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Abstract

US federal debt plays a special financial role giving the US government a funding ad-
vantage compared to the private sector. Is this an immutable feature of US treasuries
or a fragile equilibrium outcome? To answer this, we build a model where government
funding advantage emerges endogenously from the financial sector’s ability to use trea-
suries to hedge risk. Financial regulation can amplify the hedging properties of US
treasuries by creating captive demand in bad times but only if the government runs
stable fiscal policy to protect long-run treasury prices. Ultimately, the government
cannot simultaneously choose: (i) high funding advantage, (ii) financial sector stabil-
ity, and (iii) monetary-fiscal policy that destabilizes treasury prices. Balancing these

tradeoffs has far-reaching macroeconomic and welfare implications.
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“The temptation to rely on inflation or financial repression to reduce the debt

burden will surely grow.”

—Janet L. Yellen, Remarks on the Future of the Fed, AEA Meetings, Jan 2026.

1 Introduction

US federal debt plays a special role in the economy and so has given the US government
a funding advantage, often summarized by the spread between the yield on high-grade US
corporate bonds and comparable US Treasuries. Different views have emerged about where
this funding advantage comes from. At one extreme, many macro-finance models treat US
funding advantage as an immutable feature of the economic environment and encoded the
non-pecuniary benefits of holding US debt into agent preferences or the market structure.
This means the government can easily “exploit” the funding advantage to increase spending.
At the other extreme, US policy makers have historically argued that US funding advantage
emerged as part of a complicated collection of financial-monetary policies that have shaped fi-
nancial sector demand for US treasuries. When viewed in this way, generating and exploiting
a funding advantage is closely interconnected with government policy, fragile in execution,
and imposes far reaching impacts on the macroeconomy. It links the stability of the financial
sector to the stability of the government budget constraint. It distorts the portfolio of the fi-
nancial sector, potentially increasing default and crowding out private liquidity creation and
productive investment. In this paper, we study the mechanics, limitations, and trade-offs
associated with how government polices influence demand for long-term government debt.

When studying US funding advantage, the macro-finance literature has been strongly
influenced by historical asset pricing data appearing to show a relatively stable, downward
sloping equilibrium relationship between funding advantage and government Debt-to-GDP
for the period 1920-2007 (e.g. Krishnamurthy and Vissing-Jorgensen (2012)). This has led
to many papers that model government funding advantage using a time-invariant bond-in-
the-utility function that is calibrated to match the historical data. However, in Section 2, we
use new data from Lehner, Payne, Shurtleff and Szdke (2025) and show that this apparently
stable relationship comes from mismeasurement. Instead, there are low-frequency changes to
the level and curvature of the equilibrium relationships that correlate with historical policy
regime changes. US funding advantage appeared in the late 1860s, well before Bretton-
Woods, and fell to zero during the high inflation of the 1970s, despite the emergence of US
dollar denominated debt as the international reserve asset.

We build a general equilibrium structural model that endogenizes the connections be-

tween financial sector regulation, fiscal policy, the return process on long-term government



debt, and government funding advantage. Our environment is a stochastic neoclassical
growth model extended to include a morning sub-period where households need liquidity
services provided by a risky banking sector (referred to as the “secondary” asset market)
and an afternoon subperiod where there are no frictions (referred to as the “primary” asset
market). The economy is populated by households who need bank deposits to be able to
trade and produce in the morning sub-period. Banks issue deposits and equity to households
and invest in government and corporate bonds. The main friction is that banks cannot issue
uncollateralized IOUs with each other to settle withdrawals (and redeposits) in the morning
market. Instead, they must rely on bond sales and costly equity raising from the households,
both of which become more costly in the crisis states of the world when the banking sector
faces systemic liquidity shocks. The frictions make our environment a “second-best” world
with two interconnected asset pricing distortions: a “liquidity spread” on financial sector
liabilities and a “hedging spread” on assets that can help banks to self-insure against high
withdrawal shocks. Absent financial regulation, additional financial frictions, or government
debt devaluation, this is an economy where government and corporate bonds are equally
useful /useless for hedging risks in the secondary market. That is, government debt does not
have an immutable, special role in the economy.

We use our environment to study how government policies can both create and destroy
a special role for government debt in the financial sector. In Section 3 we focus on financial
regulations that nest the historical US experience from the National Banking Era (1862-
1913) to the more recent Basel III weighted leverage ratio. We show how, in an environment
without inflation risk, these government portfolio restrictions in the secondary market deter-
mine which asset plays the role of a hedging asset for the financial system. If the regulations
place more weight on holding government debt, which we refer to as regulatory privilege
(or “financial repression”), then banks end up crowding into government debt in the bad
state of the world when the regulatory constraint binds more. In this sense, the government
regulation can create “captive” counter-cyclical demand for it debt. This leads to an appre-
ciation of the price of government debt in the morning market in bad states and so makes
government debt a good “hedge” against aggregate shocks. Consequently, banks voluntar-
ily increase their government debt in the afternoon market to self-insure against morning
market shocks, which also leads to banks taking on higher leverage and so, in equilibrium,
having more need for government bonds to hedge their risk. The end result is that the price
of government debt is inflated in the primary asset market. In this sense, the government
funding advantage comes not just from forcing banks to hold the asset but also from the
hedging role that Treasury’s end up playing.

In Section 4, we show how the combination of regulatory privilege and inflation risk erode



the government’s funding advantage. This is because regulatory privilege ties the solvency
of the banking sector to the stability of the government debt prices while at the same time
unstable fiscal policy destabilizes government debt prices. This means that the banks are
left with a no-win trade-off: if they don’t purchase government debt, then they violate
the regulatory restrictions on backing deposits but if they purchase government debt, then
the government’s monetary-fiscal policy policy forces them to take losses and pay negative
dividends in the states of the world when they can least afford it. In the morning market,
banks respond by raising equity and exiting the deposit market, which means the morning
hedging demand disappears. In the afternoon market, banks respond to the loss of a “safe-
bond” by using inefficient short-duration storage assets to bank their deposit creation. The
end result is that the banking sector issues fewer deposits (the extensive margin) and less
debt to back the deposits that remain (the extensive margin). This erodes the government’s
captive demand in the banking sector and so the government’ funding advantage disappears.
It is important to understand that this decrease in funding advantage is not coming from a
simple inflation risk premium emerging on government debt (since corporate debt has the
same inflation risk) but instead occurs because government debt no longer plays a special
role in interbank market and so no longer provides a non-pecuniary benefit.

We use our model of endogenous government funding advantage to study the macroeco-
nomic economic tradeoffs for a government choosing restrictions on the financial sector to
finance a fiscal rule. Our model leaves the government with complicated trade-offs, which we
summarize as a “trilemma” that the government cannot choose all three of: (i) high funding
advantage, (ii) a well-functioning financial sector (profitable and stable), and (iii) monetary-
fiscal policy that leads to systematic real debt devaluation (e.g. “default”, “counter-cyclical”
issuance, “inflation”). Intuitively, this Trilemma says that when a government uses the fi-
nancial sector to generate funding advantage, then it intertwines the balances sheets of the
banking sector and the government, which constrains the range of feasible government poli-
cies. If the government sets a high regulatory privilege to generate a high funding advantage
(choosing part 1 of the trilemma), then it either needs to run monetary-fiscal policy that
targets bond price stability (giving up part 3 of the trilemma) or it will put the financial
sector into distress (giving up part 2 of the trilemma). In this sense, our model of endogenous
funding advantage both gives the government more freedom to expand funding advantage
but also highlights that this freedom rests on a stable monetary-fiscal environment.

We close our paper by studying counterfactual financing of large government spending
shocks in a calibrated version of our model. The four major historical increases in the
US Debt-to-GDP ratio are the Civil War, World War I, World War II, and the Global

Financial Crisis. A striking feature of these episodes is that there only one example where



the large increase in US Debt-to-GDP actually coincides with a decrease in government
funding advantage: World War I. By contrast the very large increases in funding advantage
during the Civil War and the Global Financial Crisis actually coincide with large increase
the funding advantage. Through the lens of our model, this occurs because, during both
the Civil War and the Global Financial Crisis, the financial system was reorganized to help
finance the government. In both cases, this ended up leading to government debt becoming
a better asset for hedging aggregate risk. In this sense, the government both increased the
supply of government debt but also intervened in financial markets to increase demand. We
perform a counterfactual experiment in which the US government finances World War I
using a similar approach to the Civil War and the Global Financial Crisis. We find that the
government is able to decrease taxation but at the cost of both lower investment and lower

banking sector liquidity creation.

Related Literature: Our paper is part of a large literature studying financial and fiscal
policies in non-Ricardian macroeconomic models. A recent branch of this literature studies
the “fiscal-sustainability” of government debt taking fiscal policy and private sector pricing
kernels as given (e.g. Jiang, Lustig, Stanford, Van Nieuwerburgh and Xiaolan (2022); Chen,
Jiang, Lustig, Van Nieuwerburgh and Xiaolan (2022)) or deriving private sector pricing
kernels from a model with incomplete markets that generate a premium on government
debt (e.g. Reis (2021b), Reis (2021a), Brunnermeier, Merkel and Sannikov (2022)). Our
paper studies the feasibility and costs of using financial regulation as a means to “choose”
private sector pricing kernels that increase government fiscal capacity. Another branch of
this literature studies fiscal-monetary connections (e.g. Sargent and Wallace (1981) and the
“fiscal theory of the price level” papers such as Leeper (1991), Sims (1994), Woodford (1994),
Cochrane (2023), Bianchi, Faccini and Melosi (2023)). Unlike in these papers, government
debt in our model is partially backed by financial regulation that creates captive demand
within the financial sector and so makes government debt a safe asset. Ultimately, this
means that fiscal policy not only backs government debt through the surplus process but also
through its effectiveness as a safe asset. In this sense, we bring the fiscal cost of generating
a funding cost spread onto the equilibrium path.

We are also part of a long literature attempting to understand how the government and
the financial sector can create safe assets (e.g. Holmstrom and Tirole (1997), Gorton and Or-
donez (2013), Gorton (2017), He, Krishnamurthy and Milbradt (2016), He, Krishnamurthy
and Milbradt (2019), Choi, Kirpalani and Perez (2022), Bonfanti and Marcucci (2025)) and
the macroeconomic implications of safe asset creation (e.g. Caballero, Farhi and Gourinchas
(2008), Caballero, Farhi and Gourinchas (2017), Caballero and Farhi (2018)). Our contribu-



tion to this literature is to connect an endogenous safe asset model to financial, fiscal, and
monetary policy in a general equilibrium macroeconomy.

Our model focuses on how financial institutions manage the settlement risks that arise
from maturity transformation (e.g. Diamond and Dybvig (1983), Freeman (1996a,b), Gertler
and Kiyotaki (2010), Williamson (2012), Gale and Yorulmazer (2020), Bianchi and Bigio
(2022, 2026)). The underlying friction in our environment arises from the inability to move
resource from the depositors who have excess resources to the depositors who need additional
resources. This is similar to in Holmstrom and Tirole (1998) but with frictional financial
banks who face costs when they intermediate the process. Like Gertler and Kiyotaki (2010)
and Bianchi and Bigio (2022), we integrate settlement frictions in the banking sector into
a general equilibrium business cycle model. We don’t attempt to innovate on the existing
banking literature but instead show how financial-fiscal-monetary policy can create or erode
inelastic bank demand for long-term government bonds in a standard bank model. Although
we focus on banks, the forces we discuss would translate into other financial intermediary
models where a financial intermediary faces financial frictions that non-pecuniary demand
for long-term bonds that help them to hedge risk.

Our historical comparisons extend existing studies on the convenience yield (e.g. K-
ishnamurthy and Vissing-Jorgensen (2012), Choi et al. (2022)) back to the mid nineteenth
century. This makes us part of a literature attempting to connect historical time series for
asset prices to government financing costs (e.g. Payne, Sz6ke, Hall and Sargent (2023b),
Payne, Széke, Hall and Sargent (2023a), Jiang, Lustig, Van Nieuwerburgh and Xiaolan
(2021), Jiang, Lustig, Van Nieuwerburgh and Xiaolan (2020)). Our focus on modeling the
hedging properties of government debt is complementary to the empirical work of Acharya
and Laarits (2023).

Outline: Section 2 documents the empirical evidence. Section 3 describes and character-
izes our baseline model of captive demand and funding advantage. Section 4 introduces
inflation risk and establishes the trilemma. Section 5 discusses how other commonly used
models cannot account for the 1970s collapse in funding advantage. Section 6 presents the

counterfactual fiscal experiment.

2 The Nature of Government Funding Advantage

In this section, we define the government funding advantage and discuss different views of
its origins and equilibrium behavior. We argue that the defense of the popular bond-in-the-

utility model rests on a fragile foundation: an apparent stable, policy-invariant equilibrium



relationship that dissolves once important institutional features of the US Treasury market
are taken into account. Our new historical time series from Lehner et al. (2025) is more

consistent with a policy-dependent picture of US government funding advantage.

2.1 Defining Government Funding Advantage

Suppose both the government and the corporate sector issue long-term bonds that pay a
fraction w of the remaining outstanding balance each period, so their average maturity is
1/w. The bonds trade at prices ¢° and ¢ respectively. We say that the government has a
funding advantage if it can sell its debt at a higher price than the private sector, ¢¢ > ¢,
even though the bonds promise the same cash flow stream. In yield terms, funding advantage

can be summarized by the spread:

xi = (= wlog(ql)) — (—wlog(q})) >0,

so the government can borrow at a cheaper rate than the private sector.! The object y:
plays an important role in macro-finance, because its size determines the extent to which
the government can issue debt unbacked by future tax revenue. Formally, let & ;. denote a
stochastic discount factor that discounts payoffs between period t and ¢ + s. Each period t,
the government raises taxes 7, spends Gy, and issues long-term debt B;. Define the period-
t goods raised through new debt issuance as A; := qf (Bt — (1 - w)Bt,1> and write the

inter-temporal government budget constraint as (see Appendix A):

(w +(1— W)Qf)Bt—l = Et[i Ettts (Tt+s - Gt+s>}

s=0

(@)
—Xt b - —Xt+s
+ 1 — eXp T (1 — w)tht_l + Et th,t—i—s 1 — eXp T At+5 .
s=0
(i)

This equation states that the market value of outstanding debt (left-hand side) equals the
present discounted value of future primary surpluses (term (i)) plus the present discounted

value of the convenience revenue—the implicit “tax” the government earns by issuing debt

"'We consider the spread x; as a measure of the government funding advantage relative to the private
sector rather than a measure of a premium on debt relative to non-debt assets more broadly. As such, it is
conceptually different from the Treasury “box spread” (e.g. van Binsbergen, Diamond and Grotteria (2022))
or a “convenience yield” that many papers take to refer to the spread between expectation of the household’s
stochastic discount factor and the yield on Treasuries (e.g. Krishnamurthy and Vissing-Jorgensen (2012)).
Under some assumptions, government funding advantage and convenience yield might coincide, but this
distinction does not matter for our purposes.



at a lower cost than the private sector (term (ii)). The second term captures the contribution
of the government funding advantage to debt capacity: the larger and more persistent the
spread Y, the greater the share of debt that is backed by convenience revenue rather than
fiscal surpluses. Understanding how various policies shape the sequence {x;}+>o is therefore

central to understanding the government’s borrowing capacity and choice set.

2.2 Two Views of Government Funding Advantage

Researchers and policy makers have long been preoccupied by attempts to understand and
control US government funding advantage, which has spawned a wide range of explanations
for its origins and persistence. As an equilibrium relative price, the funding advantage is
determined by the interplay of Treasury supply and demand. The supply side is uncontro-
versial: issuance is a policy instrument, and ceteris paribus, expanding the amount of out-
standing debt compresses the government funding advantage by eroding the scarcity value
of Treasuries. The demand side is less straightforward and more contested. At one extreme,
we have the views of historical policy makers who have argued that government funding ad-
vantage is part of their choice set through the way they set financial-monetary-fiscal policy.
At the other extreme, we have many macro-finance models, such as bond-in-utility (BIU) or

bond-in-advance (BIA), that impose a policy-invariant Treasury demand function.

(I). Policy maker view: US policy makers have long sought to intervene in the Trea-
sury market to reduce federal borrowing costs below the “prevailing market rates”. During
the National Banking Era (1862-1913), Treasury Secretary Salmon Chase and Senator John
Sherman pursued this goal by creating a captive market for Treasuries, requiring banks
to back money creation with long-term government debt.? A generation later, World War I
Treasury Secretary William McAdoo deployed conversion options, tax incentives, and “moral
suasion” to hold government borrowing costs down and stabilize nominal returns on Trea-
suries, on the premise that bond price stability were essential to sustaining US funding ad-
vantage during the war—an argument that Federal Reserve Board research director Emanuel

Goldenweiser would echo when advocating for yield curve control during World War I1.3 Con-

2Lowenstein (2022) vividly describes how the Treasury Sectretary turned to financial regulation as an
instrument to finance the Civil War: “Chase was doggedly trying to raise money. [...] The banks were the
only natural customers, and they would purchase only at a discount. [...] [Chase] needed a comprehensive
and enduring solution. He therefore revived his proposal to create a new system of national banks designed,
by charter, to lend to the government” (p. 145).

30n McAdoo’s conversion options and their role in stabilizing Liberty Bond prices, see Garbade (2012);
Kennedy (2004) notes that “McAdoo’s unwillingness to rely either on heavy taxation or on market-rate
borrowing led directly to the effort to mobilize emotions instead [...]” (p. 106). Emphasis added. The
same logic of price stabilization resurfaced in 1941: Emanuel Goldenweiser proposed to the FOMC that “a



versely, financial commentators during the 1970s argued that the loss of the nominal anchor
had eroded US funding advantage.* More recently, the literature has pointed to Basel III
and Dodd-Frank as modern instances of macroprudential regulations generating structural
demand for government debt (e.g., Gorton (2017), Begenau and Landvoigt (2022)). Across
these episodes, a common thread emerges: Treasury demand is shaped by government pol-
icy, whether through captive demand engineered via financial sector regulation, or through

predictable returns maintained by a (promise of a) stable fiscal-monetary framework.

(IT). Stable demand view: A popular motivation in the macro-finance literature on
long-term government debt is a striking empirical pattern: historical asset pricing data
appears to reveal a relatively stable, downward-sloping relationship between the US funding
advantage, y, and debt-to-GDP over the period 1920-2007 (e.g., Krishnamurthy and Vissing-
Jorgensen (2012)). We replicate this pattern in the top panel of Figure 1, which plots the
most commonly used measure of the funding advantage against the market value of debt-to-
GDP. This regularity led many researchers to set aside institutional features of the Treasury
market and the financial sector, focusing instead on reduced-form models that generate the
downward-sloping relationship through a canonical scarcity effect—potentially shifted by
exogenous demand shocks orthogonal to government policy. The workhorse framework in
the macro-finance and safe-asset literatures reflects this view: a bond-in-the-utility model
with exogenous demand shocks. The implicit interpretation is that, throughout the 20th
century, movements in the funding advantage largely reflected changes in Treasury issuance,
i.e., movements along a stable demand curve that was independent of government policy and

only occasionally shifted by external forces.

2.3 Revisiting A Key Equilibrium Relationship

In Lehner et al. (2025), we show that the apparently stable equilibrium relationship in the
top panel of Figure 1 is an artifact of mismeasurement. The most commonly used measure
of government funding advantage in the literature is an index-based spread, constructed as
the difference between (i) the Moody’s Seasoned AAA-rated corporate bond index, drawn
from a sample of bonds with more than 20 years to maturity, and (ii) the Federal Reserve

Board’s long-term US government bond yield index, constructed as the average yield on

definite rate be established for long-term Treasury offerings, with the understanding that it is the policy of
the Government not to advance this rate during the emergency. [...] When the public is assured that the
rate will not rise [and so the price will not fall], prospective investors will realize that there is nothing to
be gained by waiting, and a flow of funds into Government securities [...] may be confidently expected”
(Federal Open Market Committee, 1941, p. 8). See also Garbade (2021) on this episode.

4See the Carter Bonds Episode (1978-1979), as well as Kaufman (1986), and Goodfriend (1993).
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all outstanding government bonds neither due nor callable in less than 10 years. This
spread, however, does not compare like with like: in the 1960s-1970s it conflated the yield
on a nominal corporate bond with the yield on a government “flower bond” that embedded
both an implicit inflation hedge and a complex tax advantage. The apparent stability of
the spread-quantity relationship in the top panel therefore reflects, in large part, the varying
inflation-hedge premium embedded in Treasury flower bonds rather than any deep structural
connection between government funding costs and the debt-to-GDP ratio. After correcting
for these differences, a very different picture emerges. The middle panel of Figure 1 plots the
corrected funding spread against debt-to-GDP for 1920-2007 and reveals almost no stable
connection between the two series. The dependence on quantities is, at best, a weak predictor
of equilibrium changes in the funding advantage.

The high-inflation episode of the 1970s and early 1980s (the red dots and lines) provides
a particularly sharp illustration of what is at stake. In the top panel, the index-based spread
appears to rise as inflation begins to erode the real value of long-term government debt after
1965, creating the impression that the US was moving along a stable, downward-sloping de-
mand curve for Treasuries—consistent with the macro-finance models with a policy-invariant
demand function. Our corrected series tells a fundamentally different story: as government
debt was progressively devalued by inflation, the US funding advantage fell to approximately
zero, its lowest value in the entire sample. Rather than moving along a stable demand curve,
the 1970s episode looks like a breakdown—or a sharp leftward shift—of the equilibrium
relationship itself. The US lost its funding advantage precisely when inflation became unan-
chored. This is consistent with policy-maker concerns that long-term price stability is a
precondition for sustaining a government funding advantage.

We emphasize that none of these scatter plots identifies a demand function. They are
therefore entirely consistent with the large applied microeconomic literature that uses a
variety of instruments to establish that demand for Treasuries is downward-sloping in the
market value of Treasury holdings. In fact, all of our structural modeling will generate
demand functions that match this microeconomic evidence. What our results do challenge is
the macro-finance practice of targeting a stable equilibrium relationship between quantities
and spreads as an identification strategy. Interpreted through the lens of a bond-in-the-
utility model, the difference between the top and middle panels implies that exogenous
demand shifters—rather than movements along a stable pricing function—account for the
preponderance of variation in the data. Any model that treats these shifters as a residual,

or abstracts from them entirely, will draw misleading conclusions about the government’s

5See e.g., Greenwood, Hanson and Stein (2015), Jiang, Richmond and Zhang (2025), Krishnamurthy and
Li (2023), Jansen, Li and Schmid (2025), Cavaleri (2024)
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borrowing capacity.

The richness of the corrected series is further apparent when we extend the sample back to
1865, as shown in the bottom panel of Figure 1. Over this long horizon, there are pronounced
low-frequency changes in both the level and curvature of the equilibrium relationship that
correspond closely to changes in financial regulatory regimes emphasized by economic histo-
rians. The US funding advantage emerged in the late 1860s—well before the Bretton Woods
system institutionalized the dollar’s reserve-currency role—and collapsed to zero during the
high inflation of the 1970s, despite the dollar’s entrenched position as the dominant interna-
tional reserve asset. These patterns suggest that the funding advantage is shaped by forces
that operate at a lower frequency than the business cycle and that cut across conventional

exchange-rate regimes.

Which kind of equilibrium relationship macro-finance is targeting has far-reaching impli-
cations, which raises the stakes on getting it correct in empirical work and macroeconomic
modeling. If the US faces a stable, policy-invariant demand function for its debt, then a wide
range of government actions—inflating away existing debt obligations, restructuring the fi-
nancial sector, altering reserve requirements—Ileave the government’s monopoly position as
a safe-asset supplier essentially intact. By contrast, if we think the US faces a policy-variant
equilibrium pricing function, then the government faces a very different choice set. It can
potentially expand the equilibrium pricing function for government debt but it can equally
erode it through policies that raise return risk or crowd out private safe-asset demand. This
opens up a collection of interesting questions about how government policies interact with
government funding advantage. Can the government systematically intervene in government
debt markets to change its funding advantage? What is the role of return risk? What is
the actual choice set faced by a government? Which combinations of financial regulation,
monetary policy, and fiscal policy are consistent with increasing household welfare?

These are inherently general equilibrium questions and require a structural model. In the
next section, we build one. We endogenize the government funding advantage by focusing
on the role that Treasuries play in helping financial intermediaries manage liquidity and risk.
In the model, the shape of the equilibrium spread-quantity relationship is governed by the
first-order conditions of profit-maximizing banks, which means the government can shift this
relationship either through forced holdings and financial regulation or through fiscal and
monetary policies that destabilize bond prices. This provides a micro-foundation for the
demand shifters apparent in the bottom two panels of Figure 1, and allows us to nest the
many narratives advanced by policy makers within a single unified framework connecting

financial regulation, market structure, and monetary-fiscal policy. The result is a model
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well-suited to speak to the policy-variant nature of the equilibrium pricing function that our

new data series reveals.

3 A Model of Government Funding Advantage

In this section, we outline a tractable macro-finance model in which government funding
advantage is endogenous and policy dependent. Conceptually, we do this by modeling an
environment in which financial assets can take on a special role to help banks manage contract
settlement frictions and their associated risks. If government bonds take on this role, then
they trade at a higher price and lower yield than a private sector bond with an identical
cash-flow stream, thereby giving the government a funding advantage. We use our model
to show how financial regulation can be used to make government bonds (or other bonds) a
“safe asset” and so make become the asset banks prefer for managing settlement risks.

Formally, we study a stochastic neoclassical growth model with a banking sector that en-
gages in maturity transaction. Households need deposits in order to trade and produce input
goods. Banks provide these deposits but cannot costlessly raise equity when settling deposit
withdrawals. This is the main financial friction in our environment. It ultimately exposes
banks to the risk of costly equity issuance and/or costly asset sales in the “crisis” states when
households need more liquidity. The frictions make our environment a “second-best” world
with two interconnected asset pricing distortions: a “liquidity spread” on financial sector
liabilities and a “hedging spread” on assets that can help banks to self-insure against high
withdrawal shocks. We assume that absent financial regulation, government and highest-
grade corporate debt are equally useful for hedging settlement risks in the interbank market.
That is, government debt does not have an immutable, special role in the economy.

We introduce a government into this environment that faces exogenous expenditure
shocks, can raise taxes, and can manipulate asset markets by imposing restrictions on finan-
cial sector portfolios. This introduces additional asset-specific regulatory pricing distortions,
which creates direct regulatory demand for government debt (a forced holding effect) and
also changes the equilibrium co-movement between government debt prices and aggregate
shocks (a hedging effect). In particular, the regulatory portfolio restrictions induce crowding
into the secondary government debt market in crisis times. This makes government debt an
effective hedging asset. We show that both the forced holding effect and the hedging effect
generate “non-pecuniary” or “inelastic” demand for Treasuries which opens up a funding
advantage for the government.

The implied regulatory wedges function as a form of “financial tax” that banks seek

to minimize. A key feature of our model is that banks have the ability to mitigate the
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impact of these wedges, though only by incurring a cost (either through costly equity raising
in the morning market or by holding low return storage assets with the same duration
as their liabilities). When this cost is high, regulation generates strong captive demand
for government debt, producing a sizable funding advantage. However, unless the cost is
prohibitive, the banking sector’s profit-maximizing behavior renders such captive demand

inherently fragile. In Section 4 we show how this fragility gets activated by inflation risk.

3.1 Environment

Setting: The economy is in discrete time with infinite horizon: ¢ = 0,1, 2, ... Each period
has morning and afternoon sub-periods. We interpret the afternoon sub-period as a primary
asset market and the morning sub-period as a secondary (inter-bank) asset market. There
is a final good that is used for consumption and investment and there is an input good that
is combined with capital to produce final goods. There is a unit continuum of households,
a unit continuum of banks, and a unit continuum of firms. There is a government that pur-
chases consumption goods, issues debt, B;, in the primary asset market, raises taxes from
the family in the afternoon, and imposes regulatory constraints on bank portfolios. There
is an exogenous state g, that is realized at the start of the morning market and follows a
Markov Chain with transition matrix II. We denote variables in the morning market with a
breve, ¥, and in the afternoon market without a breve, v. We use a lower case letter v to de-

note a variable for an individual agent and a capital letter V' to denote the aggregate variable.

Firms and production: Firms control an “afternoon” Cobb-Douglas production technology
that transforms k; ; units of capital and /; units of “input goods” into y;, = z(et)kf‘flltl’o‘
units of final goods in the afternoon of t. Capital depreciates at rate 6 > 0, so firms—who
own the capital stock—enter each period ¢ with (1 —§)k;_; units. In the afternoon of ¢, prior
to production, they can convert final goods to capital goods 1 — 1. This implies a law of
motion for capital stock k; = (1 — 0)ki—1 + 4, where 7, is investment of final goods. Firms
can issue long-term bonds, h;, and equity, n; in the afternoon market. Long term bonds
repay a fraction w of the outstanding balance in final goods each afternoon. Following the
macro-finance literature (e.g. Holmstrom and Tirole (1997), Kiyotaki and Moore (2019)),
firms face a collateral constraint that debt must be backed by capital to ensure no-default:

q"hy < 0gFk;, where ¢! and ¢F are the price of bonds and capital respectively.

Households: The economy is populated by a continuum of infinitely lived households with

discount factor . In the morning, households produce input goods according to a produc-
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tion function I, = [, where [, is morning labor supply. However, only a fraction 1 — \(e;)
of households can use their own labor to produce input goods. The remaining fraction
A(g¢) need to use the labor of other households but lack the commitment required to issue
credit and so must pay for labor inputs using deposits when purchasing labor (i.e. they
face a “deposit-in-advance” constraint). All households supply labor at linear disutility ¢;
that is chosen to ensure that all households enter the afternoon with the same portfolio.®
Households can store the goods from morning to afternoon and sell them to firms. In the

afternoon, all households get flow utility u(¢;) from consuming ¢; final goods in the afternoon.

Banks: In the afternoon of period ¢t — 1, a one-period-lived representative bank issues de-
mand deposits, d;_1, and equity, e;_1, to the households. In the morning of period t, a
fraction A(g;) of households transfer deposits to other households, generating a gross outflow
of A(&;)d;—1 deposits at the opening of the morning market and an offsetting gross inflow of
the same magnitude at its close. Each deposit promises 1 unit of input goods if withdrawn
in the morning and 1 unit of final goods if withdrawn in the afternoon. Banks may also
carry my_1 units of afternoon good into the morning via an inefficient storage technology
that yields ¢m;_; units of morning input good (¢ < 1) in the morning of period ¢, so excess
deposit withdrawal that requires settlement is A(e;)d;_1 — ¢my;_;. Settlement is frictional.
The interbank morning markets preclude free netting of outflows and future inflows: banks
cannot write uncollateralized IOUs with each other and must settle gross outflows by either
raising costly funds from households, or selling long-term assets. Specifically, banks may
issue “non-preferred equity” €; at morning price ¢y, each share returning one final good in
the afternoon, but doing so incurs a quadratic resource cost W(gfé;) = £(max{¢cé,,0})>
borne in the afternoon.” In the afternoon, banks sell their remaining assets to newly formed

banks, pay out dividends z¢ per share, and exit.

Markets: We use the input good as the numeriare in the morning market and final goods
as the numeraire in the afternoon market. In the afternoon, government bonds, corporate
bonds, firm equity, bank deposits, bank equity, capital, and input goods are traded in com-
petitive markets at prices (¢%,q", q", ¢%, qf, qF,w;) respectively. In the morning, after the
shocks are realized, banks can trade government bonds, at price ¢°, and corporate bonds, at

price ¢, in the secondary asset markets, and issue non-preferred equity at price ¢°. However,

6We specify the details in Appendix C.2.

"Non-preferred equity & could equivalently be interpreted as an intra-period loan from households to
banks because there is no risk between morning and afternoon.

8We use bank exit for expositional simplicity. Because there are no equity raising frictions in the afternoon
market, we could equivalently build the model with infinitely lived banks that recapitalize each afternoon.

14



they cannot short-sell during the morning market.

Government: In the afternoon of period ¢, the government purchases consumption goods
g(€4)Ys, raises lump-sum taxes 7;Y; on the household, and issues long-term bonds in the
primary asset market that repay a fraction w of the outstanding balance in consumption

goods at time t. The government’s one-period budget constraint in the afternoon is:
(w+ (1= w)gf) By < (1 — gle)Yi + ¢/ Br. (3.1)

where B; denote government bonds outstanding at ¢. In addition, the government follows

an exogenously determined fiscal rule, stipulating that taxes follow:

By -
=T+ - b) 3.2
=70 (5 (32)
where b is a “target level” of debt-to-output ratio (evaluated at par) and > 0 measures the
sensitivity of tax-to-output to deviations from the target level of outstanding debt-to-output.
In Section 4 we extend the model to consider nominal debt and inflation.

The government can also impose restrictions on banks’ portfolios after re-trading in the

secondary asset markets, modeled as a stylized minimum capital requirement:®

b1 + Gihy — (diy — dmyea) + (1 — K°)Gé, > 0 (Hb(jfi?t + ﬁh(jﬁ%) (3.3)

regulatory capital

weighted assets

where the left-hand side is regulatory capital defined as the bank’s morning net worth ad-
justed for the equity raised during settlement and (l;t, th) are post-trade holdings of govern-
ment debt and corporate debt. The regulatory parameters (o, k%, k", k¢) have the following
interpretations. o € [0, 1] is the minimum capital ratio. x° " € [0, 1] are “penalty weights”
on government and corporate debt: lower weights make an asset more favorable for regu-
latory capital purposes.’’ k¢ € [0,1] penalizes non-preferred equity as regulatory capital;
at kK = 1 it is excluded entirely. Purchasing bond j tightens the regulatory constraint via
penalty-weighted assets but relaxes it through the required equity buffer; the net regulatory
effect is K7 := 1 — k¢ — gk’ for j € {b,h}. The gap K® — K" measures the relative regulatory
privilege of government debt over corporate bonds. Although (3.3) is deliberately stylized,

its parameters map directly onto historical regulatory regimes. However, our goal is not to

9 Alternatively, we can think of this as a leverage constraint that restricts the bank’s ability to back its
deposit with long term assets.
10These can be mapped to Basel III risk weights or National Banking Era asset restrictions.
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model any specific regulatory regime in detail, but to show that regulatory parameters have

both financial and fiscal consequences.

3.2 Interbank Asset Market Equilibrium

We characterize partial equilibrium in the interbank morning market at time ¢ for a given
homogeneous bank portfolio (my_1, b1, hy—1, d;_1) of storage assets, government bonds, cor-
porate bonds, and deposits chosen in the preceding afternoon sub-period!!, a given realiza-
tion A\, and a given set of afternoon payoffs from government bonds and corporate bonds,

respectively:
ab = (w+(1—w)qf), ! ::(w+(1—w)qf).

We show how the regulatory and equity raising constraints discount the afternoon bond
payoffs to the morning and how the co-movement between the two constraint can make
government or corporate bonds a good hedge for banks in the morning market. This gives a
tractable model for connecting financial regulations, risk, and financial frictions within the

banking sector.

Bank problem in the morning: In the morning market, banks choose a new portfolio of
government bonds, corporate bonds, deposits, and non-preferred equity (Iv)t, Bt, th, ¢;) subject

to three constraints. The first is the gross withdrawal constraint:
Medi—1 < dmy_q + ) (bt—l — Et) + g (ht—l - ;Lt) + i ét, (3.4)

which states that, to finance morning deposit withdrawals, \;d;_1, the bank must use its
storage asset, sell its bonds amounting to (bt—l — Bt, hi_1— ﬁt), or raise additional funds equal

to ¢;é; from households with idle deposits. The second is the morning budget constraint:
@b+ @' he — dy — Gy < dmyy + @by + @lhey — dia, (3.5)

which states that the market value of the bank’s new portfolio is the market value of the
assets they bring into the period. The final constraint is the regulatory constraint, which

can be rewritten as an upper bound on the bank’s regulatory debt obligations:

dy + k658, < (1 — ok") by + (1 — ok") M, (3.6)

1Tn equilibrium, all banks choose the same portfolio in the each afternoon market.
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exexs

For future reference, let dy = d, + K g;e: denote the bank’s regulatory obligations equal to
the market value of long-term assets net of regulatory capital.?
In the following afternoon, banks pay their equity and deposit holders subject to the

budget constraint:
.Tte + ét -+ CZt S x?[;t -+ x?ilt - (dfét) s (37)

where U(-) is the cost of raising morning equity.
Taking initial individual portfolios (m;_1,b;_1, hy_1,d;—1), morning asset prices (q“f?, qr, cjf),

and the afternoon payoffs (a:’t’, x?) as given, banks solve the following problem each morning;:

4), (3.5), (3.6), (3.7), (3.8)
0 S vta ét; Btv ;Ltv
where W (+) is the value of the bank in the morning (where we have subsumed the dependence
on the aggregate state into the time subscript). We show in Section 3.5 that ¢f = 1 and use

this result throughout this Section.

Interbank equilibrium: is formalized in Definition 1 below. The conditions are standard,
except for the deposit market clearing condition, which needs to account for both withdrawals
and redepositing. Deposit demand falls in the morning due to withdrawals for trade and
deposits swapped for equity, partially offset by constrained households redepositing after

trade:

dy = dy_y —Ndy_y —max{§¢,, 0} +max{\d;_y — pmy_y, 0}

—_———
withdrawal equity swap redeposit

In equilibrium, the last two terms either cancel or both vanish, depending on whether the
settlement constraint (3.4) binds. The presence of redepositing makes the model fundamen-
tally different to Diamond and Dybvig (1983) where agents withdraw goods for consumption

in the morning and never redeposit back into the banking sector.

Definition 1 (Competitive Interbank Asset Market Equilibrium). Given initial homoge-

neous bank portfolios (my;_1,b;_1, hi—1,d;—1) and afternoon payouts ({E?, xf), a competitive

interbank market equilibrium is a collection of morning prices (cjf, qr, q“f) and bank choices

2From (3.5), we have dy := d; + K908 = @by + @hy — (dmu—1 + @be—1 + P hyu—1 — dy—1 + (1 — K°){C&,).
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(l;t, FLt, €, cit, xf), such that
o Taking prices as given, banks solve (3.8),

o Morning markets clear:

v

be = by_1, he = hy_1, dy = (1= N\)ds_1.

The morning market is sufficiently simple that equilibrium can be characterized in closed

form, which we do in Proposition 1.

Proposition 1. In a competitive interbank market equilibrium with k¢ < 1 and K? > 0 for

j € {b,h}, the morning prices (q°,ql) satisfy:

gt ] v - ~ - h 3.

where the amount of equity raising, €;, satisfies:
6 = max{)\tdtfl — ¢omy_1, 0}

and the Lagrange multiplier on the regulatory constraint can be expressed as a function vy =

v(T%, ") of regulatory coverage ratios (assets’ contribution toward requlatory requirement):

b._ (1- Q"{b)mgbt—l h.— (1- Q’fh)f?ht—l
t (1 +er) (dt—l + /feét) : (1+ wét)(dt—l + ﬁeét)

The requlatory constraint binds (7 > 0) iff ¢ > 0 and T? + " < 1. In this case

O KkM(-T) k(1)) Kr(1—T9) — ko (1-T0)\ " rer
V= 2ICHICH - ( 2ICHICH ) o
Proof. See Appendix C.1 H

Equation (3.9) in Proposition 1 says that the morning price of bond j is the afternoon
payoff discounted by (approximately) (1 + ¥¢&; — K7i%). The first distortion in the discount
factor, &, is the marginal cost of raising equity while the second distortion, K’ is the
marginal impact of bond j on the morning regulatory constraint.

To understand morning discounting, we start by focusing on the marginal cost of equity

raising in an environment without a binding regulatory constraint, 74 = 0. In our model,
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settlement frictions may force banks to raise costly equity in the morning, leading them
to place a premium on morning resources relative to the afternoon, when equity raising is
frictionless. This is the central friction in much of the macro-finance literature (Gertler and
Kiyotaki, 2010). In our setup, the severity of this friction depends on banks’ holdings of
maturity-matched storage assets m; ;. When storage suffices (¢m;_1 > M\d;_1) morning
markets are frictionless. Banks issue no equity (¢; = 0) and morning prices equal afternoon
payoffs (Cﬁ =z ). When storage falls short (¢m;_1 < A\ids_1), settlement constraint binds
and banks must raise equity at marginal cost . This drives morning prices below afternoon
payoffs 27 for both bonds with larger withdrawal shocks ), intensifying the downward pres-
sure on asset prices. Figure 2 illustrates this point: black lines show the ex-regulation prices

that would prevail with settlement frictions and without regulation.

Morning price of Treasury, G°(A) Morning price of AAA bond, §"(A)
(zero storage) (zero storage)
1.0 1 1.0 Sg-===-==--eeeeemmeeememcmeme e ————-
0.8 A 0.8 A
0.6 1 0.6 4
0.4 1— T T T T T 0.4-1— T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
A A
Morning price of Treasury, G°(A) Morning price of AAA bond, §(A)
(non-zero storage) (non-zero storage)
1.0 - Y et e e D 1.0 —————————————————— - mmm e m e
0.8 1 0.8 1
——- Frictionless price (x2(A))
0.6 1 Unconstrained price (without regulation) 0.6 1
Regulatory privilege (K? > k")
0.4+ T T T T T 0.4 -+— T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
A A

Figure 2: Morning Asset Prices With Regulatory Privilege

Black lines show the unconstrained prices, i.e., the price that would prevail without regulation. The teal
lines show the morning market asset prices in an environment with regulations that privilege government
debt. We used b=3.0, h=3.5,d=3.7,¢% =5, K’ =1, K" = 0.19.

Now consider regulation. The regulatory constraint (3.6) binds when the total regulatory
coverage ratio I'> + I'? falls below one. This creates an additional wedge 7, > 0 between
morning and afternoon valuations, but with an opposite effect than equity frictions. Two

forces determine the equilibrium value of 7: scarcity and privilege. Scarcity operates through
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the regulatory coverage ratios I'V. When withdrawals spike, equity & increases, depressing
prices, eroding the regulatory coverage ratios and tightening the regulatory constraint. This
mechanism ties é; and 7, together: bad states feature both high withdrawal pressure and
tight regulatory constraints. Privilege enters through the gap K’ — K. When government
debt is privileged, regulation tilts morning asset demand toward Treasuries.

We summarize key comparative statics in Corollary 1:

Corollary 1. The regulatory wedge 1, satisfies (see Appendiz D.1):

(i) g’;} < 0: More regulatory coverage lowers regulatory tightness.
t

o

(i7) g’; > 0: Fquity issuance and requlatory tightness move together.

(iii) 2% < 0: Storage mitigates both settlement and requlatory frictions.

Omg—1

The relative morning price satisfies:

qr xy b h
G (P (14 (K=K 17,5). (3.10)
qr (%’?) ( ( )

When government debt is privileged (K* > K"), a tighter regulatory constraint raises the

relative morning price of government debt.

Corollary 1 delivers a key insight: regulatory privilege creates a hedge, i.e., state-dependent
“captive demand”, whereby periods of high withdrawals force equity issuance, which tilts
interbank demand toward government debt. In effect, regulatory privilege exploits morning
interbank market frictions to create a “safe asset” whose price appreciates precisely when
banks need liquidity most. Figure 2 illustrates this point: teal lines show actual morn-
ing prices when government debt receives regulatory privilege (K® > K"*). Government bond
prices (left panel) appreciates as withdrawal A increases. Corporate bond prices (right panel)
fall below their afternoon payoff.

Storage plays a dual role. It relieves settlement pressure directly by reducing equity
issuance &. It also relaxes regulatory constraints by improving coverage ratios IV for j €
{b, h}. Both effects lower 7, moderating the regulatory wedge. The bottom panels in Figure
2 illustrate the equilibrium price effects of bringing more storage asset into the morning
market. The black lines are uniformly higher, the teal lines are uniformly lower than in
the case with no storage asset (top panels). Clearly, holding more storage asset reduces the

severity of morning interbank market frictions.
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3.3 Bank Portfolio Choice and Inelastic Treasury Demand

Subsection 3.2 characterized the morning interbank market equilibrium for a given bank
portfolio chosen the previous afternoon. We now turn to the bank’s afternoon problem to
determine that portfolio. We show that the morning equilibrium provides a micro-foundation
for the non-pecuniary Treasury demand that appears in workhorse macro-finance models.
This is ultimately what will generate a general equilibrium funding advantage for the gov-
ernment.

In the afternoon of period ¢, after production and dividend payouts, banks choose portfo-
lios (my, by, hy, d;) of storage asset, government bonds, corporate bonds, and deposits. Taking
prices and the household’s one-period stochastic discount factor, & 11, as given, the repre-

sentative bank solves:

max B |& 1 Wigr (my, by, by, dy) +Q§ldt mt_qtbt Q?ht
my,be,he,di (311)

s.t. 0 S my, bt, ht, dt

The first order conditions for the portfolio choice in the afternoon market are (dropping the
short selling constraints for (b;, hy, d;) which don’t bind):

[my] - 1> E ft t+1(1 + ¢€t+1> (1 + lieﬁtﬂ) o =:q" = if my>0
[b4] - ¢ =E ft t+1 (1 + ¢€t+1) (1 + Keljt+1)qui)+1:| (3.12)
[ha] : q =E, ft t+1 (1 + ¢€t+1) (1 + K 17t+1)6jf+1 (3.13)
14 Aeprvpe
: d_ 27 A1 YEL _ _ )y
[dy] : ¢ =K ft t+1(1 + é t+1)< 1+ b, + (1 Ar1(l—k ))Vt_H) (3.14)

where we used the Envelope conditions. We define ¢ as the shadow value of storage in the
afternoon of period t: if this value falls below the price of one, the bank sets m; = 0. other-
wise ¢ = 1. Equations (3.12), and (3.13) are standard portfolio Euler equations augmented
with the wedges (€41, 1) which capture how interbank-market frictions distort the bank’s
portfolio allocation. Equation (3.14) equates the deposit price to the risk-weighted average

marginal cost of servicing a unit of deposits across the morning and afternoon.

The elasticity matrix: To build intuition for the bank’s afternoon portfolio problem, we
characterize the bank’s asset demand functions conditional on beliefs about the law of motion

of aggregate states through the matrix of log-price elasticities:

Proposition 2. The bank’s afternoon portfolio choices can be characterized by total price
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derivatives, defined by partial elasticities between the vectors of log-prices and asset demands:

dlogg; My Mn Mha M|  dlogbe
dlog g _ Ny Nt e M| | dloghy
dlogqtd T}gb T}gh 'r]gd ngm dlog d;
dlog q;" N Men Tha Mo \dlogmy

where for the two bonds j € {b,h} and assets i € {b, h,d, m} we have (see Appendiz D.1):

f Jlog Tt (lf.glij) x§+1
tt+1 " glogi (1-K7ve41)? ¢

= —FE
e V(P (Q =Th) — K(1 — i)+ KPKPTE Ty
with
My <0 1y <0 10, <0 my>0 5y <0 58 <0 7, <0 7y >0
Proof. See Appendix D.1 m

Each elasticity 7#@ factors into three components: a common denominator term capturing
the overall tightness of the morning regulatory constraint, a bond-specific term (in parenthe-
ses) reflecting asset j’s regulatory weight and pecuniary return, and the sensitivity of total
regulatory coverage ratio I';;; to holdings of asset ¢. Signs follow directly. In particular,
own-price elasticities are negative, indicating downward-sloping asset demands. Evidently,
the elasticities are non-linear functions of regulatory parameters as well as the co-movement
between the household SDF, &, .1, asset returns x{ 1/ ¢/ and the tightness of the regulatory
constraint through the regulatory coverage ratios. The model’s structure for 7 is sufficiently
flexible to match the log-price elasticities identified in the applied-micro and financial-10

literatures using exogenous variation in bond supply.

Pecuniary vs Non-pecuniary returns: Substituting the morning equilibrium prices from

Proposition 1 into the government bond Euler equation gives:

v

b b b b t+1

q; = E; {€t7t+1$t+1] + (1 — Ok )Et ft,t+1$t+17bu
—_— 1-K Vi1
pecuniary benefit

—_.b ;
=:w; non-pecuniary benefit

The first term is the bond’s “fundamental value”. The second, v?, is what the banks are
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willing to pay above fundamental value: it is the morning regulatory wedge 7;,; translated
into afternoon dollars. Corporate bonds carry an analogous premium v/ determined by their
regulatory weight. To measure the substitutability of government and corporate bonds, we
study how relative demand (¢2b;)/(gl*h;) responds to changes in a relative price—but not

just any price. From the bond Euler equation, the convenience yield on asset j is:

cyi =1-E {ft,tﬂﬂ?gﬂ} /qg j € {b,h}

the share of ¢* unexplained by discounted cash-flows—equivalently, the portion of the price
attributable to non-pecuniary benefits. In a frictionless environment v? = ¢y = v =
cyl = 0, the two bonds are perfect substitutes and their prices are pinned down entirely by
fundamentals.

When the two bonds carry different non-pecuniary benefits, they become imperfect sub-
stitutes. To measure this, we ask how readily one bond can be swapped for the other in the
bank portfolio as the relative (shadow) price of their non-pecuniary benefits changes, holding
bank shareholder value fixed and taking other asset prices as given.Proposition 3 gives the

resulting elasticity of substitution between b, and h;:

Proposition 3. The elasticity of substitution between b, and h; is

o\ . Olog((qrbe)/ (g )
on(.7") = - dlog(cy? /eyl

(¢¢=7°,q¢=q%q"=1)

yielding the point-by-point decomposition.:
log((qfbr)/(a'he)) = (T 7") + 04 (7, 7°) log eyt /eu)

where (; is the “demand shifter”, i.e., the o,-implied relative demand that would prevail under

equal non-pecuniary benefits (V> = vl'). The elasticity takes the form:

E,

é 0 (1-rb0) xlz)+1_ (1-rho) oty
EAHIREHL \ (T-KP011)? ) (1=Krt1)? g

b h
Q l—cy} (1-rbg) @y l-cyp (1-rhg) =i
£t1t+1 t,t+1

Oy = —

E,

cy? (1-KbUi1)? b cyp (1-Khigi1)? gh

where

OlogT'yy1 i
(Zz’e{b,h,d,m} dlogi DL

Qt,t-i—l = 5
\/ (KM = Thyy) = KP(1 = Thy)) " + KK T
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with ng =1 and

Bl Mn Mm 4|l |7
By | == | Nim Mia Nib
@Cfb 77td,h nf,m 77td,d 77?,5
Proof. See Appendix D.2 n

The elasticity of substitution o; and the demand shifter (; are not deep parameters—they
vary with the regulatory environment. This dependence comes from two sources: regulatory
scarcity, 1/E;[[;41], which measures how tightly the regulatory constraint binds on average,
and regulatory privilege, K® — K", which measures the gap in regulatory treatment between
government and corporate bonds. Indeed, the latter is the very source of imperfect sub-
stitutability: were the two assets treated identically by the regulator, no wedge between
their convenience yields would arise and they would be perfect substitutes. Figure 3 plots
oy against both dimensions and delivers a clear message: the tighter the regulation or the
wider the regulatory privilege of government bonds, the less substitutable the two assets
become. Substitutability is thus endogenous to policy—each turn of the regulatory screw
makes government and corporate bonds harder to swap, amplifying the price impact of any
shock that shifts their relative supply.

Proposition 3 provides a micro-foundation for the elasticity of substitution—and show it
is anything but constant. Substitutability moves with the regulatory environment, echoing
the policy-sensitivity we documented in Section 2. This stands in sharp contrast to a large
macro-finance literature (Krishnamurthy and Vissing-Jorgensen, 2012; Nagel, 2016) that
models imperfect substitutability between government and corporate bonds via a bond-in-
utility (BIU) specification with constant elasticity of substitution (CES). By hard-wiring o
as a preference parameter, this approach assumes away the inherent policy-dependence: the
funding advantage of government bonds becomes invariant to the regulatory regime, leading
to misguided conclusions about the equilibrium behavior of funding advantage. We return

to this point in Section 5.

3.4 General Equilibrium

Sections 3.2 and 3.3 solved for the interbank market equilibrium and the bank’s portfolio
choice problem, taking the household stochastic discount factor, deposit demand, and cor-
porate bond supply as given. We now close the model by characterizing general equilibrium

across the morning and afternoon markets, which lets us trace how the household and firm
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Figure 3: Elasticity of substitution
sectors interact with banks.

Household problem: At the start of the afternoon sub-period, a household has unspent
wealth a;, input goods [; and tax obligations 7;Y;. The household’s budget constraint in the

afternoon sub-period at time t is:
¢+ qid + gien + gy < ag +wily — 1Y, (3.15)

where ¢; denotes goods consumed by the household in the afternoon sub-period, w; is the
afternoon price of the input good, [; is the amount of input good produced by the household
in the morning and stored between the morning and afternoon, and (d;, e;,n;) denote the
new portfolio of bank deposits, bank and firm equity, respectively, and 7; denotes the tax-
to-output ratio in the afternoon sub-period.

In the following morning sub-period, the new exogenous aggregate states ;1 and the
households’ idiosyncratic shock for their morning trading needs are realized with probability
At+1 = A(€4+1). Unconstrained households (indexed by u) that can self-produce choose their

own labor effort ZJH_Lu and potentially contribute preferred equity ¢€;,; that is repaid in the
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afternoon. Constrained households (indexed by c¢) that need to purchase inputs choose how
much labor to sell to the market Zt—',—l and how much labor to purchase from the market lth,c

subject to the deposit in advance constraint:
Wealipre < dy (3.16)

So a household of type j € {u, c} enter the afternoon sub-period with input goods ZUHLJ- and

financial wealth:
rpry = dy — D1 g + 5 e+ (@) + 47 )ne (3.17)

where At—l,j is the financial profit of a type j household in the morning. Specifically,
At+1,u = —(;€1+1 + €141 for unconstrained households and At+1,c = _wt+1it+17c + /Uu)t_ll_lgt_t'_l
for constrained households. In equilibrium, we will have Atﬂ,u = At+1,c =0.

Let Vi(a,l) denote the value of the household with unspent wealth a and input goods I
at the start of the afternoon (where the dependence on aggregate state variables has been
subsumed into the ¢ subscript). Then, taking the prices as given, the value function V()

satisfies the Bellman equation (3.18) below:

Vi(a,l) = {(ZC Zglzflf)i {U(Ct) + SE, {)\t—&-l(_gt—&—l,c gt—l—l,c + Vitr(arg1.e, lite))
s0750,€) 41,
(C7e7d7n)t

y (3.18)
+ (1 — XNs1) (= CGt1u litru + Vier (@410, lt+1,u):| }

st.  (3.15),(3.16), (3.17)

For the morning choices, we set (4, = (fyy + Wi1jif,, which equates l;41, and l;4q,. and
thereby permits aggregation across households. We also have that ¢ = 1. Imposing these
morning choices and applying the envelope theorem, the first-order conditions for the after-

noon choices yield:

[dy] : qf = K¢ | &1 (1 + )\t+1zt+1>
[et] : q; = Es ft,t+1$f+1
[”t] : q; = Es ft,t+1$?+1
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where the stochastic discount factor (SDF) and the “liquidity wedge” are defined by:

acU(CtH)
doulcy) ’

vd
Vi1

doulcy)

Liyy =

ft,t+1 =p

The liquidity wedge, lultﬂ, appears because demand deposits provide liquidity services to the
households by allowing them to insure trading shocks in the morning sub-period. The pres-
ence of this asset-specific wedge implies that households are willing to hold demand deposits

at a discount.

Firm problem: Taking prices and the household’s SDF as given, a representative firm entering

the afternoon with (k, h) solves:

Vi (k.h) = max {z(st)kaz,}a —widy + gl — ke — @ hot

Fg (1= O+ B [ Vit h)] | 319

s.t. ht < Qq kt

The first order conditions are:

[L:] - = (1 — a)z(e) k"
[Ke] k (1 - 0%) [ft t+1$t+1}
[he] : gt (1 ) [& t+1xt+1}

where ul is the Lagrange multiplier on the collateral constraint and the afternoon payoff

from firm equity is
zp = ay,/k + (1 - 8)q;

In equilibrium, the multiplier p? is linked to the banking frictions. Greater regulatory
privilege on corporate debt leads to a higher u!. We can also see that p? > 0 leads to a
distortion in capital choice (capital price is above “fundamental value”) because capital is
needed to issue bonds when the collateral constraint binds.

We can now set up a competitive equilibrium. Given a fiscal rule (3.2) and bond price

process (¢°)¢>0, a budget-feasible government issuance rule (By);>o satisfies (3.1).

Definition 2 (Budget-feasible Competitive Equilibrium). For given regulation parameters

(0, k¢, K°, k"), and a budget-feasible government policy processes (73, gs, By),, & competitive
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equilibrium is a collection of functions for price processes (qf, a, q qt qF, G, @, e, wt)m,
payoffs (zf, 7}") ., household policies (dt,h, e My, o Uy, lvt,c, lvt,u, it,h) . firm policies (K, Iy, f, bt f)

> t>07
and bank policies (l;t, ;Lt, €, dy, hy, by, my, x§>t>0 such that

» Taking prices as given, households solve (3.18), banks solve (3.11), and firms solve
(C.21),

o The morning interbank market (Ejf, Qe by, ét) variables satisfy the morning market

equilibrium (Definition 1) and the morning labor market clears: lutjc =/,

o The afternoon input good, capital, and goods markets clear:
My, f = My, i =k — (1= 0)k_1, e+ +my + g =y — Yy,
and afternoon asset markets clear:

dip = dy, e =1, =1, b = By, hiy = hy.

3.5 Equilibrium Government Funding Advantage

We now return to the government’s funding advantage, defined as the yield spread between
government and corporate bonds—neither of which carries default risk in our model. Because
the two securities deliver identical cash-flow streams (the same w), any observed spread
must reflect the non-pecuniary benefits arising from their differential regulatory treatment.

Formally, we define the government funding advantage as:

xe = — wlog(q)') — (—wlog(q)))

= wlog (Et lft,tﬂ (1 + wét+1> (1 + Heljurl) Z:gtéﬁ&)
i+
—wlog (Et [ft,tﬂ (1 + ¢ét+1) (1 + ﬁeﬁtﬂ)iﬁlﬂ} ) (3.20)

where we have expanded the terms using the bank first order conditions. We interpret
x: as the model counterpart to our empirical measure of government funding advantage
from Section 2.1. Our Yy, is also approximately equal to the relative convenience yield we
used in Subsection 3.3 when computing elasticities, log(cy?/cyl) = (1 — Ey[&pp1(w + (1 —
W)ags1)]/a0) /(1 = Eel€rpa(w + (1 — w)gfr)l/ar)-

In our model, government funding advantage arises from the special role that government

debt plays in the financial sector in the morning market. We can see this by expanding (3.20)
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to get the approximate expression:

o 5 [y “h o o
X: ~ wlog (Et lq?ﬂD + wCovy (ft’tﬂ(l i ¢€t+1> (1 t K ’/t+1>qt+1 Qfﬂ/ th+1 )

“h h ) v v
dit Gt By |/ |

hedging motive

forced holdings

So, the government’s funding advantage arises from the average appreciation of government
debt in the next period’s morning markets and the covariance between government debt
appreciation and the bank’s marginal valuation of additional resources. By introducing reg-
ulation that ensures that re-trading government debt is valuable in bad times, the government
introduces a positive covariance and so introduces a government borrowing cost advantage.
That is, regulation makes government debt a particularly “good-hedge” for mitigating the

banking sector’s frictions in the morning market and so earns a premium.

1.00 { == Funding advantage (y)
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Figure 4: Decomposition of funding advantage as a function of regulatory privilege.

We used b=3.0, h=3.5,d=3.7,¢ =5.

Self-confirming requlatory “risk weights”: Figure 4 illustrates the government funding advantage—
along with its two primary components—relative to the regulatory privilege of Treasurys.
We can see that regulation can dictate which asset becomes a good hedge against the bank-

ing sector’s settlement risks. In this sense, there is self-confirming nature of regulatory “risk
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weights”. Specifically, when corporate debt holds the regulatory advantage (K° — K" < 0),
the covariance term is negative, meaning government debt prices are low precisely when
banks need them to be high. Conversely, when government debt is privileged (K° — K" > 0),
the covariance term turns positive (government debt becomes a good hedge), contributing a

non-trivial increase in the government funding advantage.

3.6 Asset Scarcity and Government Funding Advantage

We close this section by showing that our model is sufficiently flexible to generate patterns
resembling those in the data from Section 2. Figure 5 presents scatter plots correlating the
funding advantage with debt-to-GDP ratios across various policy combinations. Evidently,
both regulations and fiscal rules influence the government funding advantage. For a fixed
debt-to-GDP target (left two and right two clusters), increasing regulatory privilege, (K° —
KCh) 1, raises both the average funding advantage and its sensitivity (slope) to the debt-to-
GDP ratio. Conversely, for a given level of regulatory privilege (top two and bottom two
clusters), higher debt-to-GDP targets result in a lower average funding advantage and a
flatter slope. This highlights that the “safe-asset” curve that has frequently been targeted

by macro-finance modeling is ultimately policy variant.

4 Inflation Risk and Funding Advantage

Section 3 showed how financial regulation generates a government funding advantage by
turning government debt into the banking sector’s “safe asset” for hedging risk. But this
advantage does not exist in a vacuum—it interacts with monetary-fiscal policy and the
government budget constraint. We now consider devaluation risk: a stagflation scenario in
which high inflation strikes in bad states of the word. This policy regime flips the sign of
regulation’s support for government debt. The regulatory privilege K? — K" still pushes
banks toward Treasuries in the morning for regulatory reasons, but inflation now turns those
holdings into losses precisely when banks can least afford them. Banks respond by raising
equity and exiting the deposit market, and the morning hedging demand that once propped
up government bond prices in bad states evaporates.

The afternoon bank portfolio problem is affected by this loss of a “safe asset”. Banks now
need to manage settlement risk and inflation risk simultaneously, and the cleanest way to
mitigate them is to hold more of the storage asset and sidestep the regulated sector altogether.
The banking sector contracts, the captive market shrinks, and as regulation’s grip on relative

bond demand loosens, government and corporate bonds become more substitutable—the
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Figure 5: Funding advantage vs debt-to-GDP under different policy mixes.

Different colors represent different policy mixes: blue cluster (bottom right) shows the baseline with
regulatory privilege K® — K" = 0.6 and debt-to-GDP target b = 0.85; green cluster (bottom left) shows
regulatory privilege K? — K" = 0.6 and a lower debt-to-GDP target of b = 0.75; yellow cluster (top right)
shows higher regulatory privilege K* — K" = 0.66 and debt-to-GDP target of b = 0.85; orange cluster (top
left) shows higher regulatory privilege K* — K = 0.65 and lower debt-to-GDP target b = 0.75 than the
baseline.

special status of Treasuries fades. The result is a contraction on both margins: less deposit
creation overall (extensive) and less government debt used to back what remains (intensive).

The government’s funding advantage is therefore fragile. Inflation risk makes the banking
sector substitute away from the very debt regulation was meant to privilege. Ultimately, the
government faces a domestic financing trilemma: it cannot simultaneously sustain (i) a
high funding advantage, (ii) a stable financial sector, and (iii) a monetary-fiscal regime that

destabilizes Treasury prices through inflation.

4.1 Environment Changes

The setup is as in Section 3.1 but we introduce nominal debt and inflation risk.
Government: We now assume that the government issues money and that government bonds,
corporate bonds, and deposits pay in units of money in the afternoon. We impose that the

government chooses supply so that gross inflation 1 + 7(e;) is a lognormal random variable

with mean one, standard deviation o,, and is negatively correlated with output growth. We
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refer to this shock as inflation risk or devaluation risk. We follow Woodford and Walsh
(2005) and take the cashless limit so that money quantities do not affect the equilibrium.®
We continue to use morning and afternoon goods as the numeraire. The government’s one-

period real budget constraint in the afternoon now becomes:

B, 4B,
(C' ( (‘”)Qt (1 (Et))jrt > Tt g<€t) }/;

and the politically determined fiscal rule becomes:

Bi1 -
Ti=T+nN|———>—b]|.
e ((1 (e, )
where B, denotes the total real principle promised. So, we can see that the inflation of the

nominal government debt appears like a haircut on the real value of government debt.

Asset pricing: The real afternoon payoffs of government and corporate bonds become:

x] =

Ty ) e, v @

Otherwise, the equilibrium asset pricing conditions remain the same.

4.2 Inflation Risk and Government Funding Advantage

Figure 6 plots the morning price of Treasuries, the morning price of corporate bonds, and
the funding advantage as a function of inflation risk. The black lines show the economy with
regulatory privilege but without debt devaluation through inflation while the teal line shows
the economy with stagflation risk. Evidently, the introduction of inflation risk changes both
the forced holding and hedging components of xy. The introduction of inflation risk turns
Treasuries into assets that devalue during bad times and so reverses the sign of the hedging
motive. At the same time, holding Treasuries to satisfy regulatory constraint leads to losses,
which imply more costly equity raising in the morning, the forced holding component of the
funding advantage also reduces. As a result, higher values of o, end up leading to a lower
value of y.

To understand how the introduction of inflation risk changes the role of government

debt in the financial sector, we can return to the characterization of the interbank market.

13There is a large literature pointing out the issues with taking a cashless limit (e.g. see Lagos (2024)).
We abstract from these issues to focus on long-term debt pricing rather than monetary economics.
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Figure 6: Morning Asset Prices With and Without Debt Devaluation.

Black lines shows the morning market prices in an environment with regulatory privilege without debt
devaluation through inflation. Green lines show the morning market prices for an economy with regulatory
privilege and inflation. Dashed lines show the afternoon payoff. The final subplot decomposes the funding
advantage x.

Revisiting the expression for the relative price ratio in the morning market, (3.10), we can
see that the direct impact of 7(g;) on payouts from equation (4.1) does not show up in the
funding advantage because both government and corporate bonds are nominal so the direct
impact of inflation is differenced out. Instead, higher inflation risk changes the magnitude
and sign of ».

Conceptually, the combination of regulatory privilege and government devaluation through
inflation leads to these outcomes because the combination puts the banking sector in a dif-
ficult position. If banks don’t purchase government debt in the morning market, then they
violate the regulatory constraint. However, if they purchase government debt, then the gov-
ernment’s monetary-fiscal policy devalues their debt in the afternoon and forces losses onto
the equity holders. The banks respond to this lose-lose situation by effectively “exiting”
the deposit market (i.e. inflation activates the “extensive margin” to push banks out of the
market).

Taken together, our results show that our model gives the government both the strength
to create a funding advantage but also makes the funding advantage fragile and sensitive to
monetary-fiscal policy—the government must supports the longer term value of government

debt in order to keep its funding advantage.

Comparison to other risk premia: To understand these results, it is helpful to distin-

guish between our funding advantage and other spreads. We can decompose the difference
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between the household required rate of return and the treasury yield as:

—wlog(E¢[&,¢41]) — (—w log(gy)) (4.2)
L+ KD\ L+ KU1\ 4
= wlog (Et |Ft,t+1 (1—/@%) Ty | | —wlog | Er | &1 Tbﬁt“ Lit1
Government funding advantage =: x:

1 + /ﬁeljt_i_l
+ wlog (Et [&H (1—)@%) SC?HD — wlog (Et |:’St7t+1x?+1:|)

Market “segmentation” premium

+ wlog (Et [§t+1$?+1]) — wlog(E¢[&r141])

Standard risk premium (using the household SDF)

The first component is the government funding advantage compared to corporate bonds, both
of which are traded by the financial sector in the morning market (expressed by substituting
in the morning market price formulas). The second component is the difference between the
banking sector’s valuation of the corporate bond (which they can use to trade in the morning
market) and the household’s valuation of the same bond (which they cannot use to trade in
the morning market). This can be interpreted as the wedge from the market segmentation
that prevents households from directly trading with bonds in the morning market and the
different discount rate faced by the banking sector. It this sense, it could be interpreted as
a type of common liquidity premium on government bonds. The final component is the risk
premium on government debt, as valued by the households in the economy.

The decomposition in equation (4.2) highlights that our funding advantage is not a stan-
dard risk premium and so the reason why inflation affected the funding advantage is not
because an inflation risk premium arises. Both government and corporate bonds are nominal
and so the inflation risk premium (and other parts of the standard risk premium) difference

out when we compare them.

4.3 A Domestic Financing Trilemma

We close this section by bringing our results together and returning to the feasible policy
combinations of the government. We focus on two government policy parameters: the degree
of regulatory privilege for government debt (K — K") and inflation volatility (o). Figure
7 shows two equilibrium variables as these variables are changed: the frequency of forced
equity raising (or bank default) (on the LHS) and the government funding advantage, x, (on
the RHS). The x-axis show o, and the y-axis shows K° — K. The ergodic mean magnitudes

of the morning equity raised and the funding advantage are indicated by a heat map. Evi-
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dently, increasing financial repression can increase the private-public borrowing cost spread.
However, when accompanied by a devaluation of US debt, increasing financial repression also
leads to higher distress in the financial sector. As discussed, this is because banks are being
forced to hold debt with a negative return and so they start to force losses onto depositors

and exit the deposit market.
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Figure 7: Government Financing Trade-offs

The left subplot shows a heat map with level of government bond regulatory privilege on the y-axis, the
inflation volatility on the x-axis, and average forced equity raising (or default) in the financial sector as the
color. The right subplot shows a heat map with the same x and y-axes but with the private-public
borrowing cost spread as the color.

We summarize these observations as a stylized “trilemma” for the government. In our

model, by varying K’ — K" and o, the government cannot choose all three of:
1. High government funding advantage (a high ),

2. A well-functioning, profitable, and stable financial sector (low costly equity raising or
default, ¢"), and

3. Monetary-fiscal policy that generates high inflation risk (a high o).

Intuitively, this Trilemma says that when a government uses the financial sector to gener-
ate funding advantage, then it intertwines the balances sheets of the banking sector and the
government, which constrains the range of feasible government policies. If the government
sets a high K’ — K" (choosing part 1 of the trilemma), then it either needs to run monetary-

fiscal policy that targets bond price stability (giving up part 3 of the trilemma) or it will
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put the financial sector into distress (giving up part 2 of the trilemma). In this sense, our
model of endogenous funding advantage both gives the government more freedom to expand
funding advantage but also highlights that this freedom rests on a stable monetary-fiscal
environment.

This trilemma can also be interpreted as introducing a notion of financial dominance to
complement existing notions of fiscal and monetary dominance. There are many macroe-
conomic theories and models of monetary-fiscal interactions (e.g. Keynes (1924), Friedman
(1995), Hansen (1949), Tobin (1969), Sargent and Wallace (1981), Wallace (1981), Aiyagari
and Gertler (1985), Leeper (1991), Sims (1994), Woodford (1994), Cochrane (2023)). This
papers often present a type of dichotomy between monetary dominance on the one hand and
fiscal dominance on the other hand. In the former case, monetary policy is actively chosen
by the government and fiscal policy has to accommodate to deliver the desired nominal in-
terest rate path. In the later case, fiscal policy is chosen by the government and monetary
policy accommodates to deliver the required monetary policy. However, very few of these
papers consider the role of the financial sector in assessing government debt sustainability
even though historically much US federal debt has been held by financial intermediaries.
Our trilemma suggests that introducing a financial sector leads to the possibility of financial
dominance. If the government chooses a high funding advantage and a stable financial sector,
then it must run combined monetary-fiscal policy that stabilizes long-term debt prices and

protects the balance sheet of the financial sector.

5 Revisiting Funding Advantage in the 1970s

In this section, we revisit the 1970s-80s in the United States, which is one of the periods in US
history with the highest inflation volatility and lowest government funding advantage. We
use this historical episode to highlight how our model explains the loss of funding advantage
during this period. We contrast this to other models (namely bond-in-the-utility and bond-
in-advance), which give the counterfactual prediction that a higher inflation volatility should

coincide with higher funding advantage.

5.1 An Episode of High Inflation

Figure 8 depicts our historical estimates (from Lehner et al. (2025)) for the ratio of the
market value of government debt to GDP, the 15 year government advantage, and the co-

movement between Treasury returns and stock returns (which we compute as the bond-stock
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beta) during the the period from 1971 to 1980.1 As we have discussed in previous work,
this is one of the periods in US history with the highest inflation volatility and strongest
negative correlation between inflation and output growth (e.g. see Payne et al. (2023D)).
Figure 13 in Appendix B summarizes the key results and show that the only period since
1790 with higher inflation volatility is the Civil War.

During 1971 to 1980, the bond-stock beta goes from approximately zero to approximately
0.8 during the early 1980s. This is the largest increase in our overall sample from 1860-2025.
We interpret the bond-stock beta as a data counterpart to the hedging role of Treasuries in
our model, with a positive § indicating that government debt is a poor hedge and a negative
beta indicating that government debt is a good hedge. So, this indicates holding treasuries
provided almost no hedge against aggregate risk during this period. The increase in the
bond-stock beta corresponds to a sustained decline in the funding spread even though the
Debt-to-GDP ratio moves very little during the period. This means that 1970s-80s are a key
period during which there are large changes in US government funding advantage that are

not associated with changes to the market value of debt.
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Figure 8: Sub-period From 1971 to 1990.

14Technically, the bond-stock “beta” is the coefficient when excess holding returns are regressed against
excess stock returns (which we refer to as the bond-stock beta). Formally, for each maturity j, we regress
the monthly excess holding return rzglll = log(qg—ll) - log(qt(] )) —r; against the monthly percentage change
in the GFD historical total return index on US equities.
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5.2 Interpretation Through Our Model

At a stylized level, we can interpret the 1970s-80s through the lens of our results in Section 4.
During this period, the US government ran systematically high and volatile inflation leading
to the real devaluation of US debt. According to the trilemma, this meant the government
had to choose between maintaining its funding advantage by forcing the financial sector
to hold more government debt and maintaining financial stability by allowing the financial
sector to substitute away from government debt at the expense of the government’s funding
advantage. So our model interprets Figure 8 as the government losing its funding advantage
from 1975 to 1985 rather than forcing losses onto the banking sector. Indeed, if we look at
evidence on banking sector government debt holdings, we see that the balance sheet of the
banking sector went from being approximately 90% treasuries and reserves during World
War I to approximately 20% treasuries in the 1980 (see Chari, Dovis and Kehoe (2020)).

5.3 Interpretation Through Bond-in-Utility and Bond-in-Advance

When presented through our model and the data, it may seem natural that the government
lost its funding advantage during the 1970s when inflation volatility emergence and holding
government debt become more risky. However, many other commonly used models end
up generating the opposite prediction. We explore this in two commonly used models of
government funding advantage and convenience yields: bond-in-utility (BIU) and bond-in-
advance (BIA).

5.3.1 Bond-in-Utility (BIU)

Environment: We remove the morning market, regulatory constraints, and banking sector
and instead follow Krishnamurthy and Vissing-Jorgensen (2012) and Nagel (2016) by in-
troducing a household utility benefit of holding government debt and corporate bonds in
the afternoon market. Formally, suppose that now the representative household seeks to

maximize the objective:

Eo [i gt (U(Ct) — Gl + o log(Bt))]

where u(-) = log(-), By = ((1 — A\)(g?b:)? + \e(qhy)?)V/* is the composite bond index, and ),

is a potentially stochastic weight.

Household optimization problem: The household Bellman equation for a household entering
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period t with wealth a becomes:

Vi(a) =  max {U(Ct) - C_tlt + zlog ((1 - S‘t)(bet)p + S\t(q?h‘t)p) + BES[W+1(at+1>]}

ct,lt,bt,he,me
st. ¢+ Q}t)bt + tht +qiny < a—wily — 1Y,

b h n
i1 = xt—&-lbt + $t+1ht + Ty q M,

Taking FOCs and imposing the envelope theorem 0,V;(a) = u/(c) leads to the conditions:

! _ (w—+(1- W)qzlt)ﬂ) u'(cir1) B a(l — )\t)(qut)/)—l
u'(ct) <1 BE, [ ar () ]) (1= M) (ghby)P 4 Ae)(glhy)?
/ - (w+ (1= w)gip) wlen) | _ al(gfhe)’ !
u'(cy) (1 BE; [ qr u'(c) D (1= M) (gPb)? + Mlglhy)e

Government funding advantage: After rearranging the FOCs and imposing equilibrium, we

get:

(¢ a  (1=X)(gbbe)Pt
w+ (1 —w)gh, )l -2 :
ol S (1 ot
(w+ (1 1

h )u’(CtH) o Algfhyr?
u’(ct) u(ct) Bf

There are two special cases that have been much studied in the literature:

1. Special case: w = 1: For short term bonds, the first term drops out and so the funding

advantage becomes the relative non-pecuniary benefit:

a  (1=X)(grb)P ! _ _
Xt = log L i 5} ~ 2 (1= Xe)(grbe)?~" = Ai(gfhe)!
t 1— e M w(c) 5
u(ct) B

2. Special case: w =1, \y =0, and ¢; = y;: In this case, we recover one of the expressions
that motivated the regressions in the original Krishnamurthy and Vissing-Jorgensen
(2012) paper:

o «
x: =log(1— > R 5.1
' ( ngt/yt ngt/yt ( )

These special cases show that, for one-period bonds, the BIU model has the particularly stark
prediction that government policies only impact the funding advantage by changing ¢®b rather
than changing the elasticity parameters. For long-term bonds, this is only approximately

true. As discussed in Section 3.3, relative to the BIU formulation, our model endogenizes
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how the shifter and elasticity parameters in the BIU functional form relate to the government

financial policy parameters and their monetary-fiscal rule.

5.3.2 Bond-in-Advance (BIA)

Environment: We remove the banking sector and instead follow Svensson (1985) and Lu-
cas Jr and Stokey (1985) and introduce a “bond-in-advance constraint” that households
must use money or bonds to trade for consumption goods in the morning market and then
can only trade financial assets in the afternoon market. For tractability, we consider an
endowment economy where a “firm” operates a Lucas tree that produces Y; each period.
The firm issues equity and bonds (V;, H;) to households in a frictionless competitive mar-
ket. The government issues money and government bonds (M;, B;) and raises taxes. We
restrict attention to one-period nominal bonds purchased in the afternoon of period t, usable
as payment instruments in the morning of period t+1, and redeemed for one dollar in the

afternoon of period t+1. The process for money and government bonds (M, B;) is

Household Problem: At the start of the afternoon sub-period, suppose the family has unspent
nominal wealth a;. The household’s budget constraint in the afternoon sub-period at time ¢

is:
i + Ptdbt + Pthht + Pt"nt S Q¢ + (1 — Tt)}/;f (52)

where Ptj is the nominal afternoon price of asset j, and (my, b, hy, n;) denote the household
portfolio of money, government bonds, corporate bonds, and firm equity, respectively.

In the following morning sub-period, the households need to purchase consumption goods
using a bond index By = ((1 — Aey1) (b)) + 5\t+1(ht)p>1/p where A\, is potentially stochas-

tic. Formally, we have:
Py <my+ aBiy =: i (5.3)

where ]5t+1 is morning price of consumption goods in terms of money and [; is aggregate
liquidity available in the morning market. So the wealth that households bring into the

afternoon is:

g1 = My + bt + ht - F)t—i-lct—i-l (54)
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Then the household Bellman equation becomes:

Via) = max  {BE, [u(crr) + Vier (mu + b+ b — Prygea) |} (5.2),(5.3), (5.4)

me,bt,he,ceq1

and FOCs for consumption and bonds are:

[ce41] - 0= u'(crr1) = Pry10aVisa(a) = iy P
b 0= — PP + By [B0.Via(arr) + iy 0(1 = At ) (b) ' B
[he] : 0= — Plui +E [55 Viri(aer1) + s e (he)”” IBtJrl}

where pf is the Lagrange multiplier on the afternoon budget constraint (5.2) and puj is the
Lagrange multiplier on the liquidity-in-advance constraint (5.3). We have that uf = 9,V;i(a).

So we have:

PP ' — P 1 1 — As1)(b)P 1B}
L, [/8 <u (Ct;&-l) :ut—:lu t+1> ( v ) +M:+1 ( o ; t+1)(br) t+1 )]
P, u'(c) — pi By P w(ce) — pi By

Ph ' — P 1 Mot (hy)P1
L —F, [ﬂ (u (Ctl+1) Nttlu t+1> ( _ ) +/L:+1 (Oz t+1( t) Bt+1 )]
Pt U(Ct)_ﬂtpt Py U( t)_,UtPt

Equilibrium price level: In equilibrium, we have ¢, = Y;, b, = By, hy = H;, my = M,. If the

liquidity in advance constraint binds, then the price level is given by:

b Mi+aBy Ly
=y Ty

Government Funding Advantage: Define ¢l = P/ / P. Impose market equilibrium. Then the
funding advantage log(q®) — log(g") is (taking a first order Taylor approximation around

(U/(Ct+1) - M§+1pt+1)/15t+1)1

B [p0Byf (1= M) (B! = Ava(H)"™)]
Et[ﬂ(ul(y;f+l)/pt+l — pis1)]

Xt ~

The key object in this expression is the multiplier pj ,, which can be approximated

FU)tJrlY;tJrl )

/'Lt-‘rl = M (Mt + OéBt+1

A reasonable approximation to the hard constraint should make M (-) increasing and convex.

Then a mean preserving increase in the volatility of By raises E¢[uy,,]. That is, more volatile
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bond liquidity raises the expected shadow value of relaxing the bond-in-advance constraint
because agents have an additional precautionary motive for holding bonds. By contrast, if
M(-) is linear in By, then a mean preserving increase in the volatility of B;;; would leave
E,[py,,] unchanged.

Once again, we can consider some special cases:

1. Special case: \y = A: If the relative bond weight is constant, then we can take relative

marginal bond benefit outside the expectation:

By (1= N)(B)P™" = A(H ) ™) By [
Et[“’(YtH)/ptﬂ] - Et[lﬂ{ﬂ]

Xt ~

So the responsiveness of funding advantage to inflation risk depends upon how the
bond-in-advance multiplier relates to relative scarcity, which is entirely driven by the
output process. In this sense, inflation risk does not show up in the in the funding

advantage.

2. Special case: Cov(py 1, Aey1) > 0: If the relative liquidity demand for corporate bonds
increases sufficiently much when the liquidity-in-advance constraint binds, then the
model can overcome the result from the first special case and generate the result that
greater inflation volatility can decrease the government funding advantage. Our model

can be thought of as providing one explanation for when this can happen.

5.3.3 Returning to the Government Budget Constraint

Models that generate non-pecuniary demand for government debt that is unrelated (or even
enhanced) by inflation risk have strong implications for the government budget constraint.
To make this concrete, we examine analytically how inflation risk impacts impact the gov-
ernment budget constraint in the BIU model. Under BIU with \; = 0, we have:

b b h by, b
Xt &~ wlog (Q (%bt’ t>> ) (@ = 4)b ~ i (1 + (Ctht7 t>> (5.5)
Yt Yt Yt Ut

where for short-term debt the formulas are precise (see equation (5.1)). This implies that

the convenience revenue maximizing debt-to-GDP ratio is independent of other government
policies. We illustrate this with the red arrows in the top subplot in Figure 9, which show
how an increase in the market value of government debt-to-GDP lowers the spread and
moves the economy along the convenience revenue curve. In this sense, in these models the
government faces a “Laffer curve” style revenue maximization challenge reminiscent of the

monetary literature.
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We can then consider how devaluation risk changes government funding advantage in
a BIU model. Suppose the government introduces a monetary-fiscal policy that makes
government debt a worse hedge (e.g. in our model this would be an increase in o) and so
devalues the total government debt portfolio (a decrease in ¢?). Figure 9 shows the impact
on the private-public borrowing spread and convenience revenue under the BIU specification
(5.5) (the red arrows) and compares it a model like ours where higher inflation volatility
ends up decreasing demand (the blue arrows). Evidently, under the BIU model, increasing
return risk moves the economy up along the private-public borrowing spread curve and the
convenience revenue curve. In this sense, return risk does not change the convenience revenue
trade-off but rather provides another way of moving to the convenience revenue maximizing
value of ¢’b;/y;. By contrast, in our model, as we saw in Section 4, introducing return
risk shifts the private-public borrowing spread curve down. This contracts the convenience
revenue curve and so the government budget constraint.

We can interpret these difference in terms of decreases in the quantity (b;) and quality
(B;) of government debt. In the BIU model, changes to quantity and quality both enter the
private-public borrowing spread formula in the same way by decreasing ¢’b; and increasing
private-public borrowing spread. By contrast, in the data and our more general model,
decreases in quality shift the private-public borrowing spread to Debt-to-GDP relationship,

which leads to a decrease in the private-public borrowing spread.

6 Counterfactual: Financing Large Debt Increases

We conclude the paper by examining the macroeconomic implications of a government that
seeks to finance large spending increases by imposing restrictions on financial sector port-
folios. We first consider the four major debt expansions in the US history: the Civil War,
World War I, World War II, and the Global Financial Crisis. We then compute counterfac-
tual experiments if the government had financed any of these major debt expansions with

alternative policies.

6.1 Historical Episodes of Large Debt-to-GDP Increases

The top four subplots of Figure 10 show the Debt-to-GDP ratio and the private-public
borrowing spread during the Civil War, the Global Financial Crisis, World War I, and World
War II, which are the periods in our historical sample with large increases in the market
value of government debt-to-GDP (ranging from 25 to 60 percentage points).

Evidently, during both the Civil War and the Global Financial Crisis the US government
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Figure 9: Top plot: shows the impact of a debt-to-GDP increase in a BIU model. Middle
plot: show the impact of regulation that increases government debt demand. Bottom plot:
shows the impact of an increase in risk on holding government debt.
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was able to simultaneously increase debt-to-GDP and its funding advantage. These are both
episodes when government debt issuance coincided with large changes to financial sector
regulation that increased financial sector incentives to hold treasuries. For the Civil War
episode, between 1862-6, Congress passed a collection of National Banking Acts, which
established a system of nationally charted banks that were allowed to issue bank notes up
to 90% of the minimum of par and market value of qualifying US federal bonds'® and could
only issue a narrow range of loans!®. For the Global Financial Crisis, Congress enacted
the Dodd-Frank Act in July 2010 and the Basel III rules were adopted in 2012. Both of
these regulatory changes introduced a large collection of portfolio constraints on the banking
sector that penalized bank leverage ratios and encouraged bank government debt holding.
Interpreted through the lens of our model, neither period is consistent with the commonly
used stable equilibrium relationship outlined in equation (5.5). Instead, both periods are
consistent with regulation shifting the government debt demand curve up at the same time
as supply increased.

The episode with a clear negative relationship between debt supply and the government
funding spread is World War I, although identification is complicated by the gradual retiring
of the national banking system after the introduction of the Fed in 1913. The story during
World War II is more complicated. On average, the very large debt-to-GDP increase during
the war does coincide with lower government funding advantage, although the decrease is
small and the relationship is less clear after the war, particularly once the Treasury-Fed
Accord is agreed and the Fed becomes independent.

The bottom four plots in Figure 10 show the rolling bond-stock beta calculated over a
3-year centered window during the four large debt-to-GDP increases in our sample.!” We
can see a striking difference between outcomes during the Global Financial Crisis when gov-
ernment funding advantage went up and World War I when government funding advantage
went down. Following the introduction of the Dodd-Frank Act in 2012, the bond-stock
beta dropped sharply indicating that holding government debt became a good hedge against

15Technically, national banks could issue bank notes for circulation according to the following rules. Banks
had to deposit certain classes of US Treasury bonds as collateral for note issuance. Permissible bonds were
US federal registered bonds bearing coupons of 5% or more. Deposited bonds had to be at least one-third
of the bank’s capital (not less than $30,000). Banks could issue bank notes up to an amount of 90% of the
maximum of the market value of the bonds and the par value of the bonds. The 90% value was changed to
100% in 1900.

16National banks could only operate one branch. They were restricted from making mortgages unless they
were operating in rural areas, where they could make a limited range of loans collateralized by agricultural
land.

1"The bond-stock “beta” is the coefficient when excess holding returns are regressed against excess stock

returns (which we refer to as the bond-stock beta). Formally, for each maturity j, we regress the monthly

excess holding return mci;ll = 1og(qg_711) — 1og(qt(j )) — 74 against the monthly percentage change in the GFD

historical total return index on US equities.
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aggregate risk. By contrast, during World War I, the bond-stock beta went from zero to
weakly positive. For World War II, the bond-stock beta was never significantly different to
zero during the period of yield curve control (1942-1951) when the Fed and treasury worked
together to stabilize the yield curve. For the Civil War, the short maturity Greenback yield
curve estimates are too noisy during the greenback period (1862-1879) to get a clear esti-
mate. However, we can see that the beta for gold-denominated government debt is negative
during the war. While it becomes temporarily positive after the war, once convertibility is
restored, the bond-stock beta is essentially zero indicating that throughout the 19th century
when government funding advantage was high government debt was a “safe-asset” compared

to equities.

6.2 Refinancing WWI

We use our model to revisit the financing of World War 1. We calibrate the real business
cycle parameters (8,7, a,0,w, 9,0, g, p.) externally to match standard parameters in the
RBC model. We calibrate the parameters (), v, ), (., ok",b,7) internally to target average
spreads and bank leverage (see Appendix 7?7 additional details) for the period.

Figure 11 show a counterfactual path if World War 1 were financed with similar level
of government debt regulatory privilege to the Global Financial Crisis to make government
debt a safe asset during the period, like it was during the Global Financial crisis. We feed in
a sequence of government spending shocks to match spending-to-GDP during World War 1.
We then show Debt-to-GDP, the funding advantage, taxes-to-GDP, Investment /Capital, and
Deposits-to-GDP under a counterfactual economy with higher regulatory privilege. We can
see the basic trade-offs for the economy. Under our baseline calibration, government funding
advantage decreases dramatically from around 1% to 0.5% as the debt-to-GDP ratio expands
from close to zero to around 0.3 (as it does in the data in Figure 10). By contrast, when we
tighten regulatory privilege at the outset of the War, then the funding advantage increases
(as it does in the data for the Civil War and Financial Crisis). This decreases the average
tax burden in the economy but also decreases both investment /capital and deposits/capital.
This comes from the contract of the financial sector in the face of the tighter regulatory

privilege.
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Figure 10: Four Large Debt Expansions: The top four plots show the market value of debt-
to-GDP and 15 year private-public borrowing spread during the Civil War, Global Financial
Crisis, World War I, and World War II. The bottom four plots show the rolling 36 month

bond-stock beta during the same period. The shaded areas show 95% confidence intervals.
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Figure 11: Counterfactual Expansion. The baseline sets k = K’ — K" = 0.7 and the
counterfactual increases this to k = K? — K" = 0.95.

7 Conclusion

In this paper, we show how the government can generate a funding advantage through re-
strictions on the financial sector that make government debt a “safe-asset” for the economy.
Endogenizing government funding advantage in this way allows us to characterize how it is
related to financial and fiscal policy. We show that inflation erodes its funding advantage
because it changes the role that government debt plays in the financial sector and so changes
the debt demand function. This is very different to bond-in-utility and bond-in-advance
models where bond demand is exogenous and the funding advantage increases when the
government starts to default (because the real value of government debt becomes scarce).
Our results suggest that macroeconomists should be very cautious about modeling govern-
ment funding advantage using exogenous, immutable demand functions that fit empirical
“safe-asset” curves. Like for the Phillips Curve, these relationships break down once the

government attempts to exploit them.
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A Budget Constraint Arithmetic

Let b,g") denote the amount of n-period zero-coupon bonds issued at time ¢. Let the total
(face value of) outstanding debt in period t be b, := >0, bﬁ”) and the “portfolio shares” are
b§”) /bi. In any period ¢, the government enters with a stock of promised payments {bﬁ’i)l Fo>1
and issues new (zero-coupon) bonds {b{"™ },.=1, where b{™ is the amount of bond of maturity

n issued in period ¢.!® The government budget constraint can be written as

S =3 g U b -
n=1 n=1

(1) 1+ Z Qtn)b(n+1 + 0t — Tt

where g; is government spending and 7; is tax revenues. Let A; be the net amount of dollars

that the government raises in period ¢ from “refinancing” its debt:

At pp— Z Qt {b(n N b n+1
n=1

so that the budget constraint becomes
g+ b =7+ A

The role of the yield curve for government financing can be summarized by the A; term. The
government’s total deficit (including interest payments) is g; + bil_)l — T3, while its primary
deficit is def; := g; — ;. As a result, the difference between A; and At can be viewed as the
contribution of the borrowing cost spread to period t surplus.

Iterating the budget constraint forward gives the lifetime budget constraint:

qu Ubtf =E;
7j=1

Z tts <7't+s 9t+s) + Z (C_It(j) - C_Alij))bl(tjtl)
j=1

(@) (i)

Z €t7t+s{ <Qt+s diy > (bl(f+s - bgﬁis) }] .
s=0 7=1

(i)

+E,

where qt ) and qt]) denote the zero-coupon prices of the government and public sector’s

18For instance, one period bond issued in period ¢ and maturing in ¢ + 1 is bgl). Similarly, bgi)l is the
amount of n-period bond issued in period t — 1 coming due in period ¢t — 1 + n.
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j-period zero-coupon bonds, respectively.

A.1 Models with representative long-term debt

The admissible set of portfolios is restricted to follow an exponential rule, i.e.
bﬁ”) = bw (1 — w)"_l

In other words, the assumption is that we can summarize/proxy the portfolio {bgn)}fle with

a pair of scalars (b;,w). The variable A; can be written as:

A(bn wi; by—1, Wt—l) = Z q}gn) [ (1 - Wt)n_l wiby — (1 - wt—l)n wi—1bg—1

n=1

e e

In the above expression, if the government enters the period with a portfolio (b;_1,w;_1) and
wants to exit it with a portfolio (b;, w;), then for each maturity n > 1 it must issue/buy back
B™ — 5" many bonds at price ¢\".

Suppose for now that w; is fixed over time, i.e. w; = w. We can then write

JAVIEES (i g™ (1 —w)" ! w) (bt — (1 -w) bt_l) = ¢ <bt —(1— w)bt_l)

n=1

=0 (w)

where ¢© denotes the market price of a “unit” of government debt portfolio (at face value)
with average maturity 1/w. From the definition of A; we can write the law of motion of (the

face value of) debt as

A
b= (1 —w)by + —
qt

so if w < 1 and ¢ depends on (b, b;_1), ¢° will behave as an (endogenous) debt adjustment

cost. In this case, the government budget constraint is

g +wbi_y =7 + qf(bt —(1- W)bt—1>-
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The intertemporal budget constraint can be written as

Z §t,t+s (Tt+s - gt+s)

s=0

+

b)) + { S g1 - w)j_lw}(l — )by = E,
j=1

=g} (w) (@)

> &t <bt+s —(1- W)bt+s—1> <qf+s — §f+s)] .

+ (qf — E[f) (1—-w)b1+E,
s=0

(i2)

(i)
or using the definition of the “weighted price” ¢’:

Z §t,t+s (Tt+s - gt+s)

s=0

(W + (1 - W)>bt—1 =E, + (qi’ — éf)(l — w)b_q

(i7)

(@)
Z gt,t-l-s <Q2lt)+s - ngrs) (bt+s - (]- - w>bt+s—1>] .
s=0

(i)

+ E,

The “yield” embedded in the representative price of the government debt portfolio is

oy (! j(l yi~t - ! L (=1 /w)
= —w w = = ~ exXp(— w
K ; 1+ 14y JR——C 1+ y/w DA~

14+y¢

which makes sense given that the government portfolio’s average maturity is 1/w.

B Additional Empirical Evidence

To help see these descriptive patterns more clearly, Figure 12 plots times series for our entire

sample from 1860-2024. The top subplot show the 15-year spread between corporate and
treasury yields (the orange line) and the market value of debt-to-GDP (the black line). The

bottom subplot shows the rolling bond-stock beta (calculated as the coefficient when treasury

returns are regressed against stock returns) over a 3-year centered window. The treat the

bond-stock beta as a proxy for how effectively treasuries can be used to hedge risk. The

spread is systematically higher during the National Banking Era (approximately 1862-1920),

lower during the rest of the twentieth century, and higher again over the last 15 years. The

co-movement between debt-to-GDP and the spread varies greatly throughout the sample,

while there is a noisy, but consistently negative relationship between the bond-stock beta
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and the spread.

To make these observations about co-movements more formal, in Table 2, we regress the
spread against Debt-to-GDP, the bond-stock beta, stock market volatility, and controls for
regulatory eras. In column (1) we show that, unconditionally, dummies for the National
Banking Era, and the Post GFC period explain the majority of the variation in the long
sample (an adjusted R? of 0.70). Introducing the log-debt-to-GDP ratio and stock market
volatility in column (2) does help explain additional variation (the adjusted R? increases
to 0.77) but there is no significantly negative relationship to log-debt-to-GDP. By contrast,
introducing the bond-stock beta and stock market volatility in column (3) leads to greater
forecastability (the adjusted R? increases to 0.86) and the relationship to the bond-stock
beta is significant at the 5% threshold. In the final column we include all variables. This
does recover a negative relationship between spreads and log-debt-to-GDP during main time
period (1917-2010). However, the relationship is actually positive during the National Bank-
ing Era and insignficant after the GFC. Furthermore, the introducing log-debt-to-GDP only
increases the adjusted R? from 0.855 to 0.864, which is a negligible improvement. This rein-
forces what we saw in the historical episodes—the historical equilibrium relationship between
quantities and spreads is not mechanically negative and quantities changes are not sufficient
for explaining the historical movements. None of these regressions identify demand functions
and so are not inconsistent with the large applied microeconomic literature that use a col-
lection of different instruments to identify that demand for Treasuries is downward sloping
in market value of Treasury holdings. Indeed, all the modeling in our paper will generate
demand functions that match the microeconomic literature. Instead, our results empha-
size that the macro-finance practice of targeting stable equilibrium relationships between
quantities and spreads is problematic.

In this section of the appendix, we include additional empirical results. Table 3 shows
the regression for the full sample with different controls. Table 4 shows moments for different

subperiods.
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Table 1: Regression Results: Funding Advantage

Dependent variable: Funding Advantage (20-Year)

(1) (2)

(3)

(4)

log(Debt/GDP)[All] -0.143 -0.211%**
(0.105) (0.073)
Beta (36M) -0.178** -0.238***
(0.082) (0.082)
Volatility 1.902%** 1.906*** 1.725%*
(0.493) (0.340) (0.336)
Slope -0.012 -0.028 -0.003
(0.037) (0.024) (0.025)
Pre-1920 Dummy 1.271%* 1.848*** 1.127* 1.720***
(0.065) (0.254) (0.131) (0.398)
Post-2010 Dummy 0.448*** 1.138*** 0.791*** 1.571%
(0.115) (0.373) (0.302) (0.514)
log(Debt/GDP) x Pre-1920 Dummy 0.225* 0.308**
(0.120) (0.122)
log(Debt/GDP) x Post-2010 Dummy 0.350 1.667
(0.938) (1.104)
Volatility x Pre-1920 Dummy -1.722%** -0.473 -0.430
(0.634) (0.614) (0.615)
Volatility x Post-2010 Dummy -2.587* -1.914 -3.127*
(0.920) (1.421) (1.737)
Slope x Pre-1920 Dummy 0.109** 0.068 0.012
(0.043) (0.047) (0.056)
Slope x Post-2010 Dummy 0.000 0.003 0.062
(0.125) (0.093) (0.111)
Beta x Pre-1920 Dummy 0.732 0.222
(0.713) (0.904)
Beta x Post-2010 Dummy 0.176 0.170
(0.296) (0.292)
Constant 0.473*** 0.008 0.218*** -0.014
(0.040) (0.147) (0.059) (0.098)
Significance: *p < 0.1 p < 0.06  p<0.01
Period: 1860-2025  1860-2025 1880-2025 1880-2025
Observations 163 163 138 138
Adjusted R? 0.704 0.767 0.855 0.864

Table 2: Regression Analysis
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Dependent variable: 10y AAA Corporate Bond Yield - 10y Treasury Yield

(1) (2) (3)
const 1.064*** 1.957*** 1.946***
(0.200) (0.318) (0.315)
debt-to-GDP -0.331* 0.052 0.046
(0.037) (0.061) (0.061)
sigma(R) -0.379** -0.012 -0.022
(0.085) (0.136) (0.135)
slope 0.011 -0.034 -0.024
(0.030) (0.027) (0.028)
volatility 1.451%* -0.237 -0.221
(0.334) (0.438) (0.435)
1920-2024 -1.047
(0.379)
1920-2024*debt-to-GDP -0.2617***
(0.090)
1920-2024*sigma(R) -0.290*
(0.169)
1920-2024*vol 2.101***
(0.639)
1920-2007 -1.006***
(0.381)
1920-2007*debt-to-GDP -0.335***
(0.108)
1920-2007*sigma(R) -0.344**
(0.173)
1920-2007*vol 2.172%*
(0.663)
2009-2024 -0.488
(1.647)
2009-2024*debt-to-GDP 0.516
(1.144)
2009-2024*sigma(R) -0.264
(0.789)
2009-2024*vol -0.884
(1.755)
Observations 154 154 154
R? 0.598 0.725 0.736
Adjusted R? 0.587 0.709 0.714

Residual Std. Error
F Statistic

0.398 (df=149)
55.402%** (df=4; 149)

0.334 (df=145)
47.668*** (df=8; 145)

0.332 (df=141)
32.758"* (df=12; 141)




1870-1919 1920-1951 1952-1993 1994-2007 2008-2025

Private-public borrowing cost spread: (x;)

mean 1.734 1.066 0.431 0.663 0.717
vol 0.277 0.302 0.269 0.228 0.247
corr(-, Ay)  -0.142 -0.121 -0.128 -0.557 -0.529
Debt-to-GDP: (¢%b;/y;)
”””””” mean  0.126 0512 0477 0655 107
vol 0.065 0.174 0.137 0.047 0.084
corr (-, Ay) 0.044 -0.24 -0.049 -0.374 -0.079
Real return: ((w+ (1 —w)q},)/q) — 1)
”””””” mean 2338 2262 1818  3.004 1057
vol 4.71 7.68 8.61 9.57 10.09
corr(-, Ay) -0.206 -0.295 -0.14 -0.414 0.131
Surplus-to-GDP: (g — 1)/
”””””” mean  0.071  -3.794  -1.956  -1.168  -6.153
vol 2.611 7.298 1.067 1.763 3.554
corr(-, Ay)  -0.083  -0.221 10.261 0.137 0.356

Table 4: Summary statistics for different policy eras.
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Figure 13: Top plot: The pale blue line depicts annual real GDP growth per capita, the pale green line
depicts our annual inflation series, both measured on the right axis. The red thick line shows the 15-year
(centered) rolling correlation between the blue and green series, measured on the left axis. Middle plot:
The orange line depicts our combined log price index (left axis). It measures the gold price of goods before
1933 and the price of goods in dollar after 1933. The green line shows the annual growth rates (inflation)
of the orange line (right axis). Bottom plot: The solid grey line depicts the posterior median estimate
for the 5-year-ahead smoothed, annualized conditional inflation volatility. The solid purple line depicts the
posterior median estimate for the 5-year-ahead smoothed conditional root mean square statistic. The light
gray intervals depict banking crises from Reinhart a%% Rogoff (2009).



C Recursive Characterization of Equilibrium

In this Appendix, we set up the equilibrium recursively. The morning aggregate state vector
is s := (e, K, B, M, D, H) and the afternoon state vector is s = (&, K, B) C s. We guess and
verify that afternoon prices are functions of the form (g%(s), ¢°(s), ¢*(s), ¢°(s), ¢"(s), ¢"(s))
))

and morning prices are functions of the form (cjb(é), q"(8), (3

C.1 Bank Problem

In the morning, each bank enters with a portfolio (m, b, h,d) of storage asset, government
bonds, corporate bonds, and deposits chosen in the preceding afternoon sub-period. They

then face the budget constraint:

along with the net settlement restriction:
AE)d < ¢m+ ¢ (8) (b= b)) + ¢"(5)(h = h(s)) + (8)e(s), V8 (C.2)

where (5, h, ci) () denote the remaining portfolio of government bond, corporate bond, and
deposits after servicing depositors. Constraint (C.2) states that, to finance morning deposit
withdrawals, A(-)d, the bank may sell its bonds amounting to (b —b(-), h— E()), or raise
additional funds equal to ¢¢(-)é(-) from households with idle deposits, where each unit of &
denotes a unit of “non-preferred equity” that returns one final good in the afternoon. The

regulatory constraint can be rewritten as

v

d(8) + kG (s)8(8) < KPP (8)b(8) + K" (3)h(8), V& (C.3)

In the afternoon, banks pay their equity and deposit holders subject to the budget constraint:

v

z¢(s)e + d(s) < z°(s)b(s) + 2 (s)h(s) — &(s) — ¥ (¢°(s)é(s)), Vs (C.4)

where W(-) is the cost of raising morning equity, and 2°(-) and 2"(-) are the afternoon payoffs

from government bonds and corporate bonds, respectively:

2(s) = (w +(1- w)qb(s)), Vs
P (s) = (w (- w)qh(s)>, Vs,
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Taking the predetermined individual portfolios (m, b, h, d, €), morning asset prices (cjb, g, q“e) (+),
and the afternoon payoffs (xb, xh> (+) as given, banks solve the following problem each morn-

ing for all s:

0<d(s), &s), b(8), h(s), Vs

are:

[d(-)] - jils) — i (8) = 1 (C5)
GOl O+ E) < 100 (FEHE))i®) + T EFE) (€0
[B(-)] : 7(3) (i(8) + fi°(8)) = a*(s) + (1 — or")i" (3)4"(8) (C.7)
()] - 7(8) (A(3) + 1°(8)) = 2"(s) + (1 — o)1 (8)3"(8) (C.8)

where fi(-) > 0, g°(-) > 0 and i"(-) > 0 are the Lagrange multipliers on the morning
budget constraint (C.1), the settlement constraint (C.2) and the regulatory constraint (C.3)
respectively and we have dropped the short selling constraints since they will not bind.
Equation (C.6) equates the marginal cost of issuing non-preferred stocks to the marginal
benefit of relaxing the morning budget through additional resources from the households.
Equations (C.7) and (C.8) equate the marginal cost of purchasing each asset in the secondary
asset markets with its corresponding pecuniary payoff and non-pecuniary benefit arising from
a relaxed regulatory constraint.

Our morning market is sufficiently simple that equilibrium can be characterized in closed

form, which we do in Proposition 4 below.

Proposition 4. In a competitive interbank market equilibrium with k¢ < 1 and K7 > 0 for
j € {b,h}, functions ((jb,cjh, e, 17)() satisfy the following for all \:

é(s) = max{\(s)di—1 — ¢pmy_1,0},

2 (g) — 2/ (s)
TS = T3 gem) (1 - )

) {(%@)/2) — J(B(8)/2 —€(s), if &(s)>0, and €(s)>0

0 otherwise

Jj € {b,h},
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where: B(s) = 5 (1 =T%(s)) + g (1 = T"(s)) and €(s) 1= zier (1 = T¥(s) = T'(s)) and

(1- Q;{b)vxb(s)bt_l
(14 9pé(s))(drr + r€(s))

(1— th)uxh(s)ht_l
(1 +9pe(s))(drr + r€(s))

Ib(s) := I"(s) :=

Proof. Plugging market clearing conditions and ¢¢(s) = 0 into budget constraint (C.1):
é(s) = max{A(s)d — ¢m, 0}

with ¢ = 0 iff the settlement constraint (C.2) does not bind. We prove the rest of the
proposition in four steps, establishing the conditions under which the regulatory constraint

binds and does not bind and deriving the equilibrium multiplier o(s).

Claim 1: If ¢(s) = 0, the regulatory constraint cannot bind.

From the first-order condition for equity issuance (C.6) with ¢°(s) = 1:

(&) + 6(8) — KT(E) < 1+ E(E), (= if E(8) > 0).

ji(8) — ' (8) = L. (C.10)

Combining (C.9) and (C.10):

nC
(VAN

)
)

L+ (8) + i'(8) — i
_l’_

1
fe(8) + (1 = w9)a"(s) < 0.

nc
(VAN

Since f1°(s) > 0 and " (8) > 0 by the complementary slackness conditions, and (1 — k¢) > 0,
this inequality can only hold if both multipliers are zero: ¢(s) = " (s) = 0.

Therefore, when é(S) = 0, the regulatory constraint must be slack (4"(8) = 0). Equiv-
alently, if the regulatory constraint binds (i1"(s) > 0), then the settlement constraint must
also bind, forcing é(s) > 0. This establishes that equity issuance and binding regulatory

constraints are intrinsically linked in equilibrium.
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The expression for morning prices comes from rearranging the FOCs (C.7) and (C.8):

ij(S) _ xj (S) : — xj (S) :
fi(s) + fic(s) — (L —ow?)fi"(s) (1 +¢é(s))(1 — Kii(s))
where
e
R )

From Claim 1, if € = 0, morning prices equal to the afternoon payoffs (¢ = z7). Now

consider the regulatory constraint with equality

— b)) pb _ h\..h .
(lu 0K )xtbt_lv (1 - oK™)x; ht_lv _ (dt N fieét)
(L +eé(s))(1 = Kbo(s)) (1 +é(s))(1 — Kri(s))
and use the introduced notation to write
r'(s) s
(1-Kbp(s)) (1 —K"rv(s)) -
Rearranging gives the quadratic

y KP(1 —T"(s)) + Kh(1 —T?(s)) 1 —T?(s) —T*(s
o= gt - KOO R T)) (s)I'(s)

(@]
I
¢

(s)* — B(s)v(s) + €(s)

with the definitions:

%@*:éﬂl—W@D+K;@—FW@)

€®) = i (1 - T6) - T'(3)),

Uc

Claim 2: The discriminant is positive whenever K7 > 0 and I'V(8) > 0 for j € {b, h}.
To ensure real solutions of (8) exist, we must verify that the discriminant (28(8)/2)*—€(s) >

0. Expanding the squared term:

(K1 - T*()) + K1~ T"(8)))’
= (KM?(1 = T%(8))% + 2K KM (1 = T°(8)) (1 — T™(8)) + (K")?(1 — " (8))>.
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Subtracting 4KC°K" (1 — T°(8) — I(8)):

(K")*(1 = T*(s))* + 2K°K" (1 = T°(8))(1 = T"(8)) + (K*)*(1 = T"(s))?
—AKCPKCM(1 —T(8)) — 4KCPKC(1 — Th(8)) + 4KKCh
= |KM1 —T°(8)) — K1 — T"(8)) : + 4K KTE (8)TR(8).

Therefore:

> (),

() — K*(1 — rh<é>>)2 I%(8)07(8)
KCoKch =

()27 - et - (SUEEERE

with strict inequality whenever T'°(s),"*(8) > 0. This ensures real solutions exist for (s).

Claim 3: The regulatory constraint binds iff ¢ > 0 and € > 0.
First, we show that €(8) > 0 implies *B(s) > 0. Suppose €(8) > 0. By definition:

1

) = T

(1-T'E) -1"3) >0 = T'E)+I"E) <L
Since I'°(s), I'"(8) > 0 by construction (they are ratios of positive quantities), we have:
) <1 and T"E)<1 = 1-T%8)>0 and 1-T"(8) >0

Therefore:

1

BE) =

(1-1"s)) + 161,1(1 ~T(s)) >0,
since both terms are positive given K° K" > 0. Moreover, we can establish that B(s)? >
4€(8) is always satisfied when the discriminant is non-negative (Claim 2), ensuring that the
quadratic formula yields real solutions. When €(s) > 0 and B(s) > 0, both roots of the
quadratic are real and positive, so the regulatory constraint must bind.

When €(8) < 0 (equivalently, I'°(8)+I'"(8) > 1), banks’ asset holdings already exceed reg-
ulatory requirements, so the constraint cannot bind. In these cases, 7(§) = 0, corresponding

to a slack regulatory constraint.

Claim 4: The lower root is the economically relevant solution when €&(s) > 0.

The quadratic equation for 7(8) has two roots:




Both roots satisfy the regulatory constraint with equality, yet only the lower root represents
a valid equilibrium. To establish this, we analyze the feasibility and stability properties of

each root. For equilibrium morning prices to be positive and finite, we require:

| 11
1 Kip(8) >0 forallje{bh} — b(§)<mm{lcb,,@}. (C.11)

(i) Upper root: The upper root satisfies:

%éé) +J (%g%))z e - %éé)_

By definition, B(8) = & (1—T%(8)) 4+ 2= (1 —T"(5)). Consider the case where I'’(8), T"(8) are
small (banks hold limited regulatory assets relative to their obligations, i.e. the regulatory
constraint is tight). Then B(8) ~ & + zr, and:

171 1
o> (L L),
R A VRN
Without loss of generality, assume X < K", If the regulatory constraint binds at the upper
55~ For I'’(8) sufficiently small (which occurs precisely when
the regulatory constraint is tight), the upper root can exceed %, violating (C.11) and causing

pH(8) =

root, we would have v (8) >

¢°(8) < 0. This renders the upper root economically infeasible.

(7ii) The lower root as the unique equilibrium: In contrast, the lower root satisfies:

‘Béé) B J (%éé))Z _ el < ‘Béé).

We can verify that the lower root always satisfies the feasibility constraint (C.11). When

0<v (8=

the regulatory constraint binds with T'°(8) + I'*(8) < 1, the lower root represents the min-
imal shadow cost of satisfying the regulatory constraint. This is the natural equilibrium
selection: competitive banks operate at the point where the marginal cost of meeting regu-
latory requirements equals its marginal benefit, which corresponds to the smallest multiplier
consistent with the constraint binding.

m

C.1.1 Afternoon problem

In the afternoon new banks choose portfolios (m/,b',h',;d’) of storage asset, government

bonds, corporate bonds, and deposits. Taking prices and the household’s SDF as given, the

68



representative bank solves:

max B [£(s;8)W (m/, 0, 1, d;s) | + ¢¥(s)d — m' — ¢ (s)b — ¢"(s)h
m' bk ,d (C.12)
s.t. o<m', v, n, d

where £ is the household’s stochastic discount factor. The first order conditions for the port-
folio choice in the afternoon market are (dropping the short selling constraints for (', b/, d’)
which don’t bind):

] 1 > E, :f(é’; $)(1+we(s)) (1+ /{eﬁ(é’))gb] — it >0

] qls) = B9 (14 0e@) (14 w96 (C.13)
W) ) = BJg(si) (14 0e) (14 w0()) 8] (C.14)
@) ') = B fetss) (1 vete) (R 4 (1o a0 - w)ots19)

where we used the Envelope conditions. We can see that equations (C.13), and (C.14), are
the standard portfolio choice equations augmented with the wedges (¢, 7)() reflecting how
the interbank asset market frictions distort the bank’s portfolio. Equation (C.15) equates
the deposit price to the risk-weighted average marginal cost of servicing a unit of deposits

in the morning and afternoon.

C.2 Household Problem

We now complete the model by recursively characterizing general equilibrium across the
morning and afternoon markets. This allows us to study how the price dynamics in the

morning market generate a government funding advantage in the afternoon market.

Household problem: At the start of the afternoon sub-period, suppose the family has unspent
wealth a and input goods m. The family’s budget constraint in the afternoon sub-period at

time ¢ is:
c+ q*(s)d + ¢°(s)e’ + q"(s)n’ < a+q™m — 7(s)Y(s) (C.16)

where ¢ denotes goods consumed by the household in the afternoon sub-period, ¢™ is the
afternoon price of the input good, m is the amount of input good produced by the household

in the morning and stored between the morning and afternoon, and (d’,¢e’,n’) denote the
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family portfolio of bank deposits, bank and firm equity, respectively, ¢ denotes consumption
goods used for capital production, and 7(s) denotes the tax-to-output ratio in the afternoon
sub-period.

In the following morning sub-period, the new exogenous aggregate states € and the
households’ idiosyncratic shock for their morning trading needs are realized with probability
A.  Unconstrained households that can self-produce choose their own labor effort [, and
potentially contribute additional equity ¢ that is repaid in the afternoon. So the financial
wealth and input goods that unconstrained households bring into the following afternoon

are:

=(d—-qg¢+¢)+a%(s)e+ (2"(s') + ¢"(s"))n (C.17)

Constrained households that need to purchase inputs choose how much labor to sell to the
market /. and how much labor to purchase from the market / subject to the deposit in

advance constraint:
u“)(s’)ﬁ’ <vwvd (C.18)

So the wealth and input goods that they bring into the afternoon are:

v

— (s + (sl + 2°(s e + (2(s') + ¢"(s'))n (C.19)

|
=%

/

I
¢

o~ o>

Let V(a,m,s) denote the value of the household with unspent wealth a and input goods
m at the start of the afternoon. Then, taking as given the law of motion for the aggregate

states, the value function V'(a,m,s) satisfies the Bellman equation (C.20) below:

V(a,m,s) = {;CI%&; }{u(c) + PEg {)\(s/)(_éc(sl)luc +V(a.,m.,s))+
e edin

. (C.20)
(L= A C 6 + Vi ml, o) }

st. (C.16),(C.17),(C.18), (C.19).
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The necessary first order conditions and the envelope theorem imply:

] - 0= —C"(s) + OV (a,, m,s)
[le] - 0= =) + w(s)0aV (ag, me,s')
[ ] : 0= — w(sl)aa‘/(a,cv m::’ S,) - w(sl)ﬁd(sl) + amv(a’::? m’c, S,)¢

Using the envelope theorem we have:

OV (a,m,s) = ¢ (s)0.ul(c)
9,V (a,m,s) = d.u(c)

so we get:
L 0" ($):u(c) = '3
A w(s)dau(e) = ()
7 0" (8)0:u(c) = (s) (Deu(e) + i%(s))

along with the condition that ¢¢ = 1. Let ¢%(s) = ¢%(s) + w(s)jii%(s) implying m, = m.
in equilibrium. This leads to the first-order-conditions (FOCs) after imposing the Envelope

condition:

'(s) = Ea¢(s'5) (1+ M) L(S))
0 (s) = B, [£(s'8)a"(s))|

oy . plu(e(s))
g(s 7S) T 6 acu(c(s)> )

. vii'(s')

Lis) d.u(c(s))

The liquidity wedge, f)(s’ ), appears because demand deposits provide liquidity services to
the households by allowing them to insure trading shocks in the morning sub-period. The
presence of this asset-specific wedge implies that households are willing to hold demand

deposits at a discount.
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C.3 Firm Problem

Firm problem: Taking prices and the household’s SDF as given, the representative firm

solves:

V(k, h,s) = max {z(s)kaml_"‘ — " S)m+ () — ¢E () — (w . w)qh(s)>h/7r(s)+

m,k’ h’
T ()(1 — )k + E, [£(':) VI (K, . ) }
s.t. ¢"n < 0"k
(C.Ql)

The first order conditions are:

[m] g"(s) = (1 — a)z(s)k"m ™
(K] ¢"(s) (1 — 0p'(s)) = B [£(5:8)a™(s))]
M) ¢"(s) (1= ph(s)) = Eq [€(s';8)2"(s))]

where the afternoon payoff from firm equity is

a"(s) = ay(s)/k + (1 - 8)d"(s)

In equilibrium, the multiplier p”* is linked to the banking frictions. The higher u" (higher
liquidity premium on corporate debt), the more distortion in capital choice (capital price is

above “fundamental value”).

C.4 Definition of Equilibrium

We can now set up a competitive equilibrium. Given a fiscal rule

T(s) =T+ (Yi) — B)

and bond price function ¢°(-), a budget-feasible government issuance rule B’(s) satisfies:

(w+ (1= w)g"(s)) B < (1 — ()Y (s) + ¢"(s) B(s).

Definition 3 (Budget-feasible Competitive Equilibrium). For given regulation parameters
(0,k% k", k¢), and a budget-feasible government policy (T,g,B’)(-), a competitive equi-

librium is a collection of functions for prices (qd,qe,q”,qh,qk,qb,dh,cjb,(je,171)(-), payoffs
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(me, m”) (+), household policies (dﬁl, e n el 1.1, ih)(~), bank policies (l;, h,é, f, d,n b, me)(-),
and firm policies (k:’ Ay, h}) (+) such that

« Taking prices as given, households solve (C.20), banks solve (C.12), and firms solve
(C.21),

e The morning interbank market (cjh, ¢, ¢, I;, 7L, é) (+) variables satisfy the morning mar-

ket equilibrium (Definition 1) and the morning labor market clears: l.=1.

o The afternoon input good, capital, and goods markets clear:
my(s) =m(s), in(s)=Fk(s) = (1—0)k, c(s)+i(s)+g(s) =yls) — ¥(s) — O(s),
and afternoon asset markets clear:

dy(s)=d(s), €(s)=1, n'(s)=1, V(s)=DB'(s), Ny(s)="n(s).
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D Derivations

D.1 Partial derivatives

We have the following implicit relationship for the key regulatory wedge 7; derived in Propo-

sition 4 in Appendix C:
F(0y,0) =02 — B + € =0
where: B, := (1 -T%) + & (1 -T7) and €, := s (1~ T2 — ') and

(1 — or®)xbb; 4 h (1 — oxM)alhy_4

b .__ .
= e (0 = \)des + 8 B = e (0 = N)des 1m0

and ', := T'? + I'". We always choose the lower root:

B, — /B2 — 4¢,

2

v, =
Using the IFT, we can characterize relationships 7;(#) through the partial derivative

9 _a%tv % %_L%tu
o _8F/89 B ol t G 5 TR

80 OF/oy, 2w, — B, B2 — 4¢,

This leads to a general formula for any variable 6
oy ¢, 0B,
2 4 P I
<V§Bt Q)(ae) 00~ 06 "
The partial derivatives of the regulatory wedge with respect to IV is:

oy, (1-K'w)Ty o (1-Kw)rt
dlogT? ,Cb;Ch\/m dlog '} KCoKCh /B2 — 4c,

The partial derivatives of the regulatory wedge with respect to é;:

7 ( v K ) (1= KMoy + (1= KTy
d¢; L+ diq + k&, KChICh /B2 — 4¢,
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The partial derivatives of the regulatory wedge with respect to parameter &:

\/mapt 0 (1 — Ty — Khin(1 — rg)) ) r’g(l - /chpt)
R T S0 Kb (1= o)

The partial derivatives of the regulatory wedge with respect to the bank portfolios are:

dlogb  OlogT? dlogh KoKCh, /B2 — 4¢,

dlogh  OlogI? Ologh _]Cblch\/m

@ﬁt 6575 3Dt ¢ét+1 + ¢¢mt liegzﬁmt
— =_ 1 = >0
dlogd <8log I’ + OlogI'k * (14 éiiq) * dyi1

817,5 _ 8125 . + 017,5 . 'QDQS’I?;Lt i /{iqut < 0
0logm dlogI'}  Ologl’ 1+ Yéi diiq

with

a log d (1 + 1/)ét+1) d/t-‘rl + /{eét_;'_l

€1+ Vom Keom
}(me vome | wom )
(1 + wetJrl) dt+1 + /ieetJrl

0logT,, B ( YA 1dys (1 — A1 + He)\tH)dt)

D.1.1 Log-Price Elasticities

Define log-price elasticities as

; dlog gl .
my = alog/{t for j, ke {b,h,d,m}
:l a :iE 0q] 0é141 n Oq Oq
g Ologk — ¢l " |04, 0loghk ' Oiny Ologk

For the two bonds, we have 865; L= a‘f;; L' =0 and

0 et (s [ (L0 |
5 =16 (et () d€ )

85t+1(s

5



SO

Q§nf,k =E

ft,t+1 ((1 - Q"‘ij)ﬂﬂ) <a¢t+1 _ 0B 5 1)
B2, 4C,,, ) \(1—KI0y0)?) \dlogk  dlogk "
for j € {b,h} and k € {b, h,d, m}.

For the deposit and storage asset, we have

dgj , , < y ) )
Yt _ \ . .
aét+1(sl) 7T(S )gt,t—kl(s )¢ (1 )\t—i-l)l/t—i-l + t—H( + K Vt+1>
vai = m(s)& t+1(S/)¢<1 + /ieﬁtﬂ)
86t+1 (S/) ’
and
uai = ()& tH(S/)(l T ¢ét+1(s/)> (1 —(1- ’ie))\tﬂ(sl))
th+1(S/> ’
dq;" ) . PR
e (o 1
aljt+1(sl> W(S )gt,t-‘rl (S )( + ¢€t+1(s ))/Q
SO
! ! 5 e 0€:11
G = Be |G (S (1= M) Vi1 + A (1 Tk Vt+1) dlogk
g$t+]1€ B 3?”; 9%
+ K é},tﬂ((l + éa)(1 — (1 - 'fe)/\t+1)> ( Og : y )]
VB — 4
and

dlog k

i1 ( . e) 01 OBy,
( B2, — 4¢t+1> <1 + Q/J€t+1>l€ 8logk 810g kyt—H ¢

t+1

. oe
anﬁmg = [, l€t7t+1(sl)¢ (1 + /‘fel/t+1) ax ] 0

+ E,
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For completeness, the complete set of log-price elasticities is

bob — R <(1 — Ok )le) (1= K'y)TY 1+ (1 — ]Cbbt“)F?H =b
@iy = —Ei | & Tt
( KPKCh [B2,, — A€,
<(1 — 0K )xt—l—l) (L= K" )Ty + (1 — K'%0)T8 (1-20,)
(1 — ’Cth+1)2 JCoICh %H—l 4Q:ii—l—l

Stev1 <<1 —oR >xt+1> (1 = K" )T7 0 + (1 = Koy )T} —d ]

(1= K ) KB A,

qli;nzlf;,d =E;

b b (1— Q"ﬁb)xgﬂ (1- ’Ch’ytﬂ) ?+1 +(1— ’Cb’;t+1)rg+1~m
G = —Et | &1 bY o Sl
(1 — KPoyiq) KPCh\ /B2, | — 4€,44
and

(1- )xt+1> (1 — K" )T2 + (1= K0T ]

(1- iCth) KCbKCh | [9B2,, — A€, —

((1 >$t+1> (1 =K' )T + (1= K0 )T (1—-28 )]
( ICCh /B2, | — 4€,, s

Ett+1 <(1 —on )x“'l) (1 =K'y + (1= KPo)TE =i
(1 = KMy )? ]Cb]Ch\/m i

§t,t+1 <(1 —or >xt+1> (1 = K"y )T7 + (1 = Ky )T —m
(1 = Khyyq)? KO KCh B2, | — A€, t+1

anry = E

@, = —E

with

—b . (1 — K" Vt+1) t+1

ST (1 = Khig )T + (1 — Kooy )T

—_ dlogl'iy e —m
‘—‘f—&-l = = |1+ (7u + =i

dlogd 1 +1peiy1)

om . _OlogT'yiy _ ( Yomy i H%mt)
i+l Odlogm (14 9éi4q) dis1
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and

d, d o (1- ’Cth)
q“ni, = —E gt,t 1(1 + ¢€t+1>(1 - (1 — K° )\t+1
o o VKB — 4
[ ) 1— lcb
qdnf,h = —E¢ | &1 (T+1pen) (1 — (1T — K9 A1) ( )
i JCoICh —4¢,; |
qdnf,d =E |& 41 (7/) ()\t+1 + 71 (1— (1 —K° )\t—i-l (Atr1dy }
' ) oy (= KM )T+ (1= K5 ) T
+ K, _ft,tﬂ(l +per)(1 = (1 = £9)Aeq1) KoKCh B2y — A€ St

qdntd,m = I _5t,t+1 (@Z’()‘Hl + ’7t+1(1 - (1 - He)At—l—l))(_gbmt)] +

(1 - ’Chbtﬂ) ?+1 + (1 — ’Cb’jtJrl)F?Jrl =m >]

B A KOKCh [ B,y — A€ -

and

y (1 — Kri)T?
@'y = —Ei | &1 (1 + i) K° ¢
t b _ + + coxch h%% oy

5 (1 — Kbi)Th |
@' = —Ei | &1 (1 + Ve )K° ¢
Lo o KoK /B2 — 4¢, |
Sttt (1/)()\t+1dt)(1 + fie’jtﬂ)) ¢

(1 — /Chﬁﬂ_l) 11 + (1 - IC Vt+1> t+1—d ¢
‘_'t+1
KHRh[BEy, — A€,

Ei [&e41 <¢(—¢mt)(1 + "feljt+1)> o+

(1=K o )T+ (1= KP) T = |
KEACh B2, | — A€, o

q{”nﬁé = [,

+ By (&1 (1 + épq)R”

m,m
qt nt,m_

—F,

Erar1 (L + )k
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and

. 1
iy = —Eul€eir12],]be
qt
1
U EEt (e
t

1 y
Nea = _?Et[&,t-&-l(l + 1) A + (1 — Aega)]ds
t

e

1 y
M = EEt[gt,t—H(l + Yeri1)plmy
t

D.2 Elasticity of substitution

The literature cares about the following projection:
o Nagel (2016) uses u(c) + alog @ and Q = [(1 — X)(¢"b)” + A(¢"h)?]*/*

1-— Et[&,tﬂxf 0 . (1—=X) , .
o2 <1 - Et[fut“x?;]/qf) = log A E\/f, log ((qt be)/(q; ht))

— —
shifter

inverse elasticity

where 0 = flp is the intertemporal elasticity of substitution between the two bonds.

o Krishnamurthy and Vissing-Jorgensen (2012) use —C:: + Ai(qblbzlp_p
b b\ _ b
log (1= Ey[& 112l y,)/a)) =log A= 1/o log ((qlbi)/ct)
~—— ~—~—

shifter  inverse elasticity

where 0 = % is the elasticity of substitution between consumption and government

bond.

Elasticity definitions: The macrofinance-literature-consistent elasticity of substitution is

dlog ((atb)/(g/he)) — dlog ((atbe)/(g/'h))
dlog (1—Et[§t,t+1zﬁ+1]/qf) - dlog (1—Et[£t,t+1$?+1]/(]§7>

1—E¢[&t 04120, ,]/q} 1—Ee¢ (&t e4120 1 1/qf

by . E xj
Define v := 75t and ¢y’ == 1 — M, and note that
t q;

dlogv Jlogv dlog(q?/qt)

_0log (cyf/cyth) ~ Olog(af/af) Olog(cy}/cyl)

=<
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where ¢ is the elasticity of substitution w.r.t. relative prices. We will compute both ¢ and g.

Implicit Function Theorem: When the relationship between (¢°b;)/(¢"h:) and (cy?/cy?)
is not explicit (like in BIU models), we need to choose which space we are projecting the
funding advantage to. We consider two cases: decompose the funding advantage (orthogo-

nally)
1. for a given ¢f-path while keeping (d,m) = (d, 0)
2. for a given (¢f, ¢)-path while keeping d = d
3. for a given (qf, q" qtd)—path

where we define the equity price ¢f = Ei[&;,412{,,] and the (shadow) price of storage as ¢f =
E, |:§t,t+1 (1 +¢ét+1) (1+meﬁt+1)gb}. That is, we will keep either (qf, my, dt) or (qf, q", dt> or
(qf, q", qf) fixed and project the funding advantage onto “relative scarcity” point-by-point
to get 1/o (for any given point). The elasticity of substitution o measures how (¢°;)/(¢"h:)
changes in response to a change in relative convenience (cyl/cy?), while keeping “certain
things” constant. This is meant to isolate the “substitution effect” from the “funding cost
effect” (how change in government funding advantage affects bank’s funding costs).!® We use
the Implicit Function Theorem to uncover this relationship embedded in the bank’s Euler

equations.

Strategy: We start with two observations about the two components of o. First, the value

ratio can be decomposed:
logv = log (g7 /q!') +1og (bi/he)

Differentiating with respect to log(q?/ql"):

dlogv dlog(q®/ql) ~ Olog(bs/hy) 14 0log(b/hy)

Olog(qr/ar) — dlog(ar/af) ~ dlog(ar/at) dlog(af/ql")
Therefore: 9lox(b /1
__ og( It)/ Z) —l1=1c—1
dlog(q;/ar')
so for the elasticity w.r.t. relative prices, we need to compute . Second, for the elasticity

o1 b/ h .
Olosle/ar)  along the iso-curves.

w.r.t. funding advantage, we will also need to characterize £
Olog(cyy/cyy

19 Alternatively, we could keep the “purchasing power” m; + ¢?b; + ql'hs — ql'd; constant (in the spirit of
Hicks vs Slutsky).
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Chain rule leads to

dlog(cy;/cyy) _ —dlog(ay/qr) + dlog((¢; — @)/ (4 — 7))
dlog(q?/qr') dlog(q?/qt')

dlog(¢?—7}) b Olog(gh—a}) h
Dlog a? dlog gy Alos a7 dlog q;

(D.1)

dlog q? — dlog g
édlog qf — cyihdlog qf
t t

— 1
+ dlog ¢ — dlog g}

The requirement that we need to stay on the iso-curves will determine (dlog ¢®, dlog ¢") as a
function of the quantity differentials (0logm, dlogb, dlogh,dlogd). To this end, define the

(inverse) price elasticities

77j _ 8logqf
bk 9log k

for j,k € {b,h,d,m}

for which we derive explicit formulas in Appendix D.1. The nature of our approximation is
that the four quantity differentials must satisfy three constraints (I)-(III) so that we only
have one degree of freedom to move which is v.

D.2.1 General Formula

The general formula of ¢ is built from the total derivative

dlog ¢’ Oy
— 0log k
OV (keb’zh;d’m 0log k &
: ( (1—#0) :1:{+1> ((1 — K*p)Tyy + (1= ’Cbﬁt+1)rﬁ+1> OM 4y
) 1 B j
e (1 - IC]V?H—l)Z qg ’CbICh %%_;'_1 — 4Q:t+1

alog q] = Et

= _F,

where the second equality plugs in the partial derivatives from Appendix D.1 and

OMyyy = E},,0logh + (1 — 20, )dlog h + =7}, 0log m — =, ,0log d
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with

=b (1 = K"i) (1 — oK)y 1 by

ST (1 - Ichﬁtﬂ)(l - Q“b)iﬁtﬂbt (1- ’Cb’/t+1)(1 - Q“h)xilﬂht
=m ._ ¢¢mt K/equt
U () din
é
¢ t-tl + E?}rl
(1+péiia)

=d ._
By =1+

The restrictions that we need to move along the iso-curves imposes constraints on the quan-
tity partials in OM,; ;. Effectively, our three constraints allow us to express how quantities

(0log h, dlogm,dlogd) move along the iso-curves as a function of dlog b:

dlogh Bl
dlogm | = — | g | Ologd
dlogd A

We will discuss how the constraints determine (B2, i, 3¢) as a function of the log-price

elasticities in the following subsections. Plugging in, we get

OMy1 = (‘—‘It)-s—l ( - ~t+1)ﬁb —Ziby + ‘—‘t+15b> dlogb

=M1

Then we use

dlogb 1

— p— p— h =
dlog(b/h) = dlogh — dlogh = (1 + §;)dlogh = dlog(b/h) — 1+ 4f

to get 8‘?01;7% and also implying

dlogh L Bl dlogm . Bt 0logd . B
Olog(b/h) 1+ Olog(b/h) 1+ Olog(b/h) 1+

82



The elasticity ¢ is then

dlog(q;/qt) _ [Ologg; —dloggt] Ologh
dlog(b;/hs) Ologb dlog(b/h)

((1 — K" )T + (1= ’CthH)F?H) Mt

gt,t 1
: NG

- —F,

y <( (1—rbo) aby,  (1—k"p) x;zﬂﬂ 1

1—Kbwyq)? ¢ B (1= KrMiyq1)? qf 1+ 5

dlogh 171 dlog g2 —dlog qf!
dlog(b,/h dlog(b/h + { dlogh }
N S og(t/t)_l_ { g(/)} g

dlog(qf/ql) [alogqﬁalogqﬁ}

b

Jlogb

With symmetric regulation (k” = k"), ¢, = co as expected.

To get the elasticity with respect to the funding advantage, use formula (D.1) implies

Olog qf —0log qf

b/ h
alog( /Qt) _ dlogb
alog(cyt /Cyt ) 1—cy? dlogq? . 1—cyl Olog gl
cy? Ologh eyl dlogh
Putting things together
1 +ﬁz? 810gqf—810gq? 8logqf—8logq? 1 +ﬁ[? 8logq$’—8logq?
o= — Odlogb % Odlogb _ Odlogb

- Blogq,’g—alogq? l—cy,ls7 8logqf . l—cyf Blogq{” - 1—cyi’ 810gq,’5J B 1—cyf Blogq?
dlogb cy? Ologh cyl Ologb cy? Ologh cyl  Ologb

where the numerator is

((1 — KM )T+ (1~ ’Cbbtﬂ)rilﬂ) M

&,
A IO ICh /B2, | — A€,
v ( (1—r"0) x?—i—l (1— ﬁh@) 371}51+1
(

1+ 8 +E,

1- ’Cbﬁt+1)2 Qf:’ (1 - ’Chﬂt+1)2 Qf
and denominator is

((1 — K" )T + (1= K00)T ?+1) My

§ti41
b KVKh /B2, — 4€,4,

y (1 —cyp (1—rb0) )y, 1—cyt (1-r"0) fﬂ%)]

E

cpp  (1=Kwn)? ¢ eyt (1= Khingq)? qf
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D.2.2 Given (¢, ¢, ¢%)-path

The restrictions are

(I.) Keeping ¢! = 0 fixed (dlogq! = 0):
dlog ¢! = nﬁba log by + 'r]ghﬁlog hy + nzmﬁlog my + ngfda logd; =0
(IT.) Keeping ¢;" =0 fixed (0logg]"” = 0):
dlog g = n;,0log by + n,",0log hy + ny',,0log my + mydlog dy = 0
(I11.) Keeping ¢/ fixed (0logqf = 0): Total differentiate
dlog qi = n;,0log by + n;,0log hy + 0y ,,,0log my + n; ;0 log dy = 0

Using (I.)-(II1.), we can express (assuming matrix H is invertible):

-1

dlogh Men Mim Mid M
dlogm | = — 0y M N iy | dlogh
dlogd 0t N 1 U

assuming that the matrix is invertible.

D.2.3 Given ¢/-path while keeping (d,m) = (d,0)
The restrictions are

(I.) Keeping d =d (dlogd = 0):
(I1.) Keeping m =0 (dlogm = 0):

(ITI.) Keeping ¢f fixed (0loggf = 0): Total differentiate

Jdlogq; = 772,,8 log b; + nfvhalog h: + nfvmﬁlog me + nf,dﬁ logd; =0

1 1
= (qut [gt’t_s_l:):f_i_l]bt) 810g bt + <(]€Et [{t,t+1$?+1]ht> 310g ht =0

t t

where we used that (d;, m;) are fixed.
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Use (I)-(III) to express

€
M

€
N

dlogh = ——=0logb

Plugging this into the total differential of log(b;/hy):

dlog(b;/hy) = dlog b, — Olog hy

O1og(by/he) ::(1-+ ”jb> dlog b

th

D.2.4 Given (¢f,¢")-path while keeping d = d

We have two regions. If 1 > ¢™, the storage technology is not used and m; = 0 with
dlogm = 0. In this region the elasticity formula from the previous section applies. We will

fix the storage shadow price at ¢™ = 1. In this case, the restrictions are
(I.) Keeping d =d (0logd = 0):

(I1.) Keeping ¢;* =0 fixed (dlogg;"” = 0):
dlog qi" = ny,0log by + n;",0log hy + my,,0logmy = 0

where we used that d; is fixed.

(ITI.) Keeping ¢; fixed (0logg; = 0): Total differentiate
dlog qi = n;,0log by + 1y ,0log hy + 1y ,,0log my = 0

where we used that d; is fixed.

In matrix form

~1
dlogh ‘ ; c
g _ _|"en lem Mep dlog b

m

dlogm Nih Mem s

assuming that the matrix is invertible.
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