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Abstract

The first chapter studies the optimal maturity policy of sovereign debt within the frame-
work of long-scale asset purchase (LSAP) programmes. It presents a model wherein the fiscal
authority must navigate interest rate risk alongside a central bank engaging in LSAPs. The
model predicts that levels of agreement and coordination between the fiscal authority and
the central bank’s optimal policies vary depending on the macroeconomic conditions that
prompt LSAPs. These predictions find support in empirical evidence from the US, indicating
that the Treasury has adjusted its response to the Fed’s maturity extraction policies based
on the prevailing macroeconomic environment.

The second chapter proposes a novel approach to extract factors from large data sets
that maximise covariation with the quantiles of a target distribution of interest. From the
data underlying the Chicago Fed’s National Financial Conditions Index, we build targeted
financial conditions indices for quantiles of future US GDP growth. We show that our indices
yield considerably better out-of-sample density forecasts than competing models, as well as
insights on the importance of individual financial series for different quantiles. Notably,
leverage indicators co-move more with the median of the predictive distribution, while credit
and risk indicators are more informative about downside risks.

The third chapter studies bank lending decision when banks play a central role in deposit
and money creation while being subject to balance sheet constraints. It analyses how bank
lending is affected by the banks’ balance sheet dynamics in a low interest rates environment.
In addition, it replicates a liquidity shock such as the one that hit the U.S. Treasuries market
in March 2020, finding that capital requirements may limit banks’ activities in bond markets
following shocks like this. Finally, it shows that when banks’ leverage reaches high levels,

QE can transform liquidity crises into credit crises, worsening banks’ situation.
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1 SOVEREIGN DEBT, LSAPS AND INTEREST RATE RISK

1 Sovereign Debt, LSAPs and Interest Rate Risk

1.1 Introduction

In many countries, the management of government debt is typically considered separate
from monetary policy decisions. Traditionally, the fiscal authority oversees governnment
debt management, while the monetary authority (central bank) focuses on conducting mon-
etary policy. However, with the implementation of large-scale asset purchases (LSAPs)
programmes by central banks in recent decades, the distinction between the roles and tools
of these two entities has become increasingly blurred.

LSAPs fundamentally involve the central bank selling short-term and low-duration sovereign-
backed liabilities, such as central bank reserves (as seen in Quantitative Easing programmes)
or short-term government bonds (as in Operation Twist), while simultaneously purchasing
long-term and high-duration assets, typically long-term government bonds which are also
sovereign-backed liabilities. Consequently, LSAPs directly impact the net stock of sovereign
debt held by the public and the amount of interest rate risk borne by the government on a
consolidated basisﬂ In this respect, LSAPs can be viewed as akin to debt management op-
erations that are conducted by the central bank?] This raises questions about whether these
programmes align with the prescribed fiscal authority’s optimal debt management policy
and what factors drive the agreement or conflict between central banks and fiscal authorities
in these instances.

To address these questions, this paper investigates the factors influencing the optimal

L As discussed in detail in subsequent sections, balance sheets of both fiscal and monetary authorities are
here considered part of the consolidated public sector balance sheet.

2Central banks typically strive to steer clear of this perspective, aiming to avoid being perceived as
monetising deficits or interfering with the mandates of fiscal authorities. Bateman (2023) delves into the
fiscal implications of certain policies enacted by the US Federal Reserve, shedding light on the institution’s
apprehensions regarding public perception.
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1 SOVEREIGN DEBT, LSAPS AND INTEREST RATE RISK

maturity policy of sovereign debt in contexts where the central bank is implementing LSAPs.
For this purpose, I present a model in which the fiscal authority faces interest rate risk
and must determine the sovereign debt optimal maturity structure conditional on shocks
that prompt the central bank to engage in LSAPs. I find that the level of coordination
between the central bank and the fiscal authority policies is conditional on the type of
LSAP programme and on the market expectations of future interest rates. Next, I employ
US data to examine whether there is any coordination between the Federal Reserve and
the Treasury during periods of LSAPs, and assess if the model’s predictions align with the
empirical evidence. The results demonstrate that the Treasury takes into consideration the
consolidated sovereign balance sheet and reacts to the Fed’s LSAPs accordingly. Moreover,
they suggest that the Treasury’s strategy for managing the debt maturity structure during
LSAPs can vary, ranging from a less proactive to a more proactive approach, depending on
the anticipated trajectory of the interest rates.

The analysis starts with the key insight that what matters for public debt sustainability is
not the profile of the total outstanding stock of government securities, but rather the profile
of the consolidated stock of sovereign debt, i.e. the privately-held stock of sovereign-backed
liabilities. Given the significant impact of LSAPs on the latter, it becomes imperative for the
fiscal authority to consider the impact these programmes might have on the debt profile when
formulating its debt management policy. This consideration constitutes a crucial dimension
of the model introduced later in the paper. I then present empirical evidence from the
US indicating that the difference between the maturity profiles of the distinct debt stocks
mentioned, referred to here as the maturity gap, was close to zero before 2008. However,
this gap has substantially increased and has been fluctuating between 1 and 2 years since
then. Thus, the focus on the privately-held stock of sovereign debt is not only theoretically
important but also quantitatively relevant in the current economic environment.

In this context, I develop a model in which there is interest rate uncertainty, and both

the fiscal authority and central bank can use interventions in the sovereign debt market

11



1 SOVEREIGN DEBT, LSAPS AND INTEREST RATE RISK

as a policy tool. The fiscal authority is responsible for determining the optimal maturity
structure based on private investors’ demand, while the central bank may engage in the
purchase or sale of long-term bonds in exchange for short-term interest-bearing reserves,
following an exogenous rule. I demonstrate that the focus on the privately-held stock of
sovereign debt and the consolidated balance sheet of the fiscal authority and central bank
arises endogenously in this framework due to the transfer of central bank profits and losses
to the fiscal authority. The optimal maturity structure reflects the tradeoff faced by a risk-
averse fiscal authority in terms of a cheaper but riskier debt profile versus a costlier but safer
one.

The model predicts that, in the absence of shocks, LSAPs have no direct impact on
the fiscal authority’s optimal choice of maturity for the consolidated sovereign debt. In
contrast, a decrease in the investors’ risk-bearing capacity or an increase in their demand
for liquidity services prompts the fiscal authority to target a shorter maturity structure.
This change in policy aligns with the implementation of LSAPs by the central bank, as they
reduce the average maturity of the privately-held stock of debt. Conversely, a decrease in
expected future interest rates results in a lengthened optimal maturity structure, leading to
a divergence from the effect produced by LSAPs. In this scenario, both the central bank and
the fiscal authority employ the same policy instrument but pursue conflicting objectives.

Next, I analyse US data on Treasury securities issuance and on the Fed’s holdings and
liabilities to evaluate whether the empirical evidence is in line with the predictions of the
model. For this, I construct a maturity equivalent metric that enables the measurement
of the maturity extraction carried out by the Fed in the sovereign debt market over time.
This metric accounts for both balance sheet expansion (increase in the size of holdings) and
maturity expansion (increase in the average maturity of holdings).

The findings indicate that the US fiscal authority has been cognisant of the impact of
LSAPs on the debt stock held by the public, and its reactions to Fed policies have broadly

conformed to the model’s predictions. Specifically, the Treasury has reduced the maturity
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1 SOVEREIGN DEBT, LSAPS AND INTEREST RATE RISK

of its issuances during periods such as the onset of the Great Financial Crisis (GFC) and
of the Covid outbreak, when investors’ risk-bearing capacity was reduced and demand for
liquidity was extremely high. In contrast, it has extended the maturity of its issuances in
response to lower expected future interest rates and heightened maturity extraction by the
Fed. Moreover, the Treasury’s response to maturity extraction during LSAP programmes
has been consistent with its response during non-LSAP periods.

When the empirical evidence is analysed within the developed theoretical framework, it
further suggests that the degree of coordination between the Fed and the Treasury during
LSAPs may depend on the behaviour of the expected future interest rates. In periods when
expected future rates decrease, the Treasury has a greater incentive to take a proactive stance
and lengthen the average maturity of its issuances, moving in the opposite direction and, at
least partially, offsetting the Fed’s maturity extraction policy. Conversely, when rates are
stable, this incentive diminishes, and the Treasury may adopt a more passive approach by

allowing the Fed to pursue its goals before responding optimally.

Literature Review

This paper contributes to the literature on optimal public debt policy by introducing a
theoretical framework to study sovereign maturity choice under uncertainty in interest rates
within an environment of large central bank balance sheets. The foundation of this literature
traces back to Barro (1974), whose work established the Ricardian equivalance result under
non-distortionary taxes. Subsequent studies by Barro (1979) and Aiyagari et al. (2002) have
shown that distortionary sources of revenue undermine Ricardian equivalence, motivating
the search for an optimal debt profile or composition.

Several papers have explored the topic of optimal maturity structure under various set-
tings. For instance, Broner, Lorenzoni and Schmukler (2013) and Beetsma et al. (2021)
investigate maturity choice in the presence of default risk for emerging markets and mon-

etary unions, respectively. While this paper builds on their theoretical models, it diverges
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1 SOVEREIGN DEBT, LSAPS AND INTEREST RATE RISK

by emphasising refinancing risk, akin to the approaches of Arellano and Ramanarayanan
(2012), and by excluding considerations of default. Additionally, this paper incorporates
features such as the liquidity provision of safe short-term debt, inspired by Guibaud, Nos-
busch and Vayanos (2013) and Greenwood, Hanson and Stein (2015), as well as the price
impact of changes in long-term bond supply, as explored by Greenwood and Vayanos (2013).
In contrast to these papers, however, I explicitly model the relationship between the fiscal
authority and central bank and emphasise the role of their consolidated balance sheet.

This paper is also related to the literature that studies public debt sustainability under
stochastic dynamics, which includes works such as Garcia and Rigobon (2004) and Debrun,
Jarmuzek and Shabunina (2020). I present empirical evidence highlighting the importance
of considering the consolidated balance sheet when assessing interest rate exposure and sus-
tainability of the debt. This becomes especially relevant in a low interest rate environment,
such as in Blanchard (2019) and Furman and Summers (2020), since LSAP programmes can
significantly reduce the average maturity and duration of the consolidated sovereign debt
relatively to the outstanding stock of government securities.

The impacts of central bank balance sheet policies have been extensively studied in the
past years. Krishnamurty and Vissing-Jorgensen (2011, 2013) have offered insights into the
effects of LSAPs on bond yields, delving into the channels through which these policies
operate and their implications for monetary policy. Ray (2019) and Ray, Droste and Gord-
nichenko (2023) have analysed how quantitative easing (QE) affects output and inflation
dynamics. Additionally, Gourinchas, Ray and Vayanos (2022) documented the substantial
international spillover effects of LSAPs.

This paper aligns closely with the perspectives in Zampolli (2012) and Chadha, Turner
and Zampolli (2013), which view LSAPs as akin to debt management operations. However,
it distinguishes itself by emphasising the perspective of the fiscal authority rather than
the central bank. In this context, the primary contribution lies in presenting a theoretical

framework that tries to elucidate the impact of LSAPs on the debt stock and on the debt
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1 SOVEREIGN DEBT, LSAPS AND INTEREST RATE RISK

issuance policy.

Finally, this paper also contributes to the literature that studies institutional interactions
between fiscal authorities and central banks. Orphanides (2016) and Goncharov, Ioannidou
and Schmalz (2022) analyse the tensions arising from central bank balance sheet policies
and the potential agency problems that they create. Reis (2017b) shows how QE can be a
useful tool during a fiscal crisis, while Del Negro and Sims (2015) argue that central banks
with large balance sheets require support from the fiscal authority to maintain control of
the price level. This paper is closest to Greenwood et al. (2015a), who provide a discussion
on conflicts between the Fed and Treasury in the US and the potential for coordination. I
build on that discussion from the perspective of debt management and present theoretical
intuition as well as empirical evidence for the drivers of cooperation or disagreement between

both institutions.

Outline

The paper is structured as follows: Section presents a brief discussion on the re-
lationship between fiscal authorities and central banks and some stylised facts on the US
consolidated sovereign debt. Section develops and solves a model focusing on a risk-
averse fiscal authority’s optimal sovereign debt maturity problem in a context in which it
faces interest rate risk and the central bank implements LSAPs. Section describes the
data and the construction of the maturity equivalent extraction measure and presents the
empirical results, linking them with the model predictions. Finally, Section provides the

final remarks.

1.2 Institutional Details and Stylised Facts

Central banks are not always officially part of the public sector, but even when they

are entirely independent institutions, their liabilities are still backed by the sovereign state.
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1 SOVEREIGN DEBT, LSAPS AND INTEREST RATE RISK

Money and bank reserves, for instance, serve as universal mediums of exchange because
society considers them legal tender, thus trusting that the sovereign government will always
accept them. Additionally, any losses or profits incurred by a central bank are eventually
transferred, either directly or indirectly, to the general governmentf’|

In this context, relying only on the traditional metric of general government debt, which
focuses solely on securities issued by the fiscal authority and ignores the central bank’s
assets and liabilities, does not provide a comprehensive assessment of the sovereign’s ability
to repay its obligations. As discussed in Maia, Garcia and Maia (2022), it is essential to
consider the consolidated balance sheet of the general government and the central bank,
excluding intra-government holdings. In other words, emphasis should be placed on the
stock of sovereign-backed liabilities (or debt) held by the private sector.

Before the GFC in 2008, central bank balance sheets were relatively small in most coun-
tries, making the stock of government securities a relatively reliable proxy for total consoli-
dated sovereign debt. However, in recent years, central banks worldwide have implemented
large-scale asset purchases programmes involving substantial injections of overnight interest-
bearing reserves and extractions of long term government securities from the market. While
these programmes did not directly alter the total outstanding stock of government securities,
they significantly increased the consolidated government’s exposure to interest rate risk by
reducing the average maturity and duration of the privately-held debt.

As emphasised by Blanchard (2019), understanding the maturity profile and interest rate
exposure of the outstanding stock is crucial for analysing sovereign debt sustainability and to
prevent explosive paths. This underscores the necessity of distinguishing between the stock
of government securities and the stock of privately-held sovereign debt. Figure illustrates

this distinction by using the US as an exampld] It depicts the evolution of the weighted

3Reis (2017a) offers an in-depth discussion on the resource flows from the central bank to the fiscal
authorities

4Maia, Garcia and Maia (2022) provide evidence for several other countries, encompassing both developed
and emerging economies, underscoring that this is not a country specific issue.
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Figure 1.1: Weighted Average Maturity Across Different Government Debt Stock Measures

Years

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

= Consolidated Debt Stock WAM Treasuries Consolidated Stock WAM == Treasuries Total Stock WAM

Note: The chart compares the weighted average maturity of three different debt stock measures: “Treasuries
Total Stock” series accounts for all securities issued by the U.S. Treasury, “Treasuries Consolidated Stock”
refers to all privately-held Treasury securities and “Consolidated Debt Stock” represents all privately-held
Treasury securities combined with central bank reserves.

average maturity of three series: i) the total outstanding stock of US Treasury securities; ii)
the consolidated (privately-held) stock of US Treasury securities; and iii) the consolidated
(privately-held) stock of US sovereign debt, which includes central bank reserves. Since
2007, these trajectories have diverged, resulting in substantial gaps between the maturity
series. For instance, an observer focusing solely on the total outstanding stock of Treasury
securities and disregarding the Fed’s balance sheet might erroneously conclude that US
sovereign debt had a higher weighted average maturity in 2011 compared to 2007. In reality,

when accounting for Treasury securities held by the Fed, the weighted average maturity
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1 SOVEREIGN DEBT, LSAPS AND INTEREST RATE RISK

remained at the same level and was substantially lower when also considering the Fed’s
interest-bearing liabilities.

These “maturity gaps” are visually represented in Figure The Treasuries Maturity
Gap curve depicts the difference between the weighted average maturities of the privately-
held stock and of the total outstanding stock of Treasury securities, while the Debt Maturity
Gap curve illustrates the difference between the weighted average maturities of the privately-
held stock of sovereign debt and of the total outstanding stock of Treasuries. Notably, since
the start of LSAPs programmes in 2008, the effective weighted average maturity of the
US sovereign debt, when accounting for both Fed’s interest-bearing assets and liabilities,
has been consistently and significantly lower than the weighted average maturity of the
outstanding Treasuries.

While debt management is typically not within the purview of a central bank’s responsi-
bilities and objectives, LSAPs enables it to utilise the privately-held sovereign debt as a tool
for achieving its monetary policy and financial stability goals. Within this framework, the
evidence presented here demonstrates that the authority responsible for debt management
(hereafter referred to as the fiscal authority) must consider the impacts of LSAPs when for-
mulating its optimal maturity structure policy. By altering the demand and supply of short
and long-term sovereign-backed liabilities, these programmes directly influence the cost and

risk profile of the sovereign debt.

1.3 Model

In this section, I present a theoretical model of the fiscal authority’s choice of sovereign
debt maturity. The model builds on Broner, Lorenzoni and Schmukler (2013) and Beetsma
et al. (2021), extended to allow for central bank interventions in the government bonds
market (LSAPs) and to introduce refinancing risk due to future interest rate uncertainty.

Unlike these papers, that focus on emerging markets or monetary union areas, I abstract
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Figure 1.2: Maturity Gaps

Years

0- '/
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

= Debt Maturity Gap == Treasuries Maturity Gap

Note: The chart illustrates the gap between the “Treasuries Total Stock WAM?” series versus the “Consoli-
dated Debt Stock WAM” (Debt Maturity Gap) and the “Tresuries Consolidated Stock WAM” (Treasuries
Maturity Gap).

from default risk and rollover crises.

In the model, similar to the framework of Greenwood, Hanson and Stein (2015 )], investors
derive disutility from the liquidity costs associated with holding long-term assets, which
makes issuing short-term debt cheaper for the fiscal authority. On the other hand, issuing
more short-term debt leaves the government more vulnerable to interest rate fluctuations

and thus increases its risk of having to make costly fiscal adjustments in the future.

°In Greenwood, Hanson and Stein (2015), investors derive utility from the monetary services provided
by short-term bonds. In our setting, from the fiscal authority’s perspective, this is exactly equivalent to
deriving disutility from holding long-term bonds
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The model focuses on the choice of public debt maturity by a fiscal authority that faces
this tradeoff and studies how the optimal policy is affected by shocks like the ones that can
lead the central bank to engage in LSAP programmes. Since LSAPs alter the proportion of
short and long-term debt held by private investors, I use the model to generate predictions
about the level of alignment of the fiscal authority and central bank policies.

Time is discrete, there are three periods t = 0, 1,2 and three assets: short (one-period)
and long-term (two-periods) bonds and central bank reserves. Interest rates are exogenous

and, at ¢ = 0, there is uncertainty about the ¢ = 1 interest rate.

1.3.1 Agents

Fiscal Authority — At ¢t = 0, the fiscal authority starts with a pre-existing stock of short
and long-term bonds, 130,1 and 13072, that are due in periods 1 and 2 respectively. Its problem
consists in choosing a new debt maturity structure and a future consumption path?|in order
to maximise its expected utility.

The fiscal authority has two sources of revenues: an exogenous risk-free cash flow g
collected at ¢t = 2 and dividends from the central bankﬂ d;, paid every period. All its income
is used to consume or repay the debt. Therefore, debt is used as an instrument to move
consumption across periods, enabling the optimal consumption path.

At t = 0, the fiscal authority can adjust its debt maturity structure by choosing new
stocks of short and long-term bonds, by ; and by . In period 1, maturing short-term bonds
must be repaid and a new stock of short-term debt b, o can be issued. Finally, in period 2,
all remaining debt must be repaid and the surplus is consumed.

Formally, the fiscal authority’s optimisation problem is given by:

6For simplicity, I assume ¢ = 0 consumption was already realised or decided ex-ante.
"Note that this can be negative, which would be equivalent to a transfer from the fiscal authority to the
central bank.
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max E U G +u G
{G1,G2,00,1,b0,2,b1,2} ol o 1) o 2)]

st. Poi- 60,1 +FPoo - 80,2 =FPo1-bo1+ FPoa-boo+do

(1.1)
Gi=Pio-bio—bo1+dy

Gy =9y —bpo —b1o+ da,

where u,(-) is such that ug () > 0 and u(-) < 0, Gy is the government consumption at period

t, and P, ;. ; is the time ¢ price of bonds that matures j periods ahead.

Central Bank — The central bank starts with a stock z of risk-free reserves and 138{’2 of
government long-term bond holdings. Its initial equity is zero and it must pay dividend d;
to the fiscal authority at the end of each period.

In period 0, the central bank decides whether to buy or sell long-term bonds, choosing a
final stock bg’jQ that will be held to maturity. Reserves pay the risk-free short-term interest
rate and can be adjusted in periods 0 and 1. Just like the bonds, they must be fully repaid
at the end of t = 2.

The flow budgets of the central bank will be:

t=20: 20—2=P0,2'<b8{)2_681,)2>+d0
t=1: zl—Rg-Zozdl (1.2)

t=2:  bly=R{ z +d,

where Rf is the gross one-period interest rate that holds between periods ¢ and ¢ + 1
For simplicity, I assume d; depends of central bank profits based on an exogenous rule.
As in Reis (2017b), asset purchases policies consist of changes in the central bank’s balance

sheet such that changes in the bonds held by the central bank bg{g are exactly equal to
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changes in reserves z{|

Investors — Investors are risk averse and maximise their expected utility function.
They start with wealth 1/, and receive no income in the following periods. At each period,
they choose how much they want to consume and then allocate the remaining budget into
the available financial assets.

In period 0, they can choose between holding reserves and both types of bonds. As
mentioned before, long-term bonds generate a disutility v (-) for the investors as they are
subject to price risk in period 1 and therefore are unable to provide liquidity services in the
same way one-period safe assets do. At t = 1, the interest rate uncertainty realises, short-
term bonds and reserves issued at ¢t = 0 are repaid and investors can update their portfolio
to achieve the desired consumption path in periods 1 and 2.

The representative investor will thus solve:

2 i
{CO,CI7027%2%?2%2%21} Co+Eo [B-ui(Cr) + 2 - ui(Ca)] — v (bh,)
st. Co=Wyo—Fy1- bf),l — P bfm - 20 (1.3)
Cr=by,+R)-2—Pia-bly—2z

Co =y +bhy+ R -2,

where Cy is consumption at ¢, b}, ; is the investor’s holdings of bonds issued at time ¢ that
mature at t + j and v (-) is such that v (-)' > 0 and v ()" > 0.

To simplify the analysis, I assume that the initial risk-free short-term interest rate is zero
and that ]EO[R{ | > 1. Since both short-term bonds and reserves are riskless assets, we have

that:

8For conciseness, we abstract from central bank holdings of short-term bonds. In this configuration, they
are precisely equivalent to reserves, rendering QE and Operation Twist programmes identical in effect.
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= 1. (1.4)

Similarly, at period 1, the risk-free short-term interest rate R{ is revealed to investors and

thus all uncertainty is eliminated so that:
1

Pl 2 = 7, (15)
R

for a realisation of RY.
Finally, I follow Broner, Lorenzoni and Schmukler (2013) and further assume that in-
vestors demand a constant risk premium to “lock up” their capital in commitment to long-

term investment} As a result, one can write the price of the long-term bond as:
’(pi 1 1 (1
Poo=Eg[Pio] —k—v (bo,z) =E, R_{ — K= (b0,2) , (1.6)

where k > 0 is a constant parameter.

1.3.2 Rewriting the Fiscal Authority’s Problem

Following the discussion in Section [I.2] one can define the period ¢ amount of consolidated

sovereign debt B, ; that is due at ¢ + j as:

By = boa + 20
Bio=bis+R{ 2 (1.7)

— cb

9This is equivalent to duration risk in a setting where long-term bonds are traded in period 1.
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The short-term consolidated debt stock consists of short-term bonds issued by the fiscal
authority as well as reserves issued by the central bank. In our setting, these assets are
equivalent: both are one period risk-free government-backed liabilities. At the same time,
the stock of long-term consolidated sovereign debt is given by the stock of long-term bonds
issued by the fiscal authority net of the central banks” holdings. Note that, in equilibrium,
the stock of consolidated debt must be equal to the amount of debt held by the private
sector, i.e., Byiy; = b 1 ;-

Using the central bank’s flow budgets and the definition of consolidated sovereign debt
above, one can rewrite the fiscal authority’s maximisation problem as:

P Eo [ug(G1) + ug(Ga)]

st. FPoi- Bﬂ,l + FPoo- Bo,z = Py1-Bo1+ FPoa2- Bog (1.8)
Gi=Pia-Bip— Bjs

Gy =19y — Boa — Bia.

This is exactly the same debt management problem as before, but consolidating the balance
sheets of the fiscal authority and the central bank. It becomes evident that what is relevant
for the fiscal authority’s budget constraints is the stock and the profile of the privately-held
sovereign debt. However, the fiscal authority can only control these variables conditional on

the central bank’s balance sheet.

Lemma 1.1. LSAP programmes have a direct impact on the fiscal authority’s optimal is-

suance policy by changing the maturity profile of the privately-held stock of sovereign debt.

In other words, a LSAP programme works like a debt management policy. By swapping
a short-term government-backed liability (reserves) by a long-term one (long-term bonds),

it shortens the maturity of the consolidated sovereign debt, potentially moving it away from
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the original fiscal authority’s optimal choice. In reaction, even when relative prices are not

affected, the fiscal authority may have to alter its issuance policy.

1.3.3 Fiscal Authority’s Tradeoff

To solve the mode]ﬂ I assume the fiscal authority chooses its optimal maturity policy
after the central bank has decided on LSAPs and on its balance sheeffll This allows the
paper to focus on the drivers of the maturity policy from the fiscal authority’s perspective.

First, note that, using the prices previously obtained, one can combine the three fiscal

authority’s budget constraints to get:

Gy =19y — Boa — R{ : (Gl + 60,1 —BRyo - (30,2 - 60,2)) . (1.9)

Solving the fiscal authority’s optimisation problem backwards, the first-order condition at

period 1 with respect to GGy is given by:
ul(Gy) = R] - u)(G). (1.10)
At this point, all uncertainty has been removed and thus the fiscal authority simply chooses

its optimal consumption path {G7, G5} based on the realised short-term interest rate R{ :

Going back to period 0, the fiscal authority has to choose the debt maturity structure

0Detailed proofs and derivations are provided in Appendix

HFor simplification, the central bank is assumed here to follow an exogenous rule. In practice, these
two agents make decisions dynamically and simultaneously. However, as explained earlier, while LSAPs
influence the consolidated debt maturity structure, debt management typically lies outside the central bank’s
mandate, which focuses on monetary policy and financial stability. Public debt management is generally the
responsibility of fiscal authorities, and this paper focuses on their perspective. Introducing a setting where
the central bank’s decision is endogenous or dynamic would introduce complex and unnecessary feedback
effects on the fiscal authority’s policy rule. These effects would heavily depend on assumptions about the
force and speed of action of each institution, a discussion beyond the scope of this paper.
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conditional on the optimal consumption path evaluated in period 1. The first-order condition

with respect to By at t = 0 is:

aa;) oG (@G; 9G apo,z) »

EO |:(UQ(G1) +ug(G2) ' aGl ’ 8B072 63072 + 8P072 ’ 8B072 2):| =0. (111)

Using Equations [1.6] and [I.10] the result above simplifies to:

<—1+R{-

Finally, one can rewrite the first-order condition at period 0 to obtain the result expressed

Eo =0. (1.12)

Rl

) g (G3)

in the lemma below:

Lemma 1.2. The tradeoff faced by a risk averse fiscal authority when choosing its debt

maturity structure is characterised by:

Eo [R{| + Couo (E 4ol %3) ; ,R{) - !

Observe that the left-hand side of Equation [1.13| represents the marginal cost of issuing
one extra unit of short-term debt (both short-term bonds and reserves), which is given by
the expected return plus a covariance term that accounts for the drawback caused by the
exposure to interest rate risk, while the right-hand side represents the marginal cost of issuing
one extra unit of long-term bonds. As expected, in the optimal point, the fiscal authority

chooses a debt maturity structure that equalises these two marginal costs.
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1.3.4 Maturity Structure Predictions

Using a first-order Taylor approximation of ug(G) around the point R = E, [R{ } and

assuming CARA utility function for the fiscal authority, one can rewrite Equation [I.13] as:

Eo [R]| — - Vare () - G4 (Eo [R]) = (=] C(1.14)

where o > 0 is a constant that represents the fiscal authority degree of risk aversion.

Equation characterises the non-monetary marginal cost associated with issuing short-
term debt as a function of the magnitude of the fiscal authority’s risk aversion, of the level of
risk associated with the future interest rate and of how consumption is affected by a change
in the expected future interest rate.

In order to extract some predictions from the model, I use Equation to perform
comparative static exercises, thus assuming solution to be internal and ensuring positive
stocks of both short and long-term debt. In addition, the initial debt maturity structure at
period 0 is assumed to be optimal ex-ante, more specifically 3072 = B{,, and therefore any
change in the fiscal authority’s maturity choice is due only to the shock in question. As a
consequence of this assumption, income effects related to movements in bond prices will be

eliminated and the analysis simplified.

Comparative Statics — The first result comes immediately and works as a building

block for the subsequent ones as well for interpreting the empirical results:
Lemma 1.3. In the absence of shocks, the fiscal authority’s response to LSAPs is to increase

the maturity of newly issued bonds so as to restore the consolidated sovereign debt maturity

structure to the optimal one, which remains unaltered.
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In the context of debt management, if no shocks have hit the economy, the optimal
maturity structure of the privately-held sovereign debt is still the same and the impact LSAP
programmes have is to move the effective maturity away from it, by swapping long-term for
short-term debt. Therefore, the fiscal authority will look to lengthen the maturity of its new
issues in order to offset LSAPs’ impact, thus bringing the maturity of the consolidated debt
stock back to the original optimal level.

This result illustrates the non-neutrality of LSAP programmes in relation to debt man-
agement. LSAPs impact the optimal debt issuance policy by changing the maturity structure
of the consolidated debt. Furthermore, it shows that LSAPs are neutral when one considers
only the general government debt and the stock of outstanding bonds. This underlines the
importance of consolidating the public sector balance sheet and focusing on the privately-held
stock of sovereign debt when analysing maturity structure management.

Using Lemma [1.3] as baseline, the subsequent results explore how the fiscal authority’s
optimal maturity changes when LSAPs are implemented in response to unanticipated shocks
to investor risk-bearing capacity, to demand for liquidity services and to the expected future
interest rate.

Starting with the first two shocks,

Proposition 1.1. A reduction in the risk-bearing capacity of investors (higher k) or a linear
increase in the demand for liquidity services (higher n, where v(-) =n - ¢(-)) leads the fiscal

authority to target a shorter maturity structure for the consolidated sovereign debt.

The intuition behind Proposition is that, as investors face reduced risk-bearing ca-
pacity or higher liquidity costs associated with holding long-term debt in comparison to
short-term debt, the price of long-term bonds goes down, which makes it costlier for the
fiscal authority to borrow long-term. As a consequence, the fiscal authority will modify
the maturity composition in favor of short-term debt, considering it as a more cost-effective

option.
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In this setting, one could argue that the fiscal authority optimal policy is in line with the
execution of LSAPs by the central bank, as both result in the shortening of the maturity of
the consolidated stock of debt. Put it differently, by taking on the role of market maker and
reacting to bond disruptions through the implementation of LSAP programmes, the central
bank is, at least qualitatively, acting in the same way as the fiscal authority would.

Next, Proposition focus on a shock to the period 0 expectations of the future interest
rate, [ [Rﬂ:

Proposition 1.2. A reduction in the expected future interest rate (lower E [R{]) leads the

fiscal authority to target a longer maturity structure for the consolidated public debt.

There are two channels in place here in Proposition [I.2] First, when expected future
interest rate falls, the term premium decreases because the long-term bond price is more
sensitive than the short-term price. This effectively reduces the relative price of the long-
term bond. Second, and most relevant, when the expected future interest rate Eg [R{]
falls, while keeping the distribution of the actual R{ at period 1 fixed, the risk of a higher
than expected realisation increases. As a result, the fiscal authority becomes effectively less
willing to take risks and thus has more incentive to smooth the fluctuations in its marginal
utility. Therefore, it shifts away from the risky short-term debt and towards the safe long-
term debt. These two effects work in the same direction, ultimately resulting in the fiscal
authority selecting a longer maturity compared to the original optimal.

Observably, when the central bank engages in LSAPs in an environment in which expected
future interest rates are declining, it produces an effect on the debt maturity structure that
diverges from the direction predicted by Proposition 2. While LSAPs effectively shorten the
maturity of privately-held sovereign debt, the fiscal authority aims to respond to the decline
in expected future interest rates by lengthening it. This incongruity between LSAPs and
the optimal maturity policy indicates that the central bank and the fiscal authority use the

same policy instrument while pursuing conflicting objectives.
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1.4 Empirical Results

In this section, I describe the primary sources of data and explain the construction of my
measure of consolidated sovereign debt. Subsequently, I use the model predictions to clarify

and to provide context for the evidence presented in the empirical tests.

1.4.1 Data and Consolidated Sovereign Debt Measure

I collect panel data on the outstanding Treasury securities, available in the US Treasury
Monthly Statement of the Public Debt, and use it to extract information about the individual
securities monthly issuance and about the profile of the outstanding stock. In parallel,
I gather data on the Fed holdings and purchases of Treasury securities from the Federal
Reserve Bank of New York’s System Open Market Account (SOMA) database and on the
Fed liabilities from the Board of Governors of the Federal Reserve System{'?} The focus on
US data is driven by its relevance in terms of central bank balance sheet policies and by
availability of data on central bank’s individual securities holdings. The sample goes from
July 2003 until June 2023.

Using both datasets, it becomes possible to calculate the privately-held stock of Treasury
securities by subtracting the Fed holdings from the total outstanding stock. I then use this
series to construct the consolidated debt measure by adding two Fed overnight liabilities:
bank reserves (calculated as total deposits net of the Treasury General Account balance) and
total reverse repurchase agreements. The key point here is that these liabilities currently
bear interestf™] thereby contributing to the exposure of the consolidated sovereign portfolio

to interest rate risk. Consequently, a metric that overlooks these interest-bearing central

12Gee H.4.1 Statistical Release on factors affecting reserve balances
13This has not always been the case, as the Fed only started paying interest on bank reserves in October
2008.
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bank liabilities will substantially underestimate the impact of interest rate fluctuations on
government budget.

Following the methodology of Greenwood et al. (2015), I proceed to construct a mea-
sure of ten-year maturity equivalents. This measure is employed to assess the extent of
maturity /duration extracted from the market by the Fed during each period. It enables the
capture of two distinct forces driving the maturity extraction performed by the Fed: changes
in the amount of holdings for a fixed weighted average maturity (balance sheet expansion)
and changes in their weighted average maturity for a fixed stock of holdings (maturity ex-

pansion). The measure is calculated as follows:

A (Holdst . WAMt) 1

M at10—yr - M aqti0—yr ' \AHOldst;ﬁWAMt_ll—i_\AWAMt : HOldsE ’ (1.15)

~
Balance Sheet Expansion Maturity Expansion

~
Maturity Equivalent Extraction

where Holds; is the stock of Treasury securities held by the Fed at period ¢, W AM, is the
weighted average maturity of the holdings at ¢t and Mat'®~¥" is the maturity of a ten-year
bond, which is 10}

In this context, Figure documents the evolution of both the total stock amount of
holdings and the total stock of maturity equivalent held by the Fed. It is evident that these
two series not only differ over time, but there are periods when they even move in opposite
direction. The differences between the two series are explained by Figure[1.4] which displays
the weighted average maturity of the Fed’s total stock of Treasuries holdings. The large-scale
asset purchases programmes led to an increase in the stock of maturity equivalents extracted

by the Fed, via both balance sheet and maturity expansions. Thus, focusing on only one

4The choice to normalise for a ten-year bond is arbitrary. In this case, the maturity equivalent measures
the amount of securities extracted by the Fed in a world in which all securities were ten-year bonds. The
idea is just to make securities with different maturities comparable, so one could pick any other maturity as
the reference point.
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Figure 1.3: Fed Total Stock Amount vs. Extracted Maturity Equivalent
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Note: This chart compares the Fed’s total holdings of Treasury securities and its stock of maturity
equivalents, as calculated using the methodology described in ([1.15).

of these drivers would result in a misestimation of the total amount of maturity extracted
from the aggregate private portfolio and, as a consequence, of the change in the interest
rate risk exposure of the sovereign portfolio. This evidence underscores the importance of
constructing the maturity equivalent series in order to accurately assess the impacts of the
LSAPs programmes.

In the empirical exercises that follow, two additional sources of data are employed. Firstly,
I construct expected future interest rates series using the Kim and Wright (2005) database,
accessible on the Federal Reserve Board website. Following their methodology, the expected

future short interest rate is defined as the difference between the fitted instantaneous for-
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Figure 1.4: Fed Total Treasuries Stock Weighted Average Maturity
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Note: This chart displays the weighted average maturity of the stock of Treasuries held by the Fed.

ward rate and the instantaneous forward term premium for that horizon. Secondly, control
variables, including the effective Fed Fund rate, GDP growth, CPI, and others, are sourced
from the St. Louis Fed’s FRED database.

1.4.2 Specifications and Results

The baseline regression equation links the weighted average maturity of newly issued
Treasury securities to the expected future interest rate, to the amount of overnight interest-

bearing Fed liabilities and to the stock of maturity equivalent extracted from the markets
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by the Fed:

WAM 1 = a+ By - By [igeos] + Bo - Resy + B3 - Fed™ " +6 - X, + €141, (1.16)

where W AM,,, is the weighted average maturity of securities issued by the Treasury in the
next three months following ¢, E; [i;124] is the time ¢ expectation for the Fed Funds rate two
years ahead, Res; is the amount of bank reserves and reverse repo agreements as a share
of the total consolidated debt, F’ ed%oyEq is the share of the total stock of ten-year maturity
equivalents issued by the Treasury that was extracted from the market and is currently held
by the Fed, and X, is the set of controls that includes the current Fed Funds rate, the 2-year
and 10-year slopes of the yield curve, the expected inflation two years ahead, GDP growth,
quarter dummies to adjust for seasonal fluctuations that are not related to the Treasury
policy and time fixed effects to account for the different LSAP periods. The time frames for
these periods correspond to the duration of the five main individual LSAP programmes up
to this date: QE1, QE2, Operation Twist (OT), QE3 and QE4.

The decision to employ a 3-month average for the variable W AM; ., is informed by the
recognition that, particularly for long-term securities, the time between auctions may extend
beyond one month, rendering a monthly measure susceptible to excessive noise. Additionally,
using lagged explanatory variables mitigates potential feedback effects stemming from the
Treasury’s maturity choices. For the expected future interest rate and expected inflation,
a 2-year horizon is selected as it represents approximately half of the average consolidated
debt stock weighted average maturity during the sample period. This choice ensures a bal-
anced consideration of future trends while maintaining relevance to the Treasury refinancing

10y E :
d; ?"" serves to normalise the

problem. Furthermore, the choice of the variables Res; and Fe
amount of overnight interest-bearing Fed liabilities and the maturity extraction conducted by

the Fed, respectively, relative to the total amount of consolidated sovereign debt and to the
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total outstanding stock of maturity equivalents issued by the Treasury, thereby accounting
for any increasing trend in the size of debt markets.

Estimates for regression [.16] are presented in Table [I.Il The coefficients for expected
future interest rates are consistently negative across all specifications, with statistical signif-
icance observed in the majority of cases. This aligns with the model’s prediction that the
fiscal authority tends to extend the maturity of its securities in periods of lower expected
future interest rates. Conversely, the coefficients for the Fed overnight liabilities and for the
stock of extracted maturity equivalents are both positive and statistically significant. This
finding supports the notion that the consolidated debt is pivotal for sovereign debt manage-
ment policies. If the Treasury’s sole concern were the debt it issues in the form of Treasury
securities, one would anticipate no response to the share of Fed overnight liabilities, leading
to an insignificant coefficient for Res;. Similarly, if the Treasury were exclusively focused
on the profile of the total outstanding stock of debt, regardless of its holders, one would ex-
pect no reaction to the Fed’s maturity extraction programmes, resulting in an insignificant
coefficient for Fed, ™.

Regarding the control variables, higher current Fed Funds rate and GDP growth are
associated with longer maturities. As expected, the coefficients for the slopes in the short
and long parts of the yield curve have inverted signs: higher short-term yields or lower long-
term yields tend to increase the weighted average maturity of Treasury issuances. Lastly,
the coefficient for the expected inflation becomes insignificant once the Fed liabilities and
the stock of extracted maturity are included in the regression.

Next, I explore how the Treasury’s response to Fed maturity extraction varies across
different LSAP programmes. To examine the heterogeneity of the Treasury reaction function,
I allow the variable Fed;""? to interact with the time fixed effects for the LSAP periods, as

follows:
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Table 1.1: Treasury Issuance Policy

Treasury Issuance WAM

(1) (2) (3) (4) (5) (6)
E¢[ity24] —0.227*** —0.183 —0.348** —0.240*** —0.592*** —0.576%**
(0.082) (0.126) (0.136) (0.056) (0.089) (0.098)
Resy 2.708*** 4.091%** 4.106***
(0.484) (0.549) (0.548)
Fed; "1 3.321% 2.543%+ 2.581%**
(0.620) (0.624) (0.624)
1y —0.041 —0.191** —0.159* 0.098*** 0.438*** 0.440***
(0.054) (0.093) (0.091) (0.035) (0.076) (0.076)
2ySlope; 0.344 0.272 1.207*** 1.224***
(0.310) (0.302) (0.250) (0.250)
10y Slope; —0.325%** —0.321*** —0.081** —0.082**
(0.048) (0.048) (0.041) (0.041)
E¢[mi404] 0.299*** —0.048
(0.099) (0.071)
AGDP; 2.853* 3.253***
(1.454) (0.908)
Observations 237 237 234 237 237 234
R? 0.336 0.501 0.541 0.790 0.811 0.828
LSAPs FE N N N Y Y Y
Quarter FE N N Y N N Y
Note: *p<0.1; **p<0.05; ***p<0.01
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WAMy1 = a+ By - By [isoa] + B2 - Resy + Bs - Fed; ™"+

| (1.17)
- Z% - Fed, ™" D140+ Xi + €14,

where D}, is a dummy variable that takes value 1 during LSAP period ¢ and 0 in other
periods E Results are presented in Table .

Each pair of columns in Table corresponds to the interaction of Fed %" with a
different set of dummies D}, ;. In specifications (1) and (2), a single dummy encompasses all
LSAP programmes. In (3) and (4), each LSAP period is considered individually, except for
OT and QE3 that are combined together due to their overlapping time frames, which could
suggest some continuity or coordination of policies between them. Finally, in columns (5)
and (6), OT and QE3 are separated from each other and thus all five LSAP programmes are
treated individually [

In accordance with both the model predictions and the results presented in Table [I.1]
the coefficients for the expected future interest rate are negative and statistically significant
for all specifications. Similarly, the coefficients for Fed overnight liabilities as a share of the
total consolidated debt and for the share of 10-year maturity equivalents extracted by the
Fed are consistently positive and statistically meaningful. Additionally, the behaviour of
control variables is also consistent with Table results and in line with expectations.

When examining columns (1) and (2), the non-significant coefficients for the interaction
term suggest that the Treasury’s response to the Fed maturity extraction during LSAPs

aligns, on average, with its response during non-LSAP periods. This indicates that, control-

®To maintain consistency, Dj,, spans the same 3 month window that defines the WAM, ; dependent
variable.

16To accurately analyse the heterogeneity of the Treasury’s reaction function to the Fed maturity equiv-
alent extraction policy, the LSAP dummies are limited to the phases of the programmes that involved Fed
interventions in the Treasury securities market.
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Table 1.2: Treasury Issuance Policy during LSAPs

Treasury Issuance WAM

1) (2) (3) &) (5) (6)
Et[is424) —0.522%FF  —0.485%**  _0.611***  —0.613***  —0.595***  —0.610***
(0.085) (0.091) (0.090) (0.099) (0.085) (0.093)
Resy 4.052%** 4.012%** 4.300%* 4.329%* 3.225%** 3.158%**
(0.494) (0.488) (0.550) (0.551) (0.560) (0.553)
Fed, "4 2.682%** 2.822%** 1.986** 1.950%** 2.514%%* 2.488%**
(0.592) (0.581) (0.669) (0.672) (0.641) (0.632)
Fed,%YF1 * QE’s —0.701 —0.909
(0.591) (0.576)
Fed,%F1 * QE1 —1.430 —2.166 0.393 —0.093
(6.971) (6.869) (6.600) (6.404)
Fed; Y"1 * QE2 —3.604 —2.238 —1.068 —0.096
(4.209) (4.195) (3.990) (3.886)
Fed,;*Y"4 * OTQE3 1.256 1.223
(0.999) (0.988)
Fed;%Y"1 * OT —4.744* —4.228*
(2.494) (2.383)
10yEq % ok ok *ok ok
Fed; QE3 12.832 13.786
(2.436) (2.353)
Fed;%YF1 * QE4 1.637 1.060 1.969 1.485
(1.288) (1.271) (1.220) (1.185)
it 0.403*** 0.398*** 0.441%** 0.444%+* 0.364%** 0.360%**
(0.073) (0.072) (0.077) (0.076) (0.074) (0.073)
2ySlopey 1.013%** 1.014%** 1.265%** 1.268%** 1.127%** 1.107***
(0.226) (0.224) (0.252) (0.253) (0.240) (0.237)
10y.Slope; —0.023 —0.018 —0.104** —0.109** —0.156***  —0.166***
(0.035) (0.035) (0.042) (0.043) (0.042) (0.042)
Bt [meq-24] —0.071 —0.018 0.010
(0.068) (0.073) (0.068)
AGDP; 3.207*** 3.133%+* 2.933%**
(0.926) (0.918) (0.855)
Observations 237 234 237 234 237 234
R2 0.802 0.818 0.814 0.829 0.835 0.854
Quarter FE N Y N Y N Y
Note: *p<0.1; **p<0.05; ***p<0.01
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ling for potential different macroeconomic environments, the Treasury maintains a consistent
maturity policy for its new issuances, which takes into account the profile of the consolidated
debt stock. Such behaviour is in line with the predictions of the model. Moving to columns
(3) and (4), the insignificant coefficients for all four interaction terms further bolster this
conclusion. They indicate no meaningful change in the Treasury’s reaction function during
these individual intervals, suggesting that the average response remained consistent across
all the four analysed LSAP periods.

A different pattern emerges when treating OT and QE3 as distinct and separate pro-
grammes in columns (5) and (6), though. While the coefficients for QE1, QE2 and QE4
remain statistically non-significant, indicating responses that are similar with those observed
during non-LSAP periods, the coefficients for OT and for QE3 become statistically signifi-
cant and exhibit opposite signs. The negative coefficient for OT suggests a subdued reaction
to the Fed’s purchases of long-term Treasury securities compared to other periods, whereas
the positive coefficient for QE3 indicates a stronger response, with the Treasury injecting
relatively more maturity equivalents into the markets per unit extracted by the Fed. One
possible interpretation for this finding is that the Treasury actively pursued distinct policies
during these two programmes compared to the other three and to moments when no pro-
gramme was in place. Alternatively, given the immediate succession of QE3 following OT,
the overresponse during QE3 may have been a compensation for the underresponse during
OT, which could be justified by the unique character of the OT programme. The insignifi-
cant coefficients in columns (3) and (4) support this second interpretation, suggesting that
the combined effect throughout both initiatives was in line with the behaviour seen dur-
ing non-LSAP periods, indicating a potential offsetting effect between the two programmes’
individual responses.

To delve deeper and potentially gain a more comprehensive understanding of the reasons
behind the heterogeneous reaction functions observed during OT and QE3, Figure[I.5|depicts

the Treasury issuance 3-month average WAM centered around that month juxtaposed against
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the expected future interest rate for two years ahead and the share of the total stock of 10-
year maturity equivalents held by the Fed. The shaded areas represent the five analysed
LSAP programmes. Additionally to the start and end dates of each programme, I have
added vertical dotted lines to denote the initiation dates of QE3 and QE4 tapering - the
moments in which the Fed reversed its policy and started to significantly reduce the pace of
its maturity extraction.

Figure reveals additional variations in patterns observed in the Treasury issuance
WAM during LSAPs. In both QE1 and QE4, there was an initial reduction followed by
a sustained increase, ultimately reaching levels significantly higher than those before each
respective LSAP programme. The subsequent declines following the conclusion of QE1
and start of QE4 tapering also suggest adjustments by the Treasury in response to the
Fed’s policy reversal. QE2 had a relatively shorter duration and, unlike QE1 and QFE4,
no initial reduction in the Treasury issuance WAM. However, as indicated by the results
in Table [I.2] the more modest maturity lengthening implemented in QE2 resulted in a net
average Treasury policy similar to the one observed in QE1 and QE4, when also considering
the macroeconomic environment. Lastly, from the initiation of OT until the start of QE3
tapering, the Treasury issuance WAM followed a declining path despite the Fed’s increasing
maturity extraction. Nevertheless, after the onset of QE3 tapering, the Treasury promptly
and significantly raised the average maturity of its issuances, nearly doubling the WAM of
the securities auctioned compared to the previous periods.

Consideration of the expected future interest rate behaviour can provide further insight
into the findings illustrated in Figure [I.5] aligning them with the model predictions. The
model posits that during periods where investors have reduced risk-bearing capacity or in-
creased demand for liquidity, such as those following the Global Financial Crisis (GFC) and
Covid-19 shocks, the fiscal authority will look to shorten the maturity structure of the debt,
in line with what was observed during early stages of QE1 and QE4. Conversely and also

consistent with Figure|l.5|evidence, as markets stabilise and initial shocks subside, the model
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Figure 1.5: Treasury WAM vs. Expected Future Interest Rates vs. Fed Maturity Extraction
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Note: The chart shows the weighted average maturity of newly issued Treasury securities in the next 3
months compared to the expected Fed Funds rate two years ahead, along with the amount of maturity
equivalents extracted from the market by the Fed. Yellow shaded areas indicate the windows of LSAPs,
with top green labels marking the beginning and top red labels indicating the tapering or end of each
programme.

predicts that, all else equal, the Treasury would extend the average maturity of its issuances
in response to the maturity extraction performed by the Fed and to the considerably lower
expected future interest rates during QE1 and QE4 compared to preceding periods.

The model also predicts that the relatively stable behaviour of the expected future in-
terest rate during QE2, OT and QE3 would result in less pronounced adjustments from the
Treasury. While the model still anticipates some degree of maturity extension in response to

the Fed purchases, the Treasury’s incentives to lengthen the maturity of its issuances during
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these programmes were lower compared to QE1 and QE4, periods of significant reduction
in expected future interest rates. While no causality can be claimed here, the swift and
substantial policy reversal following the start of QE3 tapering appears to support this inter-
pretation: with expected future interest rates not driving maturity extension, the Treasury
seems to have adopted a more passive approach during OT and the initial stages of QE3, re-
fraining from interfering with the Fed’s maturity extraction policy. However, as soon as QE3
tapering began, signaling the reversal of the Fed’s policy, the Treasury promptly took an
active stance and adjusted its issuance policy accordingly: it significantly intensified the in-
jection of maturity equivalents into the market, thereby compensating for the underreaction
in the previous period.

These observations seem to corroborate the model’s proposition that the degree of coor-
dination between the central bank and the fiscal authority during LSAPs is contingent upon
the behaviour of the expected future interest rate. During periods of reduced expected future
rates, the fiscal authority’s incentives for active debt management are stronger, leading to
policies that may offset, at least partially, the maturity extraction associated with LSAP
programmes. Conversely, when expected future rates remain stable, the fiscal authority may
adopt a more passive stance in managing the debt maturity structure, waiting for the cen-
tral bank to achieve its monetary policy or financial stability goals before taking the actions

prescribed by the optimal debt management policy.

1.5 Conclusion

This paper studies the factors influencing the optimal maturity policy of sovereign debt
in the context of central banks implementing large-scale asset purchases programmes. The
paper’s first contribution is to underscore the importance of focusing on the consolidated
sovereign debt when analysing debt management policies. In this regard, it is argued that

that LSAPs shorten the maturity structure of privately-held sovereign debt, a change that
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may not align with the fiscal authority’s optimal debt management policy.

To provide a formal analysis of the trade-offs faced by the fiscal authorities, I develop a
model wherein the fiscal authority faces interest rate risk and must determine the optimal
maturity structure conditional on shocks that prompt the central bank to engage in LSAPs.
The model predicts that the level of coordination between fiscal authorities and central
banks’ optimal policies depends on the macroeconomic environments that lead to the LSAPs.
During periods of lowered investors’ risk-bearing capacity or increased demand for liquidity,
such as those following financial stability shocks, the optimal debt management policy is
to shorten the debt maturity, aligning the fiscal authority and central bank in the same
direction. Conversely, lower expected future interest rates incentivise the fiscal authority to
lengthen the debt maturity, conflicting with the central bank’s LSAP policy.

Lastly, I provide empirical evidence indicating that the US Treasury’s maturity policy
during LSAP programmes has mostly been in line with expectations and with the model
predictions. The findings highlight that the Treasury has been attentive to the consolidated
sovereign balance sheet and to the Fed’s maturity extraction policies. Additionally, they
suggest that the Treasury may decide to take a more active or passive stance on the man-
agement of the debt maturity structure during LSAPs depending on the behaviour of the

expected future interest rates.
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A Appendix - Chapter 1

A.1 Bond Prices

The investors’ problem given by (1.3 can be solved backwards. At ¢t = 1, all uncertainty
is eliminated, so investors solve:

max u; (Ch) + B - ui(Cy)
{C1,Ca,b7 5,21}

S.t. 01 = béyl —|— R(J]C CZo — P172 . bi,Z — 21 (A]')
Cy =y + by + R - 2.

Assuming internal solution in short-term bonds and reserves markets, we have:

/
Plo=B- = —. (A.2)

Going back to the original problem at ¢ = 0 and again assuming internal solution in short-
term bonds and reserves markets, one must have:

Poa = B[+ ui(Cy)] = —- (A3)
0

Further solving the first-order condition with respect to By 2 one can obtain:

Poa =Eo [52 : U;(C2)] - U,(bég)

u;(Cy)
u;(Cy)

|+ con(5-utten s HER) < th)

— B [9- (0] o 5

1 /(1.8
=Eo {R_{} — k= (50,2)7

where K = —Cov <B ~ui(Ch), B - Z;Egi%) is assumed to be constant.
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A.2 Lemma 1.2

The t = 2 fiscal authority’s consumption can be rewritten as:

G+ Bo,1>

Gy =9y — Boa+ ( Prs

=1y — Bya —R{ (G114 By,) -

Using this, one can rewrite the fiscal authority’s problem at ¢t = 1 as:

(hax, ug(Gh) + ug(G2) 46)
s.t. G2 = g — ngg — R{ . (G1 + BO,l) .

The first-order condition with respect to G is given by:
ul(Gy) = R] - u)(G). (A7)

At the same time, using the ¢ = 0 budget constraint and the prices obtained in equations

(A3) and (A4), G, will be such that
i 5 - 1 o .
G2 =Y — BO,Q + Rl . Gl + B071 — EO E — K — (6072) . <BO,2 — BO,2> . (A8)
1

One can then write the fiscal authority’s expected utility function at ¢t = 0 as:

U™ = Eo [ug(G7) + ug(G3)]

~ 1 . ~
~ o [uy(Gi) + uy (5= B+ 1L (614 B [Bo || = 004 - (Boz = Bua) ) )]
1
(A.9)

where * denotes the optimum as evaluated at t = 1.

Differentiating U* with respect to By s yields equation ([1.11). Then, combining this result
with (A.4), (A.7) and (A.8)) gives us equation ([1.12)). Next, define y = (]EO [RL{] — k=1 <B072)> —

v"(By2) - (Boa — BO,Q). By rearranging the terms in (1.12)) we obtain:
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N ——
X (]Eo |R]] + Couy (%,R{)) ~1 (A.10)

f U;(Gg) f\ l
Eo | Rf| + Cov (EO [ (G3)] ’Rl) %

which characterises the tradeoff faced by the fiscal authority as exposed in (|1.13]).

A.3 Lemma 1.3

Assume the initial debt maturity structure at ¢ = 0 is such that Bo,g = Bg,. Then, at
the optimal, the fiscal authority’s tradeoff described in equation ([I.14]) will be such that:

, B 1
Eo [Rf| —a-Vary (R]) - G4 (Eo [RI]) = B[] v (o) (A1)

R

Next, using (A.7)) in the fiscal authority’s t = 2 budget constraint (A.8) and differentiating
with respect to Rj, one can obtain:

6 (B 1] = - (i - w)

Y — Boaz + BS,l — Poa - (Bo,z - Bg,z) - (log <EO [R{D - <1 o [R{] ))

(0%

(A.12)

Thus, at the optimal By = By ,:
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i (mi])
LI TN

5 (1+ Poz) > 0. (A.13)

Note that, in the absence of shocks, any LSAP programme will move By, away from
the optimal Bj, and lead to a shorter maturity structure than the one desired by the fiscal
authority. Equation (A.11]) will not hold anymore as the marginal cost of issuing one long-
term bond, on the right-hand side, will now be lower than the marginal cost of issuing
one extra short-term bond, on the left-hand side. As a consequence, the fiscal authority’s
optimal response would be to take advantage of that and issue more long-term debt, until
the maturity structure goes back to the optimal original point.

0]
A.4 Proposition [1.1

First, differentiating both sides of (1.14) with respect to x at the optimal By, = By,
and using the envelope theorem gives us:

0=— [Eo [R{] —a-Var (R{) e (Eo [R{])] d

_ [2 " (Bg,) - (EO [Rﬂ —a-Var (R{> -Gy (Eo [R{D)] dBo.2 (A.14)

' f
- (]EO [Ri{] R (B;;,Q)) - var (rf)- o Si)o’[fl}) dBy».

Rearranging the terms above while using (A.13]) and the fact that v” (-) > 0 one can get:

dB()’z
dk

<0. (A.15)

Next, doing the same for 7, where v (-) =n- ¢ () yields:

50



A APPENDIX - CHAPTER 1

0=— [gb' (B,) - <]E0 [R{] —a-Var (R{) el <E0 [R{Dﬂ dn

_ [2 n- ¢ (38,2) . (EO [R{] —a-Var (R{) -Gy <]Eo [R{D)] dBy

(A.16)
dcy (B |R]
1 / * 2 0 1
— [(]EO [R_{] — K= (BO,Q)> . (a -Var (R{) . SBO’E D) dBy.
Since ¢’ () > 0 and ¢" () > 0, then
dByo
a < 0. (A.17)
|

A.5 Proposition (1.2

By differentiating both sides of (1.14) with respect to Eq [R{] at the optimal while

keeping the distribution of R{ unchanged, one can obtain:
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o= o ] g ) - v a0) - s [])) s ]

~~
al

)

dE, [R{ }

+ [Pz |1 —a-Var (R{) - dEq [Rﬂ

: as ' (A.18)

— 20" (Bg,) - (EO [R{] —a-Var (R{) -G, <]E0 [R{D) dBo 2

J/

~~
a3

a0, (e ]
dBy 2

dBO’Q.

We already know that az > 0 and ay > 0, so ag+ a4 > 0. Therefore, we need to find the sign
of a; + as:
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ar + as = E [Ri{] = ERf] (B [Rf] —a-var (R]) - 64 (B[R] )) +

+}32.(1a.Var<R{>,dG5(E°Pﬁ}>)

dE, [R{ }

ot =B | o] - [lRf] (B[R] — - var () -4 (2 [R]])) +

S R N (R Em—)

a; +ay =a-Var (R{) - Gy <E0 [R{D :

E[L]. 1, 2 _
" 7] By [R{] 1+ [R]]

([ - h v () var(R) = (BL).
R

1+ E [R{] B [Rﬂ

(A.19)
Using equation , one can simplify to:
Var (R{)
ay +ay = —Fyo- ; —“—U/(ng)_

1+ E, [Rl]

(A.20)
1 1 1 2
—(=—-E Rf>-E[—]- + .
(Pog 0 [ 1} 0 R} K, [R{] 1+E, [R{]

Thus, as long as the term premium % — Eo [R{ } is bounded from below at a not too
negative value, we will have a; + as < 0. Assume this is the case.

Then, going back to equation (A.18):
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(a1 + ag) dE() [R{} = (a3 + &4) dBOQ. (A21)
Hence, it must be that:
dBy
———= < 0.
A.22
dE, [R{] (4.22)
0J
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2 Targeted Financial Conditions Indices and Growth-

at-Risk

2.1 Introduction

The importance of the financial system in both pricing and influencing macroeconomic
developments is widely recognised. One expression of that is the widespread use of financial
variables for macroeconomic modelling, both theoretical and empirical (see Bernanke et al.
(1999), Gertler and Kiyotaki (2010), Christiano et al. (2014) and Gilchrist and Zakrajsek
(2012), among many others). A frequent challenge is the wide range of candidate variables
for such modeling efforts. The development of so-called financial conditions indices, which
summarise information contained in a large number of variables, is a response to that problem
(see Arrigoni et al. (2022)). Financial conditions indices have been monitored in their own
right, but also used for forecasting and other analytical purposes. Among these, “at-risk”
modelling, which seeks to explain the occurrence and assess the likelihood of tail events for
a range of variables, has emerged as a very popular application, starting with Adrian et al.
(2019).

The standard approach for modelling such outcomes typically entails using a pre-existing
measure of financial conditions, usually designed with the sole aim of capturing common
variation across a wide range of financial variablest]. However, that may lead to a discon-
nect between the way financial conditions indices are constructed and their subsequent use.
Starting from this observation, we propose a method to extract financial conditions indices
that are specifically tailored to explain or forecast any part of the distribution of a variable of

interest. That is, we devise a methodology to estimate targeted financial conditions indices

1"With the notable exception of Giglio et al. (2016), which we discuss in detail below.
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(TFCIs), notably for “at-risk” modelling applications.

Our approach works by rotating an initial orthogonalisation of a panel of financial indica-
tors — in our case, the components of the Chicago Fed’s National Financial Conditions Index
(NFCI, Brave and Butters (2011)) — in order for one or more of the resulting components to
maximise covariation with individual quantiles of a target of interest — in our application,
future US GDP growth. We show that this yields indices that are economically intuitive,
smoother when computed in real time, and with better out-of-sample forecasting power than
existing alternatives.

Specifically, we show that our model delivers statistically and economically significant
gains in terms of probability scores and better-calibrated densities than a number of alterna-
tives, including the NFCI itself. Moreover, we also find that compared to a more ‘traditional’
index based on principal component analysis (PCA), a TFCI optimised to forecast the left
tail of GDP growth one year ahead tends to put more emphasis on developments in credit

and risk rather than leverage. The opposite is true for a TFCI for the conditional median.

Related Literature

Our paper is related to several literature strands. Most directly, it complements papers
that develop financial conditions indices (Hatzius et al. (2010), Brave and Butters (2012),
Kremer et al. (2012), Arregui et al. (2018) and Arrigoni et al. (2022)), and those that make
use of such indices to model tail risk in macroeconomic and financial variables (Adrian et al.
(2019), Adams et al. (2021), Chari et al. (2020), Figueres and Jarocinski (2020), Eguren-
Martin et al. (2021), Eguren-Martin and Sokol (2022), Gelos et al. (2022), Amburgey and
McCracken (2023), among others). By performing both steps jointly, our paper seeks to link
the two.

Both the “at-risk” papers cited above and our own approach can be categorised as quan-
tile regression models with factor-augmented predictors (Ando and Tsay (2011)). But while

the focus of that paper was on developing methods for selecting the optimal number of prin-

56



2 TARGETED FINANCIAL CONDITIONS INDICES AND GROWTH-AT-RISK

cipal components of a data set to include in a model, we go one step further by allowing for
targeted factor extraction based on a variable of interest.

Giglio et al. (2016) is, to our knowledge, the only paper that shares our goal, namely to
extract information from a panel of variables based on covariation with the quantiles of a
target variable of interest. But one reason to develop our own approach is that with a large
panel such as the one underlying the NFCI, we have found their method to be wanting in
terms of out-of-sample performancd™ We conjecture that this is due to the ability of our
approach to remove some idiosyncratic variation from the financial series before focusing on
fitting the quantiles of the target variable.

Finally, it is worth distinguishing our approach from so-called ‘quantile factor models’
(Ando and Bai (2020), Chen et al. (2021)). The aim of those approaches is to uncover factors
driving quantile covariation across a panel of variables. While our TFCIs can sometimes
exhibit meaningful covariation with some of the quantiles of the underlying financial series
— for example, tail outcomes in credit spreads coinciding with spikes in the TFCI — that
relationship is entirely subordinate to the aim of delivering covariation between the TFCI

and a specific quantile of the target variable.

Paper Structure

The rest of the paper is organised as follows: in Section we introduce our approach to
targeted factor extraction. In Section [2.3]we apply our method to US financial conditions and
GDP growth and revisit the drivers underlying growth-at-risk. In Section we compare

out-of-sample performance to available alternatives, and in we conclude.

18Giglio et al. (2016) illustrate their approach on a panel of 19 variables, roughly a fifth of the size of our
panel.

57



2 TARGETED FINANCIAL CONDITIONS INDICES AND GROWTH-AT-RISK

2.2 Targeted Factor Extraction

In this section we outline a novel approach to factor extraction, the main contribution of
our paper. Our objective is to extract one or more common factors from a potentially very
large set of variables. The crucial restriction is that the factors are required to maximise the
forecasting power of our model for a specific quantile and horizon of a target variable. In our
application, the set of variables from which factors are extracted are the series underlying
the Chicago Fed’s National Financial Conditions Index (NFCI), and the target variable is
US GDP growth.

In a nutshell, our approach uses orthonormal rotations to re-orient an initial factor de-
composition of the underlying (financial) variables so as to maximise their explanatory power
for a given quantile and horizon of our target variable (GDP growth). Let z; be an obser-
vation from a panel of n series that have mean zero and (for simplicity) unit variance. Let
Z stack the T observations z;, and [F, which stacks f;, be any factor decomposition of Z, for

example the full set of (standardised) PCA scores. Then

2t = Aft7 (2]_)

where A is a n X n matrix of factor loadings. Any orthonormal rotation of A and IF will also
yield an admissible factor decomposition of Z. Thus, let G (0) be a n X n rotation matrix
parametrised by the vector of angles 6. A set of new factors f; (0) can be recovered by simply

rotating the original factors (or equivalently, loadings), because

=M, =AG(O)G (0) fi=A0) [ (0). (2:2)

G () is constructed in a similar fashion as in Haberis and Sokol (2014), namely as the
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product of suitably chosen Givens matrices:

min(s,n—1)

G (9) - H G,’J’ (Qm) y (23)
=1 j=itl

where the only non-zero elements of G;; (0;;) are gir, = 1, k # 4,7, gei = cosb;;, k =1,
and g;; = —gi; = —sind, ;. The parameter » < n determines the dimension of the column
(sub-) space of A that is rotated by G (), while s < r controls the number of factors included
in the regression models (see below). As further discussed in Section we choose r, the
dimension of the column space to be rotated, dynamically for each vintage, quantile and
horizon from a grid, based on local fit adjusted for degrees of freedom (R!(7)), defined as:
V(r)T -1

V(r) T-p (24)

RY(1)=1-

where V(7) denotes the sum of weighted absolute residuals of a candidate model, V(7) the
sum of weighted absolute residuals of a model consisting only of a constant and p is the total
number of parameters, including the angles in ﬂ

Now consider the following specification of the conditional quantile function of response

variable y;,j for quantile 7:

19Gince V(T) is also the key ingredient of the likelihood of a linear quantile regression model, this is
essentially a shortcut to the likelihood ratio test proposed by Koenker and Machado (1999), the only difference
being the absence of an adjustment for curvature.
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Q (esnlwn, Fi(6).7) = alwy +9%(6,) 5. (67)

= B.(6,) 2. (6,). (2.5)

Here w; captures any explanatory variables not included in z;, such as deterministic terms or
lagged values of y;, and s, is an s X n matrix that selects the first s < n elements of f (0;);
the parameter s controls the number of factors included in the regression and determines
the length of v, (f,). We limit ourselves to s = 1; that is, we stick to a single factor to
be used for the modelling of our variable of interest. This is motivated by the objective to
have a single financial conditions index, both for ease of tracking its time variation and for
comparison with existing methods?}

For a given rotation of the original factors 6., BT (0,) solves the quantile regression prob-

lem:
1 T
Br (0;) = arg 5?1(39?) T ; pr (Ye — By (0-) 2 (67)), (2.6)

where p, (u) = u (7 — I (u < 0)) is the check function.
Our object of interest is 87, the set of angles, and therefore rotated factors, that, given a

choice of r and s, maximises the fit of the model:

20 Ando and Tsay (2011) investigate the choice of s in the context of choosing the optimal number of PCA
scores to include in a factor-augmented quantile regression. Their methods are not directly portable to our
setting, while our approach for choosing r based on R', or the likelihood ratio test in Koenker and Machado
(1999) can be easily extended to the choice of s. However, to avoid over-fitting, s << r, that is, only a small
subset of the rotated factors will enter the regression.
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T
* 1 Al
0; = argmin — ; or (yt —3(6,) , (97)) . (2.7)

0 is not available in closed form, but can be recovered by numerical optimisation]
To summarise, in our application we have, for each horizon and quantile of interest, a

fitted model of the following form:

1

Q (Agdpenlze (07),7) = 57 (07) Agdpys—n (2.8)
fi (65),
where Agdp;p,t denotes cumulative GDP growth between periods ¢ and ¢ 4+ h, 1 multiplies

a (quantile- and horizon-specific) constant and f; (0%) is our targeted factor, which is also

quantile- and horizon-specific.

2.3 Targeted Financial Conditions Indices and US Growth-at-Risk

In order to showcase the main advantages of our approach, we model the predictive
distribution of US GDP growth, the chosen target variable of several recent contributions
to the “at-risk” literature (Giglio et al. (2016), Adrian et al. (2019), Adams et al. (2021),
Plagborg-Moller et al. (2020), among others). We first describe the construction of our
targeted financial conditions indices (including the underlying data used), then discuss their

main features and differences with respect to existing approaches.

21'We provide replication codes in MATLAB for the purpose.
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2.3.1 Data and Index Construction

There is a tradition of papers extracting information from financial variables for moni-
toring and forecasting purposes (see Section . Due to its popularity, we take the Chicago
Fed’s NFCI (Brave and Butters (2011)) as our starting point.

Specifically, we focus on the more than 100 series comprising the NFCI, at monthly
frequency and over the 1973 - 2019 samplﬂ The authors group the series into three
categories: leverage, credit and risk; we follow that categorisation in our color-coding in
subsequent Chartﬂ. We start by standardising the underlying contributions to then extract
principal components, which we use both as a benchmark and as the initial orthogonalisation
to initialise our method (see Section @

We focus on a range of quantiles of GDP growth both 1 quarter and 4 quarters ahead, in
line with the literaturﬂ. For each, the specification of our model is laid out in equation (2.8]).
Given our focus on delivering a single targeted financial conditions index for each quantile
and horizon, we use a single factor for our forecasts (that is, we set s = 1). Moreover, we
choose r (which determines the number of standardised PCA scores to be rotated) from a
dynamic grid capped at 15% of the number of available indicators in each vintage, in order

to avoid overfitting9]

22We downloaded the underlying contributions to the NFCI from Bloomberg, using ALLX NFCI
<GO>. The same contributions, from 2008 onwards, are also available on the Chicago Fed website

23See Appendix for a full list of the series included. Although some series already start in 1971, we follow
Brave and Butters (2011) in considering data form 1973 onwards, which is when at least 25% of the series
comprising the final dataset are available.

24While the NFCI is based on a dynamic factor model, the correlation between the extracted factor and
the first principal component of the underlying data is 0.97 over our forecast evaluation sample (see next
Section).

251 quarter ahead, the left-hand side variable is the seasonally-adjusted QoQ annualised growth rate; 1
year ahead, it is the YoY growth rate.

26We conjecture that our ability to set the parameter = is one reason for the better out-of-sample per-
formance of our approach compared to Giglio et al. (2016), as setting r << n allows to filter out some
idiosyncratic variation from the financial variables before focusing on covariation with individual quantiles
of our target.
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Figure 2.1: Left tail TFCI and PCA index - 1 Year Ahead

TFCI Left Tail - PCA
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Note: The figures plot the real-time (ex ante) time series of the a) Left Tail TFCI (5th Percentile) and b)
PCA Index, when forecasting 1 year ahead. The indices comprise three subgroups: leverage (yellow), credit
(red) and risk (blue). Both indices have been standardised.

2.3.2 Financial Conditions and US GDP-at-Risk Over Time

In this subsection we focus on the 5 percentile of the distribution of US GDP growth
four quarters ahead, one possible definition of growth-at-risk (see, for example, IMF (2017)).

Figure shows the real—timelﬂ evolution of the TFCI that results from targeting the
5" percentile of GDP growth four quarters ahead, decomposed into the contributions of
each financial category. The right panel shows an analogous figure for a PCA-based version,
where the index in each period is the last observation of the first principal component of the
underlying series available at the timﬂ Higher values indicate tighter financial conditions.
We show the PCA-based version as a benchmark for two reasons. First, over the sample
shown in Figure , the first principal component of the most recent data vintage (2019Q4)
correlates almost perfectly with the corresponding NFCI vintage. And second, PCA scores

are the starting point of our approach, so differences in loadings between our index and the

270Or ex-ante, as opposed to the ex post series fitting the realised data that is used at the estimation step.
28For each period, the contributions to the index are obtained by inverting A () and multiplying the
elements of the first row by the original (standardised) underlying series.
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first principal component are an object of interest in its own right.

There are a few points worth highlighting. First, and most notably, both indi