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Introduction Data and Empirics Model Quantitative Analysis Conclusion

The Rise of the U.S. Debt Burden

▶ Since the rise in debt levels, the U.S. Treasury market experienced several
high-stake disruptions (e.g., Taper tantrum, March 2020, tariff turmoil).
▶ Raises concerns about investors’ capacity to absorb U.S. debt. 1
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This Paper

▶ Two cornerstones of the Treasury market:
(i) Investors with demand for maturity, safety, and liquidity (e.g., banks, insurers,

foreign officials).

(ii) Risk-averse arbitrageurs who intermediate across segments.

We integrate both in one framework.

▶ We quantify an equilibrium model of the Treasury market with a novel granular
dataset.

▶ A methodological advance to combine insights of two influential literatures:
▶ Demand-based asset pricing (Koijen and Yogo 2019):

Contribution: Allowing for no-arbitrage conditions.

▶ Preferred habitat view (Vayanos and Vila 2021):
Contribution: Introducing cross elasticities and quantification with granular data.
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This Paper

▶ Two cornerstones of the Treasury market:
(i) Investors with maturity-specific demand (e.g., banks, insurers, foreign officials).

(ii) Risk-averse arbitrageurs who intermediate across segments.

We integrate both in one framework.

▶ We quantify an equilibrium model of the Treasury market with a novel granular
dataset.

▶ A methodological advance to combine insights of two influential literatures:
▶ Demand-based asset pricing (Koijen and Yogo 2019):

Contribution: Allowing for no-arbitrage conditions.

▶ Preferred habitat view (Vayanos and Vila 2021):
Contribution: Introducing cross elasticities and quantification with granular data.
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Step #1: Estimate empirically tractable demand curves

▶ Collect a novel dataset on most U.S. Treasury holdings at the maturity level:

1. Granular-demand investors (e.g., insurers, MMFs, banks, foreign officials)
2. The Federal Reserve

▶ Use the following ingredients to estimate demand curves:

1. Own and cross price elasticity (using an IV methodology)
2. Bond characteristics (e.g., coupon rate, maturity)
3. Macroeconomic variables (e.g., inflation, GDP gap, credit spread)

▶ Why demand estimation? To capture rich heterogeneity of institutional features.

1. Banks: liquidity regulation, capital regulation, etc.
2. Insurance companies: long-duration liabilities and capital regulation.
3. Fed: policy goals.
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Step #2: Embed estimates in Treasury equilibrium model

▶ A quantitative equilibrium model extending Vayanos and Vila (2021) with
cross-maturity substitution, monetary policy rule, and arbitrageurs’ outside assets.

▶ Model entirely estimated using data, including arbitrageurs’ Treasury holdings.
▶ Who are arbitrageurs? Primary dealers and hedge funds (Hanson and Stein 2015; Du,

Hebert, Li 2023).

▶ Model estimation reveals:

1. A steeply downward-sloping term structure of Treasury market elasticity, with high
elasticity in the T-bill market (arbitrageurs are necessary).

2. Positive term premium response to monetary policy tightening, explaining the puzzle
of excess long-term rate sensitivity (granular demand investors are necessary).
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Data Sources

Investor Type Data Source Frequency Period Detail

Banks CALL Reports Quarterly 1976Q1-2022Q4 Maturity bucket
Fed Federal Reserve Weekly 2003W1-2022W52 Security
Primary Dealers Federal Reserve Weekly 1998W5-2022W52 Maturity bucket
Hedge Funds Form PF SEC Quarterly 2011Q4-2022Q4 Aggregate
Insurers and Pension Funds eMAXX Quarterly 2010Q1-2022Q4 Security
Money Market Funds IMoneyNet Monthly 2011M8-2022M12 Security
Mutual Funds Morningstar Monthly/Quarterly 2000M1-2022M12 Security
ETFs ETF Global Daily/Monthly 2012M1-2022M12 Security
Foreign Official and Private Public TIC Quarterly 2011Q4-2022Q4 T-bill/non T-bill

▶ We group data into three maturity buckets: T ≤ 1Y , 1Y < T ≤ 5Y , and T > 5Y .

▶ Sample period: 2011Q4-2022Q4.
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Who Holds What (% of total debt) - Aggregate
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Who Holds What (% of total debt): maturity ≤ 1Y

0

20

40

60

80

100

F
ra

ct
io

ns

-
20

12
q1

- - -
20

13
q1

- - -
20

14
q1

- - -
20

15
q1

- - -
20

16
q1

- - -
20

17
q1

- - -
20

18
q1

- - -
20

19
q1

- - -
20

20
q1

- - -
20

21
q1

- - -
20

22
q1

- - -

Banks FED HF ROW
HF US ICPF MF ROW
MF US MMF PD
Foreign O Foreign P Other US Investors

7



Introduction Data and Empirics Model Quantitative Analysis Conclusion

Who Holds What (% of total debt): 1Y < maturity ≤ 5Y
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Who Holds What (% of total debt): maturity > 5Y
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Demand System

▶ We estimate demand curves for each sector ι:

Z ι
t (m) = θι0 + bι1yt(m) + bι2yt(−m) + (bι3)

′xt(m) + (bι4)
′Macrot + uιt (m)

▶ Three maturity buckets: T ≤ 1Y , 1Y < T ≤ 5Y , and T > 5Y .
▶ Z ι

t (m): dollar value of holdings in maturity bucket m for sector ι, standardized by
potential GDP.

▶ yt(m): bond yield.
▶ yt(−m): value-weighted bond yield other maturities.
▶ xt(m): coupon, maturity, and bid-ask spread.
▶ Macrot : GDP gap, inflation, credit spread, and debt/GDP.

▶ Challenge: latent demand directly affects yields. Need an instrument for yields.
▶ Use extracted pseudo yields (Fang, Hardy, and Lewis, 2025; Koijen and Yogo, 2026)
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Instruments for Yields

Following Fang, Hardy, and Lewis (2025), we construct “pseudo yields” ỹt(m) as
instruments:

1. Extract predictable component of demand, Ẑ ι
t (m), excluding yields:

Z ι
t (m) = θ̂ι0 + (b̂ι3)

′xt(m) + (b̂ι4)
′Macrot︸ ︷︷ ︸

≡Ẑ ι
t (m)

+ϵιt(m)

2. Extract predicted component of supply, Ŝt(m), by regressing on macro variables
and bond characteristics.

3. Pseudo yields from equating predictable demand with supply:∑
ι

Ẑ ι
t (m) =

Ŝt(m)

(1 + ỹt(m))τ(m)

→ Results are robust to supply shock instrument (though weaker first stage).
11
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Demand System Results - Granular-Demand Investors

Banks ICPF MF ROW MF U.S. MMF Other U.S. Foreign O Foreign P

(1) (2) (3) (4) (5) (6) (7) (8)

yt(m) 55.815** -6.939 6.330** 122.951*** 275.646** 181.738 -122.170 56.168
[25.022] [11.387] [3.008] [40.845] [116.979] [195.228] [110.004] [109.121]

yt(−m) -50.822* 7.000 -2.309 -123.275*** -302.708** -117.855 -42.737 -69.378
[28.109] [13.286] [3.103] [41.929] [149.146] [238.685] [141.245] [136.417]

Bond Controls Yes Yes Yes Yes Yes Yes Yes Yes
Macro Controls Yes Yes Yes Yes Yes Yes Yes Yes
Maturity Bucket FE Yes Yes Yes Yes No Yes Yes Yes

Observations 135 135 135 135 45 135 135 135
KP F-Statistic (first stage) 10.484 10.484 10.484 10.484 25.241 10.484 10.484 10.484
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Demand System Results - Fed

τ < 1Y 1Y ≤ τ < 5Y τ ≥ 5Y

(1) (2) (3)

yt(m) 7.308 280.506 564.069***
[66.386] [197.647] [127.987]

yt(−m) 92.827 -312.573 -514.711***
[81.503] [255.812] [79.403]

Bond Controls Yes Yes Yes
Macro Controls Yes Yes Yes

Observations 45 45 45
KP F-Statistic (first stage) 25.241 5.214 14.360

▶ Positive elasticity

▶ QE affects term premium (Bernanke
2013, Fed speech).

▶ Financial conditions targeting
(Caballero, Caravello, and Simsek
(2024))

▶ Policy rule on yields (Haddad, Moreira,
and Muir (2024)).

▶ Negative cross elasticity

▶ “Reducing the size of the balance sheet
reinforces the shift toward a less
accommodative monetary policy
stance” (FOMC Minutes, March 2022).
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Model Setup

▶ Three types of agents: granular-demand investors, the Fed, and arbitrageurs.

▶ State of the economy: macro factor βt and monetary policy rate rt .

▶ Macroeconomic dynamics: βt+1 = β̄ +Φ(βt − β̄) + Σ1/2ϵt+1.

▶ Monetary policy rule: rt+1 = r̄ + ϕ′
r (βt+1 − β̄) + ρr rt + σr ϵ

r
t+1.

▶ Inertial Taylor rule (Stein and Sunderam (2018); Campbell et al. (2020))

▶ Treasury supply: S
(τ)
t = S̄ (τ) + ζ(τ)′βt + ζr (τ)rt .
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Model Setup

▶ Non-arbitrageur demand (including the Fed and granular-demand investors)

Zt(τ) = θ0(τ)− α(τ)′ pt︸︷︷︸
log(price)

− θ(τ)′ βt︸︷︷︸
macro

+ ut(τ)︸ ︷︷ ︸
latent demand

▶ Arbitrageur:

max
{Xt(τ)},X̃t

Et [Wt+1]−
γ

2
Vart(Wt+1)

s.t. Wt+1 = Wt(1 + rt) +
N∑

τ=2

Xt(τ)(R
(τ)
t+1 − rt)︸ ︷︷ ︸

Treasury excess return

+ X̃t(R̃t+1 − rt).︸ ︷︷ ︸
Outside asset excess return

▶ Treasury market clearing: Zt(τ) + Xt(τ) = St(τ).
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A Simplified Model for Intuition

▶ We assume N = 2: two maturities that represent “short” and “long”.

▶ Non-arbitrageur demand response to yields:(
a −b
−b a

)
,

so Treasury demand increases in its own yield, but decreases in the other-maturity
yield.

▶ Set K = 1 so βt is a one-dimensional “supply” factor.

▶ ϕr = 0, r̄ = 0, ζr = 0...
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Model Intuition: Arbitrageur Risk Aversion and Market Elasticity

Proposition: Arbitrageur risk aversion γ increases the price impact of demand shocks.

▶ Special cases
▶ γ → 0: arbitrageurs are risk neutral and arbitrage to the full extent

p
(2)
t = −(1 + ρr )rt +

1

2
σ2
r .

▶ γ → ∞: so arbitrageurs “drop out” of the market

p
(2)
t = −2b

a
rt −

2

a
(ζ(2) + θ(2))βt +

2

a
ut(2) +

2

a
(θ0(2)− S̄ (2)).

▶ T-bills are highly elastic because arbitrageurs absorb short-maturity imbalances at
near-zero duration cost.
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Model Intuition: Monetary Policy and the Yield Curve

Proposition: If 2b/a > 1 + ρr (strong cross elasticity), a positive monetary policy
shock increases the term premium. If 2b/a < 1 + ρr (weak cross elasticity), the
opposite is true.

▶ Under strong cross elasticity, when short rate increases,
▶ Non-arbitrageurs: Cross substitution → ↓ long-term Treasury holdings.

▶ Arbitrageurs: ↑ long-term Treasury holdings → ↑ risk premium.

▶ Consistent with positive risk premium response to monetary policy tightening (Bekaert,
Hoerova, and Duca (2013); Hanson and Stein (2015); Gertler and Karadi (2015);
Drechsler, Savov, and Schnabl (2018); Kekre, Lenel, and Mainardi (2024)).

▶ Opposite to baseline results in Vayanos and Vila (2021).
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Model Estimation
▶ Step 1: We estimate VAR dynamics for macroeconomic variables, monetary policy

rule, and Treasury supply from the data 2011–2022. We explicitly obtain demand
functions: Zt = θ0 − αpt − θβt + ut .

▶ Step 2: We estimate remaining parameters to minimize

min
{γ, par for outside asset}

E

[∑
t

∑
τ

(
Xt(τ)− X o

t (τ)

X̄ abs(τ)
)2 +

∑
t

∑
τ

(pt(τ)− pot (τ))
2

]
where pot (τ) is observed price and X o

t is arbitrageurs’ Treasury holding in the
data.

▶ Model identification

▶ Recover outside portfolio parameters from macro-driven yield variation.
▶ Recover γ from demand-driven yield variation: γ = 0.03 → RRA = 3.1− 6.6.
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Model Fit on Treasury Yield Dynamics
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Model Fit on Arbitrageur Holdings
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The Term Structure of Treasury Market Elasticity
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▶ Downward-sloping term structure of
market elasticity E (1% demand shock
moves total Treasury valuation by
1/E%).

▶ Aggregate elasticity of 3.22 (or a
multiplier of 0.31).

▶ Much more elastic than stocks
(multiplier ≈ 5) and corporate bonds
(multiplier ≈ 3.5).

▶ Elastic T-bill market hinges on
arbitrageurs.
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Term Premium Response to Monetary Policy
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Under the expectations hypothesis

▶ Higher short-term rate → granular-demand investors reduce long-term holdings (due to
cross substitution) → arbitrageurs increase holdings and term premium rises.
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Term Premium Response to Monetary Policy: The Role of Cross-Elasticity
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▶ Without cross substitution, granular-demand investors absorb more Treasuries → term
premium falls (standard intuition in Vayanos and Vila (2021)).

▶ Therefore, cross substitution is important for term structure response to monetary shocks.

24



Introduction Data and Empirics Model Quantitative Analysis Conclusion

Conclusion

▶ Using a novel dataset of U.S. Treasury holdings, we uncover:

1. Significant cross-elasticity for most investors.
2. Fed’s long-term Treasury holdings significantly react to Treasury yields.

▶ We connect granular demand estimation with arbitrage in an equilibrium model.

▶ Model estimation reveals:

1. A downward-sloping term structure of Treasury market elasticity (arbitrageurs are
necessary).

2. Positive term premium response to monetary policy hike, due to cross elasticity
(granular demand investors are necessary).
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