framework where bond prices have a bubble term:;

and Pallara and Renne (2023, 2024), who estimate time-varying fiscal limits for a number of



European and OECD countries and use them to estimate sovereign credit risk premia and
to price hypothetical and counterfactual Eurobonds.

My main contribution to the rich literature outlined above is a stronger focus on the
time-varying dimension of safety. To do so, I use a tripartite classification, whereby each
sovereign bond can be considered safe, neutral, or risky, depending on how its price correlates
with the FLY. Safety switches happen when the bond moves from one category to another. To
the best of my knowledge, this is the first work to present a methodology for identifying and
characterizing safety switches systematically and consistently in a large panel of sovereign
bonds. Similarly, to the best of my knowledge, this is also the first paper that empirically
assesses the macroeconomic dynamics associated with these switches.

A separate literature has worked on measuring and identifying the global financial
cycle, risk-on/risk-off events, and uncertainty shocks, as well as assessing their global impli-
cations. Some examples include the work of Akinei, Kalemli-Ozcan, and Queralto (2022),
Miranda-Agrippino and Rey (2021), and Kekrel and Lenel (2021). Some authors have given
particular attention to the isolation and identification of flight-to-safety episodes specifically,
for instance Baele, Bekaert, Inghelbrecht, and Wei (2020). My main contribution in this
respect is the creation of the FLY index, which not only provides an independent indicator
of flight-to-safety episodes, but also captures variations in demand for safety on a continuum,
allowing the analysis to extend outside of the individual flight-to-safety events. The useful-
ness of the index is confirmed by the fact that it picks up relevant episodes, is consistent
with the global savings glut, and it foreshadows declines in natural interest rates.

Finally, this work also relates to the many contributions in the use of text- and news-
based data for measuring uncertainty, sentiment, economic activity. These include, among
others, the measure of sentiment during recessions by Garcia (2013); the Economic Policy
Uncertainty (EPU) index by Baker et al. (2016); the Daily News Sentiment Index published
by the Federal Reserve Bank of San Francisco, based on Shapiro, Sudhof, and Wilson (2020);
and the local and global news sentiment indicators by Fraiberger, Lee, and Puy (2021). 1
follow a methodology similar to Hassan et al. (2019) to construct a library of terms related
to safe assets that I can then search in newspapers, in order to construct an index aimed

specifically at measuring demand for safe assets and flight-to-safety episodes.

II Theoretical framework

I present a theoretical framework with two main objectives in mind: explaining where the

safety of an asset originates from, and come up with a definition of safety based on concepts
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and variables that can be measured empirically, directly or indirectly, so that it can be taken
to the data. The model is a version of the one by Brunnermeier et al. (2022a), with two main
extensions: I include time-varying utility benefits from holding safe bonds, and I expand the
model to many countries with additional country-specific sources of risk.

The model has intentionally many ingredients, as the aim is not to fully solve it, but
to derive analytical expressions that can point us to the drivers of time-varying demand for
safety and how to use it to identify safe bonds. The first key ingredient is the presence of
non-diversifiable idiosyncratic risk: this is one driver of the safety of bonds, because it makes
them valuable as a way to insure against idiosyncratic shocks. The second key ingredient
is the afore-mentioned time-varying utility of holding safe bonds: this is needed to generate
convenience yields, which are another feature of safe assets that captures their attractiveness.
The third key ingredient is non-diversifiable country-specific risk, which will negatively affect
the safety of bonds and potentially make them behave as risky assets.

While having these many ingredients makes the model more complicated, it serves a
few purposes. On the negative side, by pointing to many different potential drivers of safety,
the model shows that measuring safety by individually relying on observable elements like
convenience yields, the VIX, or fundamentals can give an incomplete picture: as the model
will show, these variables are bundled together in determining safety, and relying on one
of them without the others may not be the perfect approach. In addition, the model also
suggests that measuring demand for safe assets directly in the data is quite difficult due to
the many unobservable elements. On the positive side, however, the model shows that, if
demand for safe assets can be measured at least indirectly, it can provide a more complete

way of measuring safety in the data than relying on the individual variables mentioned above.

II.1 Setup

Time is continuous with an infinite horizon. There is a continuum of countries j € (0, 1).
In each country, there is a continuum of agents ¢ € (0,1). To improve readability, I will
always use i as a subscript and j as a superscript, so that xgt refers to the value of variable
x for agent ¢ in country j at time ¢. For bond variables, I will use two superscripts: the first
identifies the country of the bond holder, and the second identified the country that issued
the bond. Therefore, bg;j’, for instance, denotes the holdings by agent ¢ in country j of the
bond issued by country j'.
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I1.1.1 Production

There is one consumption good, produced by each agent using a linear production technology
Yir = atk:ft. Productivity a; is common across agents and countries, but capital is agent-
specific. Each agent operates their own k7, by choosing investment ¢/, In addition, agents
also face idiosyncratic capital quality shocks, 5,5de;, where the tildes are used to denote the
fact that the variables are idiosyncratic. Each agent’s capital then evolves as

dk},

o= (cp(bgft) - 5) dt + 6,477, (1)
it

where ® (1) = é In(1+ ¢r;) is a function capturing capital adjustment costs and ¢ is the de-
but their volatility

oy is the same for all agents and all countries at each point in time. Note that this common

preciation rate. The shocks follow an idiosyncratic Brownian motion th,

global volatility is also potentially time-varying, and follows its own exogenous process.

I1.1.2 Preferences

Following Krishnamurthy and Vissing-Jgrgensen (2012), Di Tella (2020), and Mota (2021),
among others, I assume that agents experience non-pecuniary benefits from holding safe

assets.? More specifically, each bond j’ is characterized by a certain degree of time-varying

safety benefits, v{l, so that holding an amount b{gj/ provides an overall safety benefit of

U;Z "In b{;j B Utility is then given by

0o 1
Ul :E[/ e—ﬂt{lncgt+/ villnbflﬁ/dj}} , (2)
0 0

where p is the discount factor and c{t is consumption. The equilibrium will be expressed in

terms of consumption as a fraction of net worth, ¢/, = =, as this will be symmetric across
n

it

2 A safety premium can be generated by either having safety in the utility, as in this case, or by including
a term associated with safety in the budget constraint. The former approach is the one used, for instance, by
Krishnamurthy and Vissing-Jgrgensen (2012), Di Tella (2020), and Mota (2021); it is similar to widely used
money-in-the-utility formulations and can be interpreted as capturing non-pecuniary convenience benefits
in the form of utility derived from holding safe assets. The latter approach is used, for instance, by Liu,
Schmid, and Yaron (2019) and Choi, Kirpalani, and Perez (2022). If the safety term is on the left-hand
side of the budget constraint, it can be interpreted as a measure of the transaction costs associated with
bond trading, with safer bonds being more liquid and thus having lower transaction costs. If the term is on
the right-hand side of the budget constraint, it can be seen as the pecuniary value of holding safe assets,
associated, for example, to the possibility of using them as collateral to finance other investments. All these
ways of introducing a safety premium vary in terms of their interpretation but generally lead to similar
first-order conditions and implications.
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all agents.

I1.1.3 Government

A government in each country issues nominal sovereign bonds and taxes firms to fund gov-
ernment spending. The face value of outstanding nominal debt of country j is Bg , and the
nominal interest paid by the bond is i{ . Both are exogenous. The face value in particular

. . . . B.i
evolves according to an exogenous process, which is characterized by a growth rate p; ”:

dB]
B Mt (3)
Real spending needs are also exogenous and given by gKg dt, where Ktj =/ k{tdi is total
capital in the country and ¢ is a parameter relating spending to a fraction of that capital.

The nominal government budget constraint is given by
B+ Plokc! = w B + Pirjuk]. o

where Ptj is the price level. In other words, the government faces nominal liabilities in the
form of nominal interest payments on existing debt and nominal government spending needs,

and pays for them with new nominal debt issuance and taxes. Note that since i{, g, and
B,j J

W, ” are exogenous, 7; adjusts to balance the constraint.

I1.1.4 Net worth

Agents can trade bonds from any country j’, choosing a corresponding portfolio weight
eg'f" for each. Crucially, however, there is a friction that makes risk sharing incomplete:
agents face a “home-bias” constraint, so that they must hold a fraction A € (0, 1] of their
bond investments in domestic bonds, resulting in exposure to country-specific risk that they
cannot diversify. Effectively, agents are therefore going to choose how much to invest in their
own domestic bonds, 677, and how much to invest in a diversified portfolio of bonds from all

countries, 95 7. The home bias constraint can then be written as
y i aBj .
05 = h(6% +0;7) = 103, (5)

where 07, = 627 + 017 is the total share of their wealth that agents invest in bonds, which
equals the sum of the domestic bond investments and the diversified portfolio. As a result

of the home-bias constraint, some of the country-specific risk faced by agents cannot be
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diversified.

Differently from bonds, agents can only trade capital within their country. More specif-
ically, they can invest a fraction Hft( 7 of their net worth nft in their own capital, but they can
also trade equity, by issuing claims 95 7 on their capital and buying a diversified portfolio of
claims on other agents’ capital within the country. For capital, too, there is a fundamental
friction that prevents perfect diversification: agents face a skin-in-the-game constraint, so
that they have to retain ownership of a fraction x € (0,1] of their capital and thus they

cannot issue equity claims on it. More specifically,
07 < (1= )07 . (6)

Similarly to the home-bias constraint, the skin-in-the-game constraint creates a situation
where some of the idiosyncratic risk faced by agents cannot be diversified. The two non-
diversifiable types of risk will create forces pushing the safety of bonds in opposite directions.

Agents earn a return from each of their investments: drf” from their holdings of
domestic bonds from their own country; drf_; from their investment in the diversified bond
portfolio; drft( 7 from their capital; dTiEt’j from issuing equity; and dféE 7 from investing in
a diversified equity portfolio. Overall, each agent’s net worth evolves according to their
consumption and the returns that they earn on each of these investments, proportionally to

the corresponding portfolio weights,?

dn’ o - L . . . . .
i it 7] B,j B,j B K,j K.,j E,j E,j Eji=Ej

o + O dr, + 05 dry + 05 dry ™ — 05 dry 4 0,7 dr (7)
it it

In addition, the portfolio weights must add up to 1:
0% + 057 + 057 — 057 + 057 =1 (8)

II.1.5 Exogenous processes

In addition to government debt, other exogenous variables include productivity, volatility
of idiosyncratic risk, nominal interest rates, and convenience benefits. The processes for
productivity, a;, and for the volatility of idiosyncratic shocks, &; (which can be related to

the VIX), are assumed to take the form of generic Ito processes driven by the global Brownian

3Note that 05 > 0: the negative sign in front of it makes it explicit that it represents an issuance.
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motion Z;:

d

= jgdt + opdZ, (9)
Qg

do _ _

SOt _ 2dt + 07dZ, . (10)
Ot

Conversely, the nominal interest rate on each country’s bonds, ], and the convenience ben-

efits that it generates, vz, are assumed to be driven by country-specific Brownian motions

Wi

dé’ - .

% = {7 dt + i dWy | (11)
t

dv? . .

% = At + P dIW7 (12)
t

Note the use of tildes, as in the case of the idiosyncratic Brownian motions for each agent’s
capital, th like those shocks, the country-specific shocks are also idiosyncratic, but over

countries instead of agents, and they will thus wash out in the diversified bond portfolio.

II1.2 Prices and returns

The returns entering individuals’ net worth process are driven by exogenous processes, fun-
damentals, and asset prices. Let th 7 denote the market price of capital in country j. For
convenience, we will work with a scaled version of the real value of bond holdings, which

expresses them as a fraction of capital in the issuing country:
by _ BI/E y
4 = = — - (13)

Kt

Before deriving processes for returns, we postulate generic Ito processes for capital and bond

prices

qu’j/ B g/ B g/ B T
i =l e ol Azl vy
t

dg,"’ a".j q".j
W:Mt ’dt+0’t ’dZt.
t

Notice the price of capital only depends on global shocks, as idiosyncratic shocks wash out
in the aggregate, but the price of bonds depends both on global and country-specific shocks.

We can now write the return on bonds issued by ;' , which is going to be given by the
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interest it pays plus the change in the value of debt:

.y 1 . d BJ’Kjl B],
drp? =i dt + —1=L a0/7/) =i dt + (q;., .'i/ .t,)
1/Pt »J K] /BJ

= (L) — 6+ ™ — VB’]]dtvLat Iz, + @ Wy (14)

where i = pld / —i ' the second equality uses (13), and the last equality uses Ito’s Lemma.

Investors can also invest in a diversified bond portfolio, with return

ar? = /drf’j/dj’ . (15)

For capital, the return is agent-specific and given by output net of taxes and investment,

plus the change in the value of capital:

. . K
drfd — (1—1)a;— v,  dlg 7k
it —

1—a, — 1) 4 4 4 o~
- ( qtl)(,jt L+ D() -0+ N?’K’j dt + UgK’det +0,dZy . (16)
t

As for equity claims, they are identical to capital in terms of risk, but potentially different
in terms of expected return, which will be determined in equilibrium, due to the possibility
of diversification

Arf? = By [arf7] + 0! 742, + 5,424 . (17)

The return on the diversified equity portfolio is then given by
dr = / dri7di . (18)

I11.3 Equilibrium

I define a symmetric competitive equilibrium. The equilibrium is symmetric across agents
within each country, but not across countries, i.e. we can drop the i subscripts. Further
assumptions can be made on the exogenous processes to also make it symmetric across
countries, but I stick to the general case.
Definition 1 A symmetric competitive equilibrium is a set of

® Drice Processes {qf’j, th’j,Et [drg’j} }tZO, je(0,1)

e consumption (as a share of net worth) and investment choices {ég, L{}tzo, i)
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e portfolio weights {Gi’],QB’] 0, I 9E’] QE’]}po jE(0,1)

e tazes {Tt } and aggregate capital {K] }

t>0, j€(0,1)
s.t., given initial conditions and exogenous processes,

e aggregate capital obeys the LOM: dK] = (@i(bi) — 5) dt Vj

e tazes satisfy the government budget constraint: g/ K? — 7} a, K} = pP7¢P7 K7 V)

20, j€(0,1)

e consumption, investment, and portfolio weights maz. (2) Vi, j with E, [drg’j } = E; [drf I }
e goods markets clear: C! + gl KI + 1, K] = atKj Vj

e asset markets clear: 677 = qtN—jt Vi 6,7 = q‘ i Vi; 077 = 6] B
t

II.4 Bond prices and safe assets demand

First-order conditions and some algebra show that the price of a bond is given by

th,j B ej,jl + ¢(a; — g) .

= : 19
S 0t ap (19)

In other words, the price of the bond goes up in proportion to the demand for that bond by
its domestic buyers, Gz’j . Since everyone else buys the bond as part of a perfectly diversified
portfolio, the domestic buyers are the key drivers of demand due their home bias. What
drives this demand in turn? Further derivations involving the first-order conditions for
portfolio shares and various calculations with Ito’s lemma lead to the following stochastic

differential equation for the demand for a bond j:

Edo7’]1+A  p +VBJ(1+ JH

J
. 5 . B pU
AR _ o ) - - eleat + @paE Y - B (20
t t

-0 0]
This equation cannot be solved analytically, but on its own it is informative enough for us,
as it summarizes all the drivers of safe assets demand. The term on the left denotes the
expected growth in the share of wealth invested in the asset, which is directly related to its
demand. It can be read similarly to an expected return: in the same way a lower expected
return implies a higher price today, similarly a lower expected growth in demand implies a
higher demand right now.

What drives this demand? If idiosyncratic risk were absent (6; = 0) or perfectly diver-
sifiable (y = 0), country-specific risk were absent (dthB = 0), and there were no convenience
yields (v] = 0), then demand would be driven only by debt growth net of interest payments.

However, the presence of all these additional terms means that demand deviates from that
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baseline. Two of the variables make bonds more desirable, boosting their safety: the pres-
ence of idiosyncratic capital risk makes bonds desirable because agents can buy them to
insure against idiosyncratic shocks, with the possibility of liquidating them if needed; the
presence of convenience yields means that agents receive non-pecuniary benefits from hold-
ing bonds, which generates an additional safety motive. The other variable makes bonds
less desirable: the bonds’ exposures to their own country-specific risk decreases their safety
and makes them risky, which reduces their attractiveness. Whether a bond is safe or risky
overall depends on the relative magnitudes of these terms. It seems natural, then, to use

these quantities to define safety.

I1.5 Defining safety

In light of (20) and its implications, let

1 = (1= eyt — (@Rt + 2L @)

6]
This is the key quantity determining whether a bond is safe or risky relative to a baseline
where all the causes of safety and riskiness (convenience yields and idiosyncratic, aggregate,
and country-specific risk) are absent. When cS’t] is positive, one can think of it as the “safety
boost” in demand a bond experiences; conversely, it turns into a “riskiness drag” when it is

negative. I therefore adopt the following definition

Definition 2
safe if cS’t] >0,

A bond jis < neutral if S/ =0,
risky  if S} <0.

Note that safety is a time-varying phenomenon in this setup: a bond can switch between
categories depending on how cS’t] moves.

A problem that immediately arises is that this definition is not easily applicable in the
data. The volatility of idiosyncratic risk can be mapped into the VIX, and the convenience
yields can be measured using corporate bonds, but it would be misleading to rely only on
them as we do not know the portfolio weights and the aggregate and country-specific risk

terms. At this point, prices can be helpful. The cS’t] term maps directly into a premium when

4Note that, without home bias (£ = 0), everyone in every country would just hold the diversified bond
portfolio, which would perfectly insure from both idiosyncratic risk and country-specific risk.
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it is positive, and into a discount when it is negative. Since returns are observable, we can
then use them to identify safe assets: an asset would be safe if its price goes up because
cS’tJ > 0, risky if its price goes down because St] < 0, and neutral otherwise. However, this
would still require observing §; at the individual asset level. We could look at the behavior
of [Lf 7 but in reality there might be other factors driving prices, especially at high frequency,
so that would not be sufficient.

While relying on the value of cS’t] cannot help us, switching to an aggregate can: even
if it cannot be measured directly, a global aggregate could be measured indirectly in the
data through proxies. I therefore define global demand for safe assets as an aggregate of the

global demand for all assets with a positive Stj :

Definition 3 The share of global wealth invested in safe assets, 07, is the sum of all global
portfolio shares allocated to bonds with a positive cS’t] , weighted by the wealth of the corre-

sponding country relative to the world, i.e.

N/ .. ‘
929 = /Ftt@i’] . 1{c8’f20}dj .

Here, th =/ n{tdj and Ny = [ th dj. This object is directly related to demand for safe
assets in equilibrium. Now, whenever a bond is safe, changes in demand for that bond will
be counted as part of the change in 7. Conversely, whenever a bond is risky, it will be
counted as part of 6] — 67, where 0] = [ ]]\\7,—{8{ Jdj is the total share of global wealth invested
in all bonds. We can then look at the behavior of bond prices in relation to this aggregate

quantity to identify safe and risky bonds.

Definition 4 A bond j is safe if its price (realized return) is positively correlated with global

demand for safe assets, i.e.
ar?7 des
Cov ( BT o8

i

07

B,j gS
9,05 _

>0 .

B

Similarly, a bond j is risky if its price (realized return) is negatively correlated with global

demand for safe assets, i.e.

B
dr?7 468

Cov | =, =&+

B gS TF’J e

B

07

<0.
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Lastly, a bond j is neutral if its price (realized return) is uncorrelated with global demand for

safe assets, i.e.
dr?7 dos
Cov | 4+, -+

BTBJ’QS B 7":3’] ?0; —0

t - dos

ikd

0

This is the most intuitive definition one can think of: an asset is safe if it behaves
as a safe asset, i.e. it is sought after when investors are looking for safety, and thus its
price increases — or, in other words, its price goes up during flight-to-safety episodes. It is
a pragmatic and operational definition that has the advantage of finally relating safety to
two variables that can be observed in the data: prices (or returns) can be observed directly;
global demand for safe assets is hard to measure directly as defined in the model, given
the number of unobservables needed to compute it, but it can be measured indirectly in an
effective way by constructing an index that tracks investor demand for safe assets through
news. This will be the objective of the next section.

Note that I have used a beta notation for the definition: this is to prepare the ground for
bringing the definition to the data. Of course, BZBJ’&S has the same sign as Cov (%, C%q),
but it has a more immediate interpretation as a factor loading of the kind that alfe usutally
estimated by time-series regressions of returns on factors in empirical asset pricing. Indeed,

" P70% Wil be interpretable as a “beta” in those terms, and will be estimated from a similar
setup.

This definition of safety does not exactly coincide with the one given by Brunnermeier
et al. (2022a): in their paper, an asset is defined as safe if it is a “good friend”, i.e. it
serves as a safe haven after adverse aggregate shocks. In practice, this means that the
relevant covariance is the one between the bond’s return and an individual’s (or an aggregate)
stochastic discount factor. Such a definition is also very intuitive, and points directly at the
key feature that we typically associate with safe assets. However, it comes with some caveats.
First, it relies on the assumption that the volatility of idiosyncratic risk is countercyclical,
i.e. it goes up in recessions and falls in expansions. While this is a reasonable and realistic
assumption, it also abstracts away from the possibility that idiosyncratic risk can rise “in
the background” in normal times as well. An example of this might be the 2019 bond rally:
this was a period were investors started hoarding safe bonds while the stock market was
doing well and general economic conditions were stable. I will touch upon this event again
later in the paper. For the moment, the bond rally is an example of a kind of flight-to-safety
episode that occurred outside of a recessionary period. If investors seek safe assets outside of

recessions, we want to use that information to identify which assets are safe, but a definition
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based on the assumption of countercyclical idiosyncratic risk is not able to pick that up. In
any case, assuming countercyclical idiosyncratic risk in the model, global demand for safe
assets always rises in recessions, so that definition 4 and the good-friend definition lead to
the same conclusion.

A second, related caveat is that the good friend definition relies on the volatility of
idiosyncratic risk as a driver of safety. As all bonds are characterized by their capability of
protecting agents against idiosyncratic capital risk, this definition would have a harder time
capturing differences in safety between different bonds in a model with many countries as
in this case. The introduction of heterogeneous convenience benefits from holding different
bonds would help in that respect, but would likely still require an assumption about their
countercyclicality to fit the good-friend definition. Given these consideration, I choose to
define safety based on the covariance of bond prices with global demand for safe assets,
instead of the covariance with the stochastic discount factor, because it is, arguably, equally
intuitive, but more flexible in terms of accommodating heterogeneity and information about
safety coming from non-recessionary periods; moreover, global demand for safe assets can
be measured indirectly in the data independently from prices, while this is harder to do for

the stochastic discount factor.

I1.6 Takeaways from the model

We can summarize the takeaway from the model in three points
1. the safety of an asset depends on its fundamentals, the volatility of idiosyncratic risk,
exposure to aggregate and country-specific risk, convenience benefits, and exogenous
shocks, inasmuch as these enter the processes driving all the previous factors;
2. the safety of an asset can vary over time;
3. the safety of an asset can be identified from its correlation with global safe assets
demand.
The first and second takeaway will help us in setting up and putting structure on the empirical
framework that will be used to identify safety switches in the data. Before we can do that,
however, we have to deal with the third takeaway: we need a way to measure global safe
assets demand. The model suggests that this is hard, if not impossible, to do directly, due
to all the unobservable variables involved. However, it is possible to measure it indirectly,

through news. This will be the focus of the next section.
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III The FLY index

I use newspaper articles to construct a FLight-to-safetY index, or, more concisely, FLY,
aimed at measuring changes in demand for safe assets. News are a natural way of measuring
demand for safe assets since, generally, whenever there is a flight-to-safety episode or an
increased desire for safe assets, financial media will pick it up and mention it in the news,
with little to no delay. The construction of the index requires two steps. First, one needs
to come up with a library of terms related to safe assets: these must be terms that are
specific enough to discussions about safe assets that they are likely to appear distinctively in
financial media when demand for safety rises. Then, the actual search happens: the terms
are searched one by one, the number of articles that mention them are counted, and the
results are aggregated into the index. Finally, we can assess how the index performs relative

to other existing measures.

I11.1 Libraries

I consider two safe-assets libraries, and therefore come up with two versions of the index.
The first library, which I call the benchmark or simple library £, is simply a set of bigrams
that I hand-pick because they are intuitively related to safe assets and flight to safety:

LY = {“safe asset”, “flight safety”, “flight quality”} .

The second library, which I call the full library .#, is constructed as follows. To create a list
of relevant terms related to safe assets, I first download all working papers from the National
Bureau of Economic Research (NBER) that contain terms from the simple library #° in
their abstract.? I did not look for mentions of those terms in the title only, since I consider
that too restrictive (a paper might well be related to safe assets without mentioning them in
the title); similarly, I did not look for mentions in the full body of the paper, since that would
have been too loose (a paper might well be about an entirely different topic but might briefly
mention an application to safe assets). I chose to look at NBER working papers because
they have a consistent format, they are freely accessible, they reflect a large variety of fields,
and they include unpublished work that nonetheless can contain relevant vocabulary related
to safe assets.

I end up with a total of 56 papers, which are listed in Table A1 in the appendix. I take

the main body of each paper and merge them all together into a single document; I remove

5T did this in November 2021, so I do not account for new papers that were added since then.
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headers, footers, and numbers; and I tokenize the text, lemmatize and stem the words, and
erase punctuation and stop words. I then create a list of all the bigrams that are present
in the document. I manually remove from the list all those bigrams that are evidently very
common in economic research but are not useful for newspaper searches (for instance, “euler
equation” or “statistically significant”).

I thus end up with a temporary safe-assets library L = {bk}, consisting of a list of
all the bigrams from the selected 56 NBER papers. Each bigram by is characterized by its

count, ny (.ﬁf ), defined as the number of times the bigram by appears in the NBER papers.

Denoting by N (.,5,” ) the total number of bigrams contained in the NBER papers, one can
also define the relative frequency of each bigram fj (g ) = ng (g ) /N ((5:; )

To construct the final library ., an extra step is required. I carry out the exact same
textual analysis on the eighth edition of Greg Mankiw’s Principles of Economics (Mankiw,
2017),5 thus creating another library of bigrams, " = {bk}, each characterized by its
count in the book ny (3 econ ) The total number of bigrams in Mankiw’s book is given by
N (.,? econ ) I call this the economic library, and, due to the introductory but detailed nature
of the book and its coverage of many topics, I take it as a benchmark of the vocabulary
used in economics and of the prevalence of different terms in economic discourse. The top
100 bigrams in the economics library are summarized in the wordcloud in Fig. Bl in the
appendix.

The purpose of the economic library is to help identify which bigrams in the 56 NBER
papers appear often because they are really strongly related to safe assets, as opposed to
those that appear often because they are simply very common in the economic vocabulary.
For instance, a top bigram in the NBER papers would be “interest rate”; however, the
appearance of such a bigram in a newspaper article would hardly be informative about a
flight-to-safety episode, given how generally ubiquitous the bigram is in economics.

To construct my final full safe-assets library, I therefore weigh the frequency of bigrams

from the NBER papers based on their prevalence in Mankiw’s book as follows:

N (zecon )

weight o
fk —fk(g) 1+nk($econ) ’

6T choose the eighth edition of Mankiw’s textbook because it is a more recent version of a textbook that
has been around since 1997 and has been widely used to teach introductory economics since then. As such,
the book hopefully contains a widely representative synthesis of the general vocabulary, lexicon, and jargon
used in economics in the last 25 years — the same years that constitute a majority of my sample. As a
university textbook, its language should be specialized enough that it is entirely specific to economics, but
given its introductory nature, it should also be representative of economic terminology used by the general
population and more specifically by financial newspapers.
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This works as a kind of signal-to-noise ratio: bigrams that are rare in Mankiw’s book but
prevalent in the NBER papers receive a higher weight, as they are likely the most informative

about flight-to-safety. Lastly, I keep the bigrams with the 100 largest frequencies:”

R {b;C { rank(f,z”eight) < 100} ,

and I renormalize the frequencies accordingly

weight

(L) = =To6—weiant -

k=1Jk
The resulting bigrams are listed in Table A2 and summarized by the word cloud in Fig. 1.

Figure 1: Wordcloud summarizing the relative importance of the bigrams in the full safe-
assets library

Note: The figure shows the list of 100 bigrams that form the full safe-assets library, .Z; the size of each
bigram k is proportional to its frequency fi(-%); the construction of the library and frequencies is described

in section III.1; the list of bigrams can also be found in Table A2.

"The decision to focus on the first 100 bigrams is due to constraints in actually searching for mentions
on Factiva, which is very time consuming. Arguably, however, focusing on the top 100 bigrams is not a
problem, since the remaining terms have relative frequencies of less than 0.025% and their contribution to
the index would be negligible.
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I11.2 Search

I search for mentions of the bigrams in the Financial Times and The Wall Street Journal. Due
to their coverage and circulation, these two newspapers should arguably capture all global
flight-to-safety episodes. Since I search for mentions through Factiva and I do not have direct
access to the full underlying text of all the articles, I manually carry out a reverse-stemming
and reverse-lemmatizing procedure to account for relevant variations of each bigram. For
instance, in the case of the bigram “safe asset”, I adjust the search to account for variations
such as “safe assets”, “safer asset”, “safer assets”, “safest asset”, “safest assets”. In the case
of a bigram like “flight safety”, instead, I account for all conjugations of the verb “fly”.®
Finally, T ensure the search accounts for occurrences of the two elements of each bigram
appearing within three words from each other. Therefore, when searching for the bigram
“flight safety” T also find all articles containing “flight to safety” (or any other word other
than “to” in between); the same is true for all the variations of the bigram (e.g. “fly safety”,
“flying safety”, etc.).

For each bigram b, from either the simple or the full library, the result of the search
is the daily count of articles that contain the terms of the bigram or their variations within
three words of each other. Let Ay; be the set of all articles a; published in day ¢ that mention
bigram k, i.e.

Ay = {at | by, € at} )

In the case of the simple library, all bigrams are equally weighted, so the total number of
relevant mentions in a day is simply the total number of articles that mention any of the

bigrams, avoiding repetitions:

Mto - U Akt )
k|bk€fo
where the notations J and ‘ . | refer to union and cardinality, respectively. In the case of

the full library, instead, articles that mention more frequent terms should receive a higher

81 decide not to use the wildcard search function available in Factiva to avoid including unrelated terms
in the mentions count. For instance, in the above example, searching for both “flight” and “flying” would
require using the notation “f17*” in Factiva: these would allow for the the presence of both “i” and “y” in the
third character and would account for different word endings. However, this would obviously also capture a
myriad other unrelated words, such as “flow”, “flag”, “floor”, or “Florida”. Similarly, using “saf*” to search
for “safe”, “safer”, and “safest” would also capture words like “safari”. This could dramatically contaminate
the results. For consistency, I then stick to manually accounting for word variants also with bigrams for

which the wildcard search would plausibly work without such risks.
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weight, so the total number of mentions is a frequency-weighted sum:

M= )" (L) Ak,

klbpeZ

where ‘ . | again denotes cardinality. Note repeated articles are included in this case because
they receive different weights each time they are counted.
I finally normalize the number of mentions by the total number of articles published

in the corresponding period

o

* " total # of articles, ’
M,
m, :

" total # of articles, ’

and lastly standardize these measures to obtain the simple and the full FLY indices

mO _ 7/720
FLY? =100 - —t ——
! o(my) ~
m,—m
FLY, =100 ————— .
' U(mt)

Monthly and quarterly versions of the indices are constructed in the exact same way, simply

letting ¢ denote a month or quarter instead of a day.

II1.3 Evaluating the index

The resulting monthly versions of the indices constructed according to the above procedure
are shown in Fig. 2. As the figure shows, the indices exhibit a considerable degree of variation
and do a good job at capturing important events that we would intuitively associate with
flight-to-safety episodes. The indices are correlated, as expected, though the simple version
of the index exhibits somewhat more pronounced spikes, due to its sensitivity to fewer key
terms compared to the full index. Both indices spike at the Russian debt default, the
subprime mortgage meltdown and financial crisis, the US debt downgrade, the European
debt crisis, Brexit, and Covid, among other events.

Importantly, not all these events, which we can associate with flight-to-safety episodes,
were accompanied by market downturns. Cases in points include the Swiss central bank’s
removal of its cap on the franc and the global bond rally that occurred in 2019. This confirms

the importance of measuring demand for safety separately from market returns. Moreover,
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the indices distinctly capture or give different emphasis to dates that stand out less when
looking at the Chicago Board Options Exchange (CBOE) Volatility Index (VIX), which is
traditionally the variable of choice when looking at uncertainty and demand for safe assets.
Indeed, while both FLY indices are correlated with the VIX, that correlation is relatively
low. Understandably, being a measure of expected volatility in the US stock market, the
VIX largely misses or gives little importance to events like the the European debt crisis,
Brexit, and the 2019 global bond rally, but also the initial subprime meltdown that preceded
the financial crisis. Furthermore, through the lens of the model, we can think back to the
volatility of idiosyncratic risk, &;, and to the global demand for safe assets, 67: the VIX
maps into the former, while the FLY maps into the latter. The model suggests that o; is a
key driver of 2, but not the only one: this is consistent with what the plots show for the
VIX and the FLY.?

Figure 2: Simple FLY index and Full FLY index comparison, with highlighted relevant events

Note: the figure plots the simple version of the FLY index, based on the simple safe assets library .Z°,
and the full version of the FLY index, based on the full safe assets library .#; vertical lines highlight major
global events that coincide with spikes in the indices; details on the construction of the FLY are described
in section III.1; the correlation between the two versions of the index is shown at the top of the graph; the

frequency is monthly.

9 Additional figures in the appendix (Figg. B2-B6) provide further comparisons of the two FLY indices
with the Economic Policy Uncertainty (EPU) index by Baker et al. (2016), the Global Financial Factor
(GFF) computed by Miranda-Agrippino and Rey (2021), and the price of gold.
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Another feature that the FLY indices exhibit and that the VIX does not capture is a
distinct positive trend starting in the 2000’s. This is consistent with the global saving glut
phenomenon, whereby the global supply of savings increased considerably starting around
2003, and correspondingly the demand for safe assets also got permanently higher. The
ability of the FLY index to capture this trend makes it potentially useful to also think about
other phenomena related to the global savings glut, such as the decline in global interest
rates. This is apparent, for instance, when comparing the indices against an estimate of R*
for the United States, as shown in Fig. 4. For these reasons, I will focus my main analysis
on the post-2003 period, where safe-assets dynamics are expected to be particularly relevant

due to the global savings glut, and I will then compare this with the pre-2003 period.

Figure 3: Simple FLY index and Full FLY index compared with the VIX

Note: the figure plots the simple version of the FLY index, based on the simple safe assets library .#°, and
the full version of the FLY index, based on the full safe assets library .Z, and compares each of them to the
VIX (with units on the right axis); details on the construction of the FLY are described in section III.1; the
VIX is from the CBOE; the correlation between each version of the index and the VIX is shown at the top
of each graph; the frequency is monthly.

To further investigate the relationship of the FLY to the VIX and to natural interest
rates, I use a VAR with the full FLY index, the VIX, and the estimate of R* for the US
plotted above. Specifically, we want to better assess two ideas: first, that the VIX is one

of the components driving the FLY, but does not fully explain its fluctuations; and second,
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that the FLY can capture phenomena like the global savings glut, and generally that the
hunger for safe assets that it measures can be associated with declines in natural interest
rates. For this reason, I use the following ordering for the VAR: VIX first, FLY second, and
R* last. I then plot impulse responses to innovations in the VIX and the FLY, identified via
Cholesky decomposition. The results are plotted in Figg. 5-6.

Figure 4: Simple FLY index and Full FLY index compared with R*

Note: the figure plots the simple version of the FLY index, based on the simple safe assets library .#°, and
the full version of the FLY index, based on the full safe assets library £, and compares each of them to an
estimate of R* (in %, with units on the right axis); details on the construction of the FLY are described
in section IIL.1; the estimate of R* is from Holston, Laubach, and Williams (2023); the correlation between
each version of the index and R* is shown at the top of each graph; the frequency is monthly.
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Figure 5: Impulse responses to a VIX innovation

Note: the figure plots the impulse response functions in response to an orthogonalized VIX shock, obtained
via Cholesky decomposition in a VAR with VIX, FLY, and R*, in that ordering; the lag is 1 and was selected
according to the Akaike information criterion; shaded areas denote 90% confidence intervals; the VIX is from
the CBOE; the estimate of R* is from Holston et al. (2023).

Figure 6: Impulse responses to a FLY innovation

Note: the figure plots the impulse response functions in response to an orthogonalized FLY shock, obtained
via Cholesky decomposition in a VAR with VIX, FLY, and R*, in that ordering; the lag is 1 and was selected
according to the Akaike information criterion; shaded areas denote 90% confidence intervals; the VIX is from
the CBOE; the estimate of R* is from Holston et al. (2023).

The results corroborate both stories. As Fig. 5 shows, an innovation in the VIX
foreshadows both an increase in the FLY and a decline in R*: this makes sense, as it
suggests an increase in volatility generates a precautionary motive for demanding more safe
assets and saving more, thus lowering the natural interest rate. However, as Fig. 6 shows,
there are also innovations in the FLY that are not driven by volatility and are thus unrelated
to the VIX, which in fact does not respond to them. These innovations still matter greatly
for the natural interest rate, which indeed declines considerably. For reference, since the
FLY is standardized, a unitary shock corresponds to a one standard deviation shock; this
corresponds, for instance, to about a quarter of the increase that can be observed in the

FLY at the height of the financial crisis, and, as the figure shows, it foreshadows an up to
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20 basis points decline in the natural interest rate.

IV Safety with fixed factor loadings

Before allowing for safety to change over time, as a first assessment of its importance across
countries, I start by assuming that it is constant over the full sample, and then over two
subsamples obtained by splitting the series around a key event: the global financial crisis. I
describe here the data that I will use for both this section and the next one, where safety
is allowed to be time-varying. After describing the data, I briefly show some takeaways of

constant safety and some comparisons between the pre- and post-crisis periods.

IV.1 Data

I download data on local-currency-denominated sovereign bond yields from Bloomberg for
a total of 40 countries, covering maturities between 3 months and 10 years. The countries
include 24 advanced economies and 16 emerging economies, according to country groupings
from the International Monetary Fund. For 8 countries, foreign-currency-denominated bond
yields are also available, but are not used in the analysis. The panel is unbalanced, but the
oldest data dates to 1991. A summary of the available data is provided in Table A3.

I approximate returns on the sovereign bond of country j with maturity m by using
the first-difference of yields, Ayf’m = yi"m — yi_"} Given the presence of a heterogeneous
group of countries, some of which have structurally more volatile yields, I standardize the

change in yields in each country by its standard deviation:

Ayt}m

AGI™ =
tT viag T

To further reduce the effect of outliers, I finally winsorize this object at the 1st and 99th

percentiles.

IV.2 The safe asset set and global safety rankings

Following the intuition that the safety of a bond can be assessed by looking at its comovement
with global demand for safe assets, I run the following set of regressions: using monthly data,

separately for each country j, I run
AG™ = 4 BPVIFLYS o (22)
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Note that the regression uses information on yields of different maturities, but includes a
maturity fixed effect to control for heterogeneity across maturities. This is equivalent to
demeaning the left-hand side variable by each country-maturity mean. Here FLY/ is the
percentage change in the full FLY index (for the rest of the paper, when I mention the FLY
[ will always be referring to its full version unless otherwise stated).

If we think back to definition 4, 3¥LYJ maps into the (negative of) B770% we had
defined there:'° the FLY, as an indicator of global flight to safety, provides a measure of 6%,
and thus the sign of the country loading on the FLY is informative about whether its debt is
safe, neutral, or risky. By assuming 37%Y7 to be fixed, the resulting estimates should give us
an idea of which bonds, on average over the whole sample, behave as safe assets, which ones
behave as risky assets, and which ones are neutral. Fig. 7 shows a bar graph of the factor
loadings on the FLY index (37F¥), using data from 1991 to 2021. A few things stand out.
The US and Switzerland sit at the top with the largest loading on safety. A number of other
countries rank just after the US and display significant safety betas. In fact, this method
indicates a whole set of safe assets; the members of this group are relatively usual suspects,
comprising countries traditionally considered to be safe havens. Some other countries appear
to be neutral, and the remaining ones seem to be risky.

BFLY:3’g obtained by re-estimating (22) in a pre-

Fig. 8 presents a comparison of the
crisis (1991-2008) and a post-crisis (2009-2021) subsample, for a selection of countries. A
few things stand out by comparing it to Fig. 7. First, one can immediately notice that
the composition of the safe asset basket changed after the crisis. Some countries that were
perceived as safe before the crisis retained that status, but several other lost it, including two
(Austria and France) who transitioned to neutral and, not surprisingly, Ireland, Italy, and
Portugal, which transitioned to risky (plus Spain, which switched from neutral to risky).
A few countries that were neutral before the crisis gained a safe asset status afterwards
(Canada, Denmark, Japan, and the United Kingdom).!!

Another interesting finding that emerges from the plot is that, even within the set of safe
assets, there was a considerable resorting after the crisis: the US emerged as the safest of the
group; some countries, like Australia, Canada, Germany, and Norway, also saw their relative
safety increase; others, like Switzerland and South Korea, instead experienced a decline in
their relative safety. A natural question is then what exactly these safety rankings looked

like before and after the crisis, and whether we can say something about their significance

10The change in yields approximates the negative of the return, so 37 %¥7 and ﬁTB'j’es have opposite signs.
HT also assessed the safety of gold before and after the financial crisis: its role as a systematic safe haven
seems to emerge largely after the crisis, while before the crisis the coefficient is not statistically significant.
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— i.e., if the US is at the top, does it mean it is really safer than the others, or can we not

reject that they are all equally safe?

Figure 7: Loadings on the FLY index by country, 1991-2021

Note: each bar corresponds to a country j; the ISO-2 code of the corresponding country is reported on
the y-axis; the associated x-axis value is the estimated BFLY. from running regression (22) for country j
in the period from 1991 to 2021, using monthly data; grey bars denote 90% confidence intervals; countries
highlighted in green have a negative and statistically significant BF LY.J (the safe group); countries highlighted
in yellow have a non-statistically-significant BF LY.J (the neutral group); countries highlighted in red have a

positive and statistically significant SFLY+ (the risky group) .

Answering this question requires testing whether the differences between the US safety
beta and the betas of other countries are statistically significant. To do so, I re-estimate
(22), but this time I stack the dataset, and run all the regressions together. This allows me
to compute standard errors for the difference pFLY77US — gFLY.US and test it. The results
are presented in Table 1. Perhaps surprisingly, before the financial crisis, there was one
country, Switzerland, that appeared to be seen as even safer than the US, and, for most of
the other countries in the safe group, we cannot reject that they were just as safe as the US.
The situation changed drastically after the crisis: now only for two countries, Australia and
Norway, we cannot reject that they are as safe as the US; with all the others, even those

that remained safe, the US dominates. An interesting conclusion from this analysis would
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be that, even though the US has been the key global safe asset supplier since World War
I1, its safety, at least if one starts looking from the 1990s, was still comparable to that of a
few other countries. The emergence of the US as the safest asset seems to be a more recent
phenomenon, probably driven by the combination of the global savings glut, the financial
crisis, and the euro debt crisis, which taken together led to an increase in safe assets demand
and a decrease in its supply, so that the shortage made investors converge on American
bonds. All in all, one thing the results in this section highlight is that safety can oscillate

and switch over time. The next question, then, is how to capture these safety switches.

Figure 8: Safety transitions before and after the global financial crisis

Note: each line corresponds to a country j; the ISO-2 code of the corresponding country is reported on the
y-axis; the associated value is the estimated BF LY.J from running regression (22) in the period from 1991 to
2008 (for pre-crisis) and from 2009 to 2021 (for the post-crisis), using monthly data; the top row of plots
focuses on a selection of countries that were safe in the pre-crisis period, and maps their pre-crisis loadings
into their post-crisis loadings; the bottom row of plots focuses on a selection of countries that were neutral
in the pre-crisis period, and maps their pre-crisis loadings into their post-crisis loadings; see the note in Fig.

7 for more info on the color coding.
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Table 1: Safety betas relative to the US

Pre-crisis Post-crisis Full sample

BFLYj  BFLY.j _BFLYUS — BFLYj  BFLY,j_JFLYUS  3FLYj  BFLY.j_JFLY.US

—0.17" —0.26* —0.23"
US (0.7 - (0.04) - (0.02) -
_0'35*** _0'18** _0.16*** 0'10*** _0'24*** _0.02
CH  (0.10) (0.07) (0.01) (0.03) (0.04) (0.04)
—0.31 —0.14 —0.08%** 0.18*** —0.18** 0.05
KR (0.08) (0.12) (0.01) (0.03) (0.04) (0.03)
—0.20"** —0.03 —0.19** 0.07** —0.20%* 0.03
SE (0.01) (0.07) (0.02) (0.03) (0.01) (0.02)
—0.15 0.02 —0.24" 0.02 —0.20% 0.02
AU (0.02) (0.07) (0.01) (0.03) (0.01) (0.02)
—0.15* 0.03 —0.03 0.23%* —0.07 0.15*
CN (0.09) (0.10) (0.02) (0.05) (0.01) (0.03)
—0.15* 0.03 0.29** 0.55%** 0.11%* 0.34***
IT  (0.04) (0.05) (0.01) (0.04) (0.01) (0.02)
—0.14** 0.03 0.01 0.27%%* —0.06** 0.17%*
AT (0.06) (0.08) (0.01) (0.04) (0.03) (0.02)
DE (0.0 (0.05) (0.01) (0.03) (0.02) (0.01)
—0.13 0.04 —0.13%* 0.13%* —0.13 0.10**
NL (0.04) (0.06) (0.01) (0.03) (0.02) (0.01)
—0.13" 0.04 —0.11+ 0.15%** —0.12% 0.11%*
FL  (0.05) (0.05) (0.01) (0.03) (0.02) (0.01)
—0.12" 0.05 —0.23 0.03 —0.18** 0.04
NO  (0.04) (0.10) (0.04) (0.03) (0.03) (0.04)
—0.11% 0.06 0.12* 0.38%* 0.03 0,25
BE  (0.05) (0.06) (0.02) (0.05) (0.02) (0.01)
—0.11% 0.07 0.17%* 0.43%* 0.05% 0.28%**
IE - (0.02) (0.05) (0.03) (0.07) (0.03) (0.04)
—0.09 0.08 0.03** 0.29%** ~0.02 0.20*
CL (0.06) (0.11) (0.01) (0.04) (0.03) (0.04)
—0.08"* 0.10%* 0.01 0.27%* —0.03 0.20**
FR - (0.04) (0.04) (0.01) (0.04) (0.02) (0.01)

Note: the table reports the estimated differences between each country’s safety beta and the US safety
beta, i.e. BFEYIFUS _ gFLY.US "ghtained by running a stacked version of (22) for 1991-2021 (full sample),
1991-2008 (pre-crisis), and 2009-2021 (post-crisis); *,** ,*** denote significance at the 1%, 5%, and 10% level,

respectively.
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V Finding safety switches

The previous section highlighted an example of safety switches that can be identified by
splitting the sample and looking at how the safety beta changes between the two subsamples.
However, to really identify safety switches, we want to take this reasoning to an extreme.
Thinking back about the model and definition 4 again, safety was defined by the sign of

" B’j’es, and it changed over time as (3; 9.0° fluctuated, driven by all the variables driving
demand for safe assets: fundamentals, idiosyncratic risk, and the non-fundamental drivers of
convenience yields and bond exposures to aggregate and country-specific risk. Connecting
back to that reasoning, I allow for Bf Y7 to change period-to-period.

More specifically, I estimate an autoregressive Markov-switching version of (22), for
each country-maturity bond, allowing for intercepts, variances, and the safety beta to switch
between two regimes. The model can be written as

AGE™ = A" 4 BT PLYS + @ (AR — A"+ Bl FLYS ) ™ (28)
where s; = 1,2 denotes the regime at time ¢ and agj’m is also allowed to switch. Since
the model has to be estimated for each country-maturity pair individually, to account for
heterogeneity across maturities, I demean each gjt"m by its overall mean — akin to the fixed
effects in specification (22). The presence of an AR(1) component makes the process more
gradual and less abrupt, which seems reasonable when considering the safe-asset status of a
bond, and is also appropriate given that this estimation now relies on quarterly instead of
monthly data — this is to avoid the issue of temporal aggregation when mapping into the
frequency of macroeconomic variables that will be used in the following section.

The model is going to return estimates of SZ%¥¥™ for each country and maturity. In
BELY.jm

line with the previous section, I call regime s, “safe” if is negative and statisti-

cally significant (at the 90% level); I call regime s, “neutral” if grt¥-im

BELY.jm
St

is not statistically
significant; and I call regime s; “risky” if is positive and statistically significant.
A positive safety switch then occurs whenever a bond enters a safe regime; conversely, a
negative safety switch occurs when a bond enters a risky regime. To define switches at the
country level, I assume that a country experiences a switch if any of its short-term bonds

(3-month, 6-month, and 1-year maturities) experiences a switch.?

12T focus on short-term bonds because they are generally the most traded for safety and liquidity purposes.
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Figure 9: Estimated safety switches, selected countries

Note: green and red lines indicate positive and negative safety switches, respectively, obtained by estimating

the Markov switching model in (23) and then following the procedure described in the text.

Fig. 9 shows the resulting safety switches for a selection of countries.'> There are some

13The spikes in the plot correspond to periods in which one of the country’s short-term bonds experiences
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countries, like Switzerland, that are always safe, and therefore never experience any switch
(hence why Switzerland is not plotted). There are others, like Germany and Norway, that
are never risky, but switch in and out of enjoying a safety status. Spain and Portugal, on the
other hand, are examples of countries whose bonds behaved as both safe and risky assets in
different periods.

Fig. 10 shows the resulting total number of switches by year. Switches appear to be
fairly distributed over time, especially positive ones. The biggest concentration of positive
switches happens during the early 2000s, probably following the emergence of the global
savings glut and the creation of the euro area. Many positive switches then occur again
during the financial crisis, the euro debt crisis, and Covid, although many switches also
occur outside of these crisis periods. Negative switches also occur outside of crisis periods,
although larger occurrences are concentrated around the Great Recession, the euro debt

crisis, and Covid.

Figure 10: Total number of positive and negative safety switches each year

Note: the figure plots the total number of positive and negative switches occurring each year across all

countries.

a safety switch. However, the figure does not indicate how long the bond remains in the “safe” state after a
positive switch or in the “risky” state after a negative one. The lines should therefore not be interpreted as
representing the duration of these states. For example, Italy shows only a single spike in 2011, corresponding
to a negative switch. This does not imply that the subsequent period of riskiness ended immediately; in fact,
the model estimates indicate that Italy remained risky until 2013.
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VI Macroeconomic dynamics around safety switches

At this point, we have a panel of positive and negative safety switches. I collect additional
data on GDP, consumption, investment, and government spending from the International
Monetary Fund; on debt as a share of GDP from the IMF-World Bank Public Sector Debt
database; and on average credit ratings from the World Bank Fiscal Space Database.!* 1
then run the following local projections for y equal to GDP, consumption, investment, and

government spending

100- B YL 5y 54 A switeh 4+ Ay switeh 4+, -100- 2221 Vit

+Ujyn, (24
Yjt—1 Yjt—2 o ( )

and the following local projections for y equal to debt-to-GDP ratios (in %) and credit

ratings (translated into a numerical equivalent)
Yjt+h — Yjt—1 = 5@ + (515 + /\Z_ . SWitCh;’—t + /\}: . SWitChj_’t + wp - (yj7t_1 - yj,t—Q) + Ujt+h - (25)

The horizons are h = 0,1,...20. Here, switch™ and switch™ denote positive and negative
safety switches, respectively. Notice the presence of country and time fixed effects and a
control for the lagged value of the dependent variable. Following the discussion in Section
I11.3, I focus my baseline analysis on the post-2002 period when the global savings glut made
safe-assets dynamics particularly relevant, and in advanced economies, which were the ones
most directly impacted by the phenomenon.

Fig. 11 shows the resulting local projections for GDP and its components. Safety
switches are associated with sizable movements in macroeconomic variables. Positive switches
(in green) are associated with expansions in consumption and GDP and increases in gov-
ernment spending. The story is different for negative switches (in red). Consumption,
investment, and GDP all contract considerably, and government spending falls.

Fig. 12 shows the local projections for debt-to-GDP ratios and credit ratings. Positive
and negative safety switches respectively foreshadow upgrades and downgrades in ratings.
The behavior of debt-to-GDP is opposite: positive safety switches are associated with a
persistent decrease in debt; conversely, negative switches are associated with an equally
persistent, but twice as large, increase in debt. In both cases, the adjustment comes from
long-term debt, while short-term debt does not move much. As a result, the maturity

structure seems to get shorter after positive switches, and longer after negative switches. The

“Further details can be found in Kose, Kurlat, Ohnsorge, and Sugawara (2022); I use the 2021 version of
the data.
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rationale is probably opposite: while for negative switches it is likely a rollover risk story,
for positive switches the cheapness of short-term debt outweighs the insurance benefits of
long-term debt in the trade-off the government faces when adjusting the maturity structure
of its debt in response to a switch. As a result, newly-safe governments that want to reduce
their debt but still need to borrow will do the borrowing via short-term debt and will do
the debt reduction through the long-term margin. The result is a tilting of the maturity

structure towards shorter maturities.

Figure 11: Macroeconomic dynamics after safety switches: positive switch to safe (green)

and negative switch to risky (red)

Note: dark green lines plot the estimated 5\: obtained by running regression (24); dark red lines plot the
estimated 5\; obtained by running the same regressions; shaded areas denote 90% confidence intervals;

standard errors for the confidence intervals are block-bootstrapped to cluster by country.
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Figure 12: Debt dynamics after safety switches: positive switch to safe (green) and negative

switch to risky (red)

Note: dark green lines plot the estimated 5\; obtained by running regression (25); dark red lines plot the
estimated /A\,; obtained by running the same regressions; shaded areas denote 90% confidence intervals;

standard errors for the confidence intervals are block-bootstrapped to cluster by country.

VII Conclusion

This paper presents a model for thinking about sovereign safety and for defining it in a way
that can be taken to the data. It introduces a novel, news-based index of global demand for
safe assets, the FLY, which picks up relevant flight-to-safety episodes and the global savings
glut, and predicts movements in the natural interest rate. It then proposes a methodology
that exploits the FLY to identify switches in a bond’s safety through changes in the sign
and significance of its loading on the index. Safety switches are common and are associ-
ated with sizable movements in macroeconomic variables among advanced economies in the
post-global-savings-glut period: positive switches (i.e. becoming safe) are associated with
expansions, increases in government spending, and lower debt with a shorter maturity struc-

ture; conversely, negative switches (i.e. becoming risky) are associated with contractions,
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decreases in government spending, and higher debt with a longer maturity structure.

The findings have potentially relevant policy implications. The relationship between
the FLY and the natural interest rate highlights the impact that worldwide savings patterns
and hunger for safe assets can have for international interest rates, bond markets, and the
financial system as a whole. At the country level, results for negative switches suggest
dire consequences for countries’ fragility, and emphasize the importance of retaining fiscal
space. Symmetrically, positive switches do seem to provide additional fiscal space that the
government uses to finance more spending. Exploiting the benefits of positive switches
productively seems desirable, but should not come at the cost of eroding the fiscal situation
of the country, as that could ultimately prove detrimental if the safe-asset status is lost again

— something poorer fiscal fundamentals might also directly contribute to.
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A Additional tables

Table Al: NBER papers used to construct the safe assets library

Authors Title Date JEL Number
Ben Bernanke, Mark Gertler, Simon THE FINANCIAL ACCELERATOR AND THE
ars July 1994 N/A 4789
Gilchrist FLIGHT TO QUALITY
STOCHASTIC TAXATION AND ASSET
Clemens Sialm PRICING IN DYNAMIC GENERAL October 2002 G1, H2, E4 9301
EQUILIBRIUM
Harvey S. Rosen, Stephen Wu PORTFOLIO CHOICE AND HEALTH STATUS January 2003 G11, 119 9453
A Pavl Roberto Rigob WEALTH TRANSFERS, CONTAGION, AND J 2005 G12, G15, F31, F36 11440
nna Pavlova, Roberto Rigobon PORTFOLIO CONSTRAINTS June 5 s 5, s
Ricardo J. Caballero, Arvind FINANCIAL SYSTEM RISK AND FLIGHT TO December E30, E44, E5, F34, 11834
Krishnamurthy QUALITY 2005 G1, G22, G238
Ricardo J. Caballero, Arvind FLIGHT TO QUALITY AND COLLECTIVE E30, E44, E5, F34,
. March 2006 12136
Krishnamurthy RISK MANAGEMENT G1, G22, G28
Ricardo J. Caballero, Arvind COLLECTIVE RISK MANAGEMENT IN A Feb 2007 E30, E44, E5, F34, 12896
Krishnamurthy FLIGHT TO QUALITY EPISODE ebruary G1, G21, G22, G28
Markus K. Brunnermeier, Lasse Heje MARKET LIQUIDITY AND FUNDING
February 2007 G12, G21, G24 12939
Pedersen LIQUIDITY
2
. i COMPETITIVE LENDING WITH PARTIAL October 2008,
William A. Brock, Charles F. Manski Revised July E43, G11, G18, H81 14378
KNOWLEDGE OF LOAN REPAYMENT 2009
Isil Erel, Brandon Julio, Woojin Kim, MARKET CONDITIONS AND THE
K K May 2009 E00, G01, G32 14952
Michael Weisbach STRUCTURE OF SECURITIES
John Y. C bell, Robert J. Shill Luis UNDERSTANDING INFLATION-INDEXED
onn ampbed, mober Hier, Luis May 2009 E43, E44, G12 15014
M. Viceira BOND MARKETS
St . p BAILOUTS, THE INCENTIVE TO MANAGE J 2009 GO1. G32. G33 15058
avros Tanageas RISK, AND FINANCIAL CRISES e RS
Frangois Gourio DISASTERS RISK AND BUSINESS CYCLES October 2009 E32, E44, G12 15399
Oliver D. Hart, Luigi Zingales INEFFICIENT PROVISION OF LIQUIDITY August 2011 E41, E51, G21 17299
Carol Bertaut, Laurie Pounder DeMarco, ABS INFLOWS TO THE UNITED STATES AND
’ August 2011 F3, G1 17350
Steven B. Kamin, Ralph W. Tryon THE GLOBAL FINANCIAL CRISIS
. A THE EFFECTS OF QUANTITATIVE EASING
Arvind Krishnamurthy, Annette E4, E5, G01, G14,
Vissi 3 ON INTEREST RATES: CHANNELS AND October 2011 Gis 17555
issing-Jorgensen
SSingTIorgense IMPLICATIONS FOR POLICY
November
o THE ROLE OF INFORMATION IN 2011, Revised
Ufuk Akcigit, Qingmin Liu D83, D92, 031 17602
COMPETITIVE EXPERIMENTATION November
2011
DYNAMIC ADVERSE SELECTION: A THEORY
Veronica Guerrieri, Robert Shimer OF ILLIQUIDITY, FIRE SALES, AND FLIGHT March 2012 D82, E44, G14 17876

TO QUALITY

50



NUMERICAL SOLUTION OF DYNAMIC

Yongyang Cai, Kenneth L. Judd, Rong Xu PORTFOLIO OPTIMIZATION WITH January 2013 C61, C63, G11 18709
TRANSACTION COSTS
J 2013 EO0, E02, E2, E3, E32
. - THE SUPPLY AND DEMAND FOR SAFE anuary 2822, e, s, B, BOL,
Gary B. Gorton, Guillermo Ordotniez Revised April E4, E41, GO01, G12, 18732
ASSETS
2020 G2
A MODEL OF THE SAFE ASSET MECHANISM January 2013, E32, E4, E5, E52,
Ricardo J. Caballero, Emmanuel Farhi (SAM): SAFETY TRAPS AND ECONOMIC Revised E62, E63, F3, F33, 18737
POLICY August 2013 F41, GO1, G1, G28
February
Ricardo J. Caballero, Emmanuel Farhi THE SAFETY TRAP 2014, Revised EO0, E1, E5, E52 19927
January 2017
Anil K. Kash Dimitrios P. T HOW DOES MACROPRUDENTIAL
nit . Bashyap, DHILrios £. LSomocos, REGULATION CHANGE BANK CREDIT May 2014 E44, GO1, G21, G28 20165
Alexandros P. Vardoulakis
SUPPLY?
. ) THE MACROECONOMICS OF SHADOW E44, E52, G01, G21,
Alan Moreira, Alexi Savov July 2014 20335
BANKING G23
Robert J. Barro, Jesus October 2014,
Ferndndez-Villaverde, Oren Levintal, SAFE ASSETS Revised May G1, EO0, E2 20652
Andrew Mollerus 2017
November
Frédéric Boissay, Russell Cooper THE COLLATERAL TRAP 2014, Revised E44, E51, G21, G23 20703
March 2016
October 2015
Ricardo J. Caballero, Emmanuel Farhi, GLOBAL IMBALANCES AND POLICY WARS ctober '
. .. . Revised EO, F3, F4, G0O1 21670
Pierre-Olivier Gourinchas AT THE ZERO LOWER BOUND
January 2021
Sebastian Edwards, Francis A. Longstaff, THE U.S. DEBT RESTRUCTURING OF 1933: November
¢ ; E43, E44, E65 21694
Alvaro Garcia Marin CONSEQUENCES AND LESSONS 2015
STRONG STERLING POUND AND WEAK
EUROPEAN CURRENCIES IN THE CRISES:
hin-ichi Fukud 201 F 12 1 21
Shin-ichi Fukuda EVIDENCE FROM COVERED INTEREST January 2016 36, G12, G15 938
PARITY OF SECURED RATES
Markus K. Brunnermeier, Luis Garicano,
. . . February
Philip Lane, Marco Pagano, Ricardo Reis, THE SOVEREIGN-BANK DIABOLIC LOOP 16. Revised E58, F34, G01, G15, 1
Tano Santos, David Thesmar, AND ESBIES 2016, Revise G21, G23 21993
Stijn Van Nieuwerburgh, Dimitri Vayanos June 2016
Zhiguo He, Arvind Krishnamurthy, WHAT MAKES US GOVERNMENT BONDS
Feb 2016 Eo, Fo, F3, GO, G11 22017
Konstantin Milbradt SAFE ASSETS? ehruany PET S B
Ricardo J. Caballero, Emmanuel Farhi, SAFE ASSET SCARCITY AND AGGREGATE
: e ) February 2016 EO, F3, F4, G1 22044
Pierre-Olivier Gourinchas DEMAND
THE HISTORY AND ECONOMICS OF SAFE . E3, E41, E42, E44,
Gary B. Gorton April 2016 22210
ASSETS E5, G2
Zhiguo He, Arvind Krishnamurthy,
A A A MODEL OF SAFE ASSET DETERMINATION May 2016 E44, F33, G15, G28 22271
Konstantin Milbradt
J b Boudoukh. Jord B ks, Matth THE COMPLEXITY OF LIQUIDITY: THE
acob Boudoukh, Jordan Brooks, Matthew EXTRAORDINARY CASE OF SOVEREIGN August 2016 F3, G1, G12, G15 22576

Richardson, Zhikai Xu

BONDS
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REAL INTEREST RATES, IMBALANCES AND

Septemb
Pierre-Olivier Gourinchas, Hélene Rey THE CURSE OF REGIONAL SAFE ASSET epmel“é er E2, E4, F4 22618
PROVIDERS AT THE ZERO LOWER BOUND
December
G an Gutié Th Phili INVESTMENT-LESS GROWTH: AN 2016, Revised E22, G3 22897
ermén Gutiérrez, omas ilippon EMPIRICAL INVESTIGATION , Revise s
January 2016
March 2017,
Mark Egan, Stefan Lewellen, Adi Sunderam THE CROSS SECTION OF BANK VALUE Revised July G2, G21 23291
2021
. F32, F33, F34, F41,
Michael D. Bordo, Robert N. McCauley TRIFFIN: DILEMMA OR MYTH? January 2018 H63 24195
March 2018,
Zhengyang Jiang, Arvind Krishnamurthy, FOREIGN SAFE ASSET DEMAND AND THE Revised in a5 24439
Hanno Lustig DOLLAR EXCHANGE RATE September
2020
) . ) BANKING, TRADE, AND THE MAKING OF A .
Gita Gopinath, Jeremy C. Stein April 2018 EO0, FO, GO 24485
DOMINANT CURRENCY
Marina Asgimonti. Pi Vared THE OPTIMAL PUBLIC AND PRIVATE Aoril 2018 E21, E25, E62, H21, 24534
arina Auslmontl, Tierre Yare PROVISION OF SAFE ASSETS P H63
. September
Maarten Meeuwis, Jonathan A. Parker, BELIEF DISAGREEMENT AND PORTFOLIO 2018. Revised D14, D84, E71, G11, 25108
evise
Antoinette Schoar, Duncan I. Simester CHOICE ’ G12, G40
June 2021
FLOATING RATE MONEY? THE STABILITY N b
ovembe
Matthias Fleckenstein, Francis A. Longstaff PREMIUM IN TREASURY FLOATING RATE ‘2’0‘?8 t G12, G18 25216
NOTES
A GLOBAL SAFE ASSET FOR AND FROM December
Markus K. B i L H E42, E43, F32, F 2
arkus runnermeier, Lunyang Huang EMERGING MARKET ECONOMIES 2018 N 3, F32, F33 5373
Gary Gorton, Toomas Laarits, Tyler Muir 1930: FIRST MODERN CRISIS January 2019 E02, E3, GO1 25452
THE CURRENCY COMPOSITION OF
Joshua Aizenman, Yin-Wong Cheung, INTERNATIONAL RESERVES, DEMAND FOR
. . June 2019 F15, F3, F31 25934
Xingwang Qian INTERNATIONAL RESERVES, AND GLOBAL
SAFE ASSETS
les H. Bi illi F. E41, E43, E44, E52
Jules H. van Binsbergen, William RISK-FREE INTEREST RATES August 2019 » B3, Bad, E52, 26138
Diamond, Marco Grotteria E58, G12, G15
A REQUIEM FOR “BLAME IT ON BEIJING”: Septemb
Menzie D. Chinn, Hiro Tto INTERPRETING ROTATING GLOBAL e‘;gi‘) er F32, F41 26226
CURRENT ACCOUNT SURPLUSES
Carolin Pflueger, Emil Siriwardane, Adi FINANCIAL MARKET RISK PERCEPTIONS September
E03, E22, E44, G12 26290
Sunderam AND THE MACROECONOMY 2019
) ) ) ) FLIGHT TO SAFETY: HOW ECONOMIC October 2020,
Shai Bernstein, Richard R. Townsend, Ting . E32, J22, J24, L26,
DOWNTURNS AFFECT TALENT FLOWS TO Revised 27907

Xu

STARTUPS

August 2021

M13
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Robert J. Barro

R MINUS G

October 2020,

Revised June E21, G12, O4 28002
2021
April 2021,
S to B Gi Candi R, Revised
usanto Dasu, lacomo andian, fyan RISKY BUSINESS CYCLES evise E24, E32, G12 28693
Chahrour, Rosen Valchev November
2021
. ) ) A THEORY OF THE GLOBAL FINANCIAL September
J. Scott Davis, Eric van Wincoop F30, F40 29217
CYCLE 2021
. THE FLIGHT TO SAFETY AND September
Rohan Kekre, Moritz Lenel E44, F44, G15 29238
INTERNATIONAL RISK SHARING 2021
EXTERNAL BALANCE SHEETS AND THE Septemb
Galina Hale, Luciana Juvenal eptember F32, F34, G15 29277
COVID-19 CRISIS 2021
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Table A2: Bigrams used for the construction of the full index

safe asset
public debt
convenience yield
risky asset
flight quality
risk premia
safety trap
risk premium
basis point
asset position
treasury basis
excess return
demand safe
supply safe
safe debt
gold clause
private asset
deposit productivity
equity premium
asset productivity
bond yield
periphery country
safe dollar
deposit rate
home bias
term trade
riskfree rate
sovereign debt
cash flow
currency composition
credit market
treasury yield
real rate
default risk

inflationindexed bond
valuation effect
market liquidity
sterling pound
equity share
home foreign
treasury security
probability disaster
financial autarky
hedge fund
commercial paper
interbank market
global imbalance
term structure
debt issuance
libor basis
domestic bond
position safe
safety shock
safe interest
treasury note
expect return
bond price
relative risk
bond return
treasury bond
shortterm debt
sovereign bond
liquidity shock
risk free
asset market
asset return
bank value

asset demand

wealth share
newly issue
euro crisis
global riskaversion
banking sector
asset provider
safe claim
danish krone
portfolio share
perceive risk
liquidity provision
bidask spread
float rate
value safe
save glut
basis swap
external finance
return equity
asset pricing
fiscal capacity
collateral trap
treasury bill
stock return
risk perception
credit quality
treasury agency
rate note
corporate bond
debt issue
collateral value
knightian uncertainty

riskaversion shock
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Table A3: Summary of bond data used

ISO 2 code Country IMF classification Time Currencies Maturities

AT Austria advanced Jan-1995 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
AU Australia advanced May-1991 : Dec-2021 AUD 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
BE Belgium advanced Jan-1995 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
BR Brazil emerging Apr-2007, Apr-1998 : Dec-2021 BRL, USD 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
CA Canada advanced Jul-1991 : Dec-2021 CAD 3M, 1Y, 2Y, 3Y, 7Y, 10Y

CH Switzerland advanced Mar-1994 : Dec-2021 CHF 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
CL Chile emerging Nov-2005 : Dec-2021 CLP, USD 3M, 1Y, 2Y, 3Y, 5Y, 7Y

CN China emerging Apr-2003 : Dec-2021 CNY 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
CcO Colombia emerging Nov-2004, Jan-1998 : Dec-2021 COP, USD 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
CZ Czech Republic advanced Feb-1997 : Dec-2021 CZK 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
DE Germany advanced Nov-1991 : Dec-2021 EUR 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
DK Denmark advanced Mar-1994 : Dec-2021 DKK 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
ES Spain advanced Jul-1993 : Dec-2021 EUR 3M, 1Y, 2Y, 3Y, 7Y, 10Y

FI Finland advanced Oct-1998 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
FR France advanced May-1992 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
GB United Kingdom advanced May-1991 : Dec-2021 GBP 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
HU Hungary emerging Feb-1999 : Dec-2021 HUF 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
ID Indonesia emerging Aug-2003 : Dec-2021 IDR 3M, 1Y, 2Y, 3Y, 7Y, 10Y

IE Ireland advanced Mar-1994 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
IL Israel advanced Apr-2005 : Dec-2021 ILS 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
IT Italy advanced May-1997 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
JP Japan advanced Oct-1992 : Dec-2021 JPY 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
KR South Korea advanced Nov-2000, Jan-1998 : Dec-2021 KRW, USD 3M, 6M, 1Y, 2Y, 3Y, 7Y, 10Y
MX Mexico emerging Mar-2003, Jan-1998 : Dec-2021 MXN, USD 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
MY Malaysia emerging Oct-1999 : Dec-2021 MYR 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
NL Netherlands advanced May-1991 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
NO Norway advanced Aug-1998 : Dec-2021 NOK 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
NZ New Zealand advanced Apr-1992 : Dec-2021 NZD 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
PE Peru emerging Sep-2007, Mar-2006 : Dec-2021 PEN, USD 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
PH Philippines emerging Sep-2001, Jan-2001 : Dec-2021 PHP, USD 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
PL Poland emerging Jun-1999 : Dec-2021 PLN 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
PT Portugal advanced Jan-1995 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
RO Romania emerging Dec-2010 : Dec-2021 RON 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
RU Russia emerging Jul-2007 : Dec-2021 RUB 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
SE Sweden advanced Mar-1994 : Dec-2021 SEK 1Y, 2Y, 3Y, 5Y, 7Y, 10Y

SK Slovakia advanced May-2003 : Dec-2021 EUR 3M, 6M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
TH Thailand emerging Jul-1999 : Dec-2021 THB 3M, 1Y, 2Y, 3Y, 7Y, 10Y

TR Turkey emerging Jul-2010, Aug-2000 : Dec-2021 TRY, USD, EUR 3M, 1Y, 2Y, 3Y, 5Y, 7Y, 10Y
us United States advanced May-1991 : Dec-2021 USD 3M, 1Y, 2Y, 3Y, 7Y, 10Y

ZA South Africa emerging Jan-1995 : Dec-2021 ZAR 3M, 6M, 1Y, 2Y, 3Y, 7Y, 10Y
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B Additional figures

Figure B1: Wordcloud summarizing the relative frequency of the bigrams in Mankiw’s Prin-

ciples of Economics

Note: The figure shows the list of the top 100 bigrams in the economics library, .£°“°", which is based on
the eighth edition of Greg Mankiw’s Principles of Economics (Mankiw, 2017); the size of each bigram k
is proportional to its frequency fi(-£°“°"); the construction of the library and frequencies is described in

section III.1.
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Figure B2: Simple FLY index and Full FLY index compared with the EPU

Note: the figure plots the simple version of the FLY index, based on the simple safe assets library .#°, and
the full version of the FLY index, based on the full safe assets library .Z, and compares each of them to the
Economic Policy Uncertainty Index (EPU, with units on the right axis); details on the construction of the
FLY are described in section III.1; the EPU is from Baker et al. (2016); the correlation between each version
of the index and the EPU is shown at the top of each graph; the frequency is monthly.

Figure B3: Simple FLY index and Full FLY index compared with the global financial factor

Note: the figure plots the simple version of the FLY index, based on the simple safe assets library .#°, and
the full version of the FLY index, based on the full safe assets library ., and compares each of them to
the Global Financial Factor (GFF, with units on the right axis); details on the construction of the FLY are
described in section I11.1; the GFF is from Miranda-Agrippino and Rey (2021); the correlation between each
version of the index and the GFF is shown at the top of each graph; the frequency is monthly.
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Figure B4: Simple FLY index and Full FLY index compared with the price of gold

Note: the figure plots the simple version of the FLY index, based on the simple safe assets library .#°, and
the full version of the FLY index, based on the full safe assets library ., and compares each of them to the
price of gold (with units on the right axis); details on the construction of the FLY are described in section
II1.1; the price of gold is from the Federal Reserve Economic Data; the correlation between each version of
the index and the price of gold is shown at the top of each graph; the frequency is monthly.

Figure B5: Simple FLY index and Full FLY index compared with the detrended price of
gold

Note: the figure plots the simple version of the FLY index, based on the simple safe assets library .#°, and
the full version of the FLY index, based on the full safe assets library ., and compares each of them to the
detrended (HP-filtered) price of gold (with units on the right axis); details on the construction of the FLY
are described in section III.1; the price of gold is from the Federal Reserve Economic Data; the correlation
between each version of the index and the detrended price of gold is shown at the top of each graph; the
frequency is monthly.
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Figure B6: Simple FLY index and Full FLY index compared with the return of gold

Note: the figure plots the simple version of the FLY index, based on the simple safe assets library £, and
the full version of the FLY index, based on the full safe assets library ., and compares each of them to the
return of gold (with units on the right axis); details on the construction of the FLY are described in section
IIT1.1; the price of gold is from the Federal Reserve Economic Data; the correlation between each version of
the index and the return of gold is shown at the top of each graph; the frequency is monthly.
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C Model derivations

I follow the derivation in Brunnermeier et al. (2022a), adapted to accommodate the exten-
sions involving multiple countries, country-specific risk, and time-varying convenience yields.

First, let us recap the equations from the setup in the main text. On the production side,

output is produced linearly from capital, y; = a;k],, and the law of motion of individual

capital is '
dkzj't J = 17]
? = ((I)(th) - (S)dt + O'tdZZ-t y (Cl)
it

where ®(v;) = éln(l + ¢tit). On the consumption side, preferences are given by

o'} 1
UZ{]—E{/ ept{lncgt+/ vfllnbﬁj/dj}} . (C2)
0 0

On the government side, nominal debt follows an exogenous process

dB/

.y
B p At (C3)

and the government faces the budget constraint
i/ B] + PlgK! = ' B + Pl7}a,K] . (C4)

We are going to focus on the price of capital and, for simplicity, scaled real value of bond

holdings
3 B]//P]/
B,j" t t

Bond and capital prices are assumed to follow standard Ito processes

Ao B’ 3 § B
qqéw = 08" At + 087 AZ, + o AW (C6)
t
dg/* , .
% = 0t + 07 a2, . (C7)
t
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Applying Ito’s lemma, bond returns are given by

AP o AP K] /B

drPd =i — Lt ot
' 1P/ 4?7 KI' | B]

_ [cp(bg';) Y ]dt + oAz, + @AWy,

and the diversified bond portfolio return is
drf = /dr?’j/dj'

= E[drP] + ( / UZB’j/dj’> dZ; .

Similarly, the capital return is

)at —dy dlg k)
Qt thszqt
(1-7 )at

rj_ (-
dr;,” =

J . . i >
_ S () — 6+ M?”} dt + o 9dZ, + 51dZy

q;

Finally, the equity return is
Arf? = By [arf?] + 0! 742, + 5,424
and the diversified equity portfolio return
drf = /dr{f’jdi .

Net worth evolves as

B B Kjqi K E Ej -FE
—it— It gliqrP 9B arE 4 08 Ars T — ol drl + 057 dFP
7 7 K2 (A (A K2 (A
Ty o

Portfolio choices are limited by two constraints: a home bias constraint

0 = R (6 +077) = e,

61

(C8)

(C10)

(C11)

(C12)

(C13)

(C14)



and a skin-in-the-game constraint
O’ < (1=x)0;" . (C15)
The total portfolio weight on bonds is
0, = 077 + 7 (C16)
Portfolio weights must also add up to 1:
027 + 057 4 05T — 9F 4 9B =1 (C17)

Finally, productivity, volatility of idiosyncratic risk, nominal interest rates, and convenience

benefits follow exogenous processes:

d
aat = podt + 00dZ, (C18)
t
5
= pldt +07dZ, , (C19)
o
dii i,j ~i 17877
S I de + @AW (C20)
U
d -
= At + QPAWT (C21)

t

C.1 Hamiltonian

Before writing down the Hamiltonian, use the home bias constraint to rewrite the portfolio
weights on domestic bonds and diversified bond portfolio as 6%/ = /67, and 95 I = (1-h)eY,.
In addition, use the fact that the portfolio weights have to sum up to one to get rid of
the portfolio weight on the diversified bond portfolio. Finally, let 533 =/ afB’j /dj’ and let

= [v{ dj’. Notice the non-pecuniary benefits from holding bonds can be split between
the holding of domestic and diversified portfolio, and in the diversified portfolio each bond

receives an equal infinitesimal weight, so that [v] "¢ nddj’ = v In 60l + v, In 95 Ind,.
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Therefore the Hamiltonian for the problem is

A = e P Incl, + e P! Inh0ln?, + e 5, In(1 — h)0nd, + fft{ —ci?

By drB] o (ByldrPY] Byfdrf] i (B drET] Ey[drP)
J t 7 hO7 t o t J grI it _ t
+ nzt dt + nlt 7“ it dt dt + nlt ot dt dt

g (B EJUPLY s (B Eildrf]
itVit dt dt it dt dt

B

. . . _ B . B7 . _ K7 . E7 . E, . K, . _ B
<ttt (ot = 1 (ot — ") = (610 ~ 05+ 089 0"~ "))
- . . K7 . E7 . = - . . . ) . - B
— &i& (Qit T =0y J)Ut — @ &m0
where §Zt is the costate (which corresponds to the stochastic discount factor), and ¢;:&;, Git&it,
and w@;&;; are its loadings on the Brownian motions dZt,dZt, and de , respectively. In

addition, remember the skin-in-the game constraint when taking first-order conditions with

respect to the capital and equity portfolio weights.

C.2 Deriving equilibrium prices and investment

FOCGs for consumption and investment give
CZ-Q = P”gt ’ (C22)

@ =1+ ¢ (C23)
Aggregating consumption within each country gives

K,j
q;

I = pN/ = .
t = PVi pl—@i

(C24)

where 07 = i 67,di and we have used the fact that ¢/’ = 6/ N/ = (1 — 67)N/ because
equity is in zero net supply and Hf I = 9? 7
Combining this with the investment FOC and substituting it into the goods market

clearing condition gives .
14 ¢

Y +g+id=a. (C25)
Yt

p
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Solving for L{ gives ‘
(1-0))(as—g)—p

[ = : C26
i 6l 1 op (C26)
Substituting this back into (C23) gives
N1 +ola—g
gf = (1- eg)—(jt ) (C27)
1—06; +op
By the definition of #77
Jl =t —qf C28
4y 1— eg Qt ) ( )
SO .
gPi — gl ol —g) (C29)
1—6] +¢p
Using the home bias constraint
: 1 _
B = ho Lo =9) (C30)
1—6] +¢p
C.3 Deriving the equilibrium process for asset demand
FOCs for portfolio shares give
E[dr77]  EyfdrP] B B i pvl
Edri?]  EJfdrP] 5, xs 0 amy e .
E [drlE’j] E,[drB] . K. B o .
d dtt - tdtt = 'L'jt (O';I 7 U)fq ) + gijto-t - gict’] ) <C33)
EdrZ)  EdrB] k. s
o g —wr el (C34)
where Eﬁ’j is the Lagrange multiplier on the skin-in-the-game constraint, and we have used
y —pt . . «qe . t rE‘j + rE’j .
the fact that &, = jm{t' Since in equilibrium E [‘zt” I _ E [ddtt ], the last two equations
immediately imply
Gy = Gyor (C35)

meaning the skin-in-the-game constraint always binds, as the RHS of this equation is always

strictly positive (as confirmed below). Since fft = f;f-t we have that the loadings of the
it
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costate correspond to the loadings of net worth on each of the Brownian motions

o= o = B0l 03l (0 — 05+ 0Pt (C36)
Gz]t = Uzt = (ez]tw - QEJ)Ut ) (C37)
ﬁgt - ‘Dz‘{ = sz'ijajt . (038)

Now use a few more conditions to simplify: because the skin-in-the-game constraint binds,
95 T =(1-— X)@ft( 7 because the home-bias constraint binds, Gf-f = £07; and in equilibrium,
054 = 95 7 and th( 7 = 1 — 8/ as portfolio choices are symmetric. So we can rewrite the

conditions as

= 0lho!" +01(1 — h)a? + (1 —0])od" (C39)
= (1-6})xa: , (C40)
&l = 0lhal . (C41)

Now, we can take the difference between (C10) and (C8), and take the expectations of this

difference to get:

Edry?]  Efdr?]  (I—t)a—d | x5 5. oy
it 1 = : T—pd T+ C42
dt dt qt[(,.] + 124 Ky + e ( )
If instead we take the difference between (C32) and (C31), we get
Eo[dri?] By[drP ] ; TN pvl
dtt — dtt =6 — 03 (1= x) — &)y (of " —of ) - wf-tfu.ut + —hetj . (C43)

Combining them, and substiting the expressions we derived for (C35) and (C39)-(C41), we
get

(1—7j)at—ej K B, _RB
th,j Ll =l + ol = (
t

1—6))x’a;
0/fio!" +01(1 = R)af” + (1= 8))of" 7| (of" — o)

J
Y e L C44
'+ 2 (1)
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From the government budget constraint, 7/ = g — ¢//ji;’’, and use ¢ = (1 — 8{)N{ and
qff,j = ﬁG{th to rewrite the LHS as

B,j-B.j j

(1_Tg)at_bg q¥.j B 4 . B,j’ ar — g+ q "y g qB.j - B.,j’
i + J ) + ) — + s ) _|__ )
th’] My 1 M (1— ei)Nt] M My M
1 a—g—1d h6! B
— - e‘z th t _I_/Jf B,j + _te],ut 2J +,ut 7.7 M? )
p g 1—0l+ /O] kB
g M J#ﬂig T—pi Y, (C45)
— Y — Y

where the last equahty follows from good market clearing and (C24). Now, apply Ito’s lemma

B,j
to1l—0] = qjtw and 077 = qN—tj to obtain

b= " = (@) = ot el (Cc46)

0. B j N,j N,j j _N, ~gB ~
T = " = (o = ot 0 (@) (o7
Combine them to obtain an expression for ,ufK’j
into (C45) to get

- /L?B’j , use (C41), and substitute the result

P del—e'z"’ﬁ/e'Z_ 0’j1+ﬁ—0'N’j

Sy ; My " —— t 4%
1 —o 1 —o h

(Ut 7

= o)+ (B - el )
(C48)

Finally, replace this as the LHS of (C44) and rearrange to get

1+h P . ( ﬁej ) ; _ : _ B p’Uj
0, B,j t J\L2~2 iN2p27~qB\2 t

= - 4+ 1+ -] —(1—-10 or + (07)°h° (@ — -, C49
Ky A 1 6% Ky 6% ( t)X t ( t) ( t ) fiGi ( )

E:[d67]

o7 to obtain equation (20) in the main text.

Write pf7 as
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