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Abstract

This paper develops a model to study how settlement risk affects asset prices, repo rates,
and liquidity in the context of recently issued (on-the-run) and seasoned (off-the-run)
Treasury securities. Higher settlement risk arises endogenously for off-the-run Treasuries
because of greater inventory uncertainty. Consistent with the model, the so-called on-
the-run premium is correlated in the data with an observable indicator of settlement risk,
namely settlement fails.

Finally, the analysis evaluates policies designed to improve off-the-run liquidity. It shows
that a repo facility can restore market activity during crises only in some market segments

and may even impair trading in others.
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1 Introduction

With an average daily trading volume of more than a trillion U.S. dollars, the U.S. Trea-
sury market is one of the most important and liquid markets in the global financial system,
crucial to the conduct of monetary policy and a key pillar of the global economy.! Even
though the Treasury market had been perceived as a stable, long-standing market across
many episodes, it increasingly exhibited signs of fragility, culminating in the March 2020
crisis when it temporarily broke down.? The turmoil placed the U.S. Treasury market at
the center of policy discussions and prompted renewed efforts to improve its resilience.
These discussions brought particular attention to differences between the market for so-
called on-the-run and off-the-run Treasury securities, with off-the-run securities experienc-
ing substantially greater market disruptions than their on-the-run counterparts (Chaboud
et al., 2025b, Wells, 2023).

On-the-run Treasuries are the most recently issued Treasuries of a given maturity. All
other Treasuries are off-the-run. The volume of trades in on-the-run Treasuries is much
larger than in the seasoned off-the-run Treasuries. For example, in the interdealer market,
on-the-run Treasuries comprise over 80% of all trades. This is striking as they account
for only 2% of all outstanding Treasuries (Chaboud et al., 2025b).> They also trade at
significantly higher prices and lower yields than off-the-run Treasuries with similar cash
flows and maturity dates, giving rise to a well-known phenomenon called “on-the-run”
premium. In addition they exhibit lower repo rates and bid-ask spreads (Vayanos and
Weill, 2008, D’Amico and Pancost, 2022, Chaboud et al., 2025). From the data it can also
be observed that on average, USD 33 billion of Treasury contracts fail to settle each day,
and, digging deeper, I find that off-the-run Treasuries have a median settlement fail rate
that is twice that of on-the-run Treasuries (see Figures 2a, 2b, 3, 5b in the next section for
the cited data).

In the first part of the paper, I develop a model of the U.S. Treasury market to shed

light on several questions: Why do we observe settlement risk in a benchmark market

!The data are provided by the Securities Industry and Financial Markets Association and can be
downloaded here: https://www.sifma.org/resources/research/statistics/us-treasury-securities-statistics/.
In July 2026 the average daily trading volume was 1.2 trillion U.S. dollars.

2 Asset sales, especially by non-banks that expanded their presence in the rapidly growing market, led
to a rapid drying up of liquidity and a sharp decline in market depth. This was exacerbated by primary
dealers’ reluctance to absorb Treasuries onto their balance sheets, partly due to regulatory constraints
(Eren and Wooldridge, 2021).

3See Figure A.6 in the Appendix for a graphical representation of the on-the-run cycle.



such as the U.S. Treasury market? Why do off-the-run Treasuries fail to settle more
frequently? Do these fails reveal anything about the on-the-run premium and why does it
consistently accrue to the most recently issued Treasuries, a feature that standard models
leave unresolved? How do an asset’s distribution and its relative effective supply—two
conceptually distinct channels—affect this outcome?

In the second part of the paper, the model is used to shed light on the ongoing policy
discussion on restructuring the Treasury market (see Duffie, 2023), which emerged following
the last crisis. The framework captures the crisis with the breakdown in the off-the-run
segment and analyzes both proposed and recently implemented policy measures aimed at
improving (off-the-run) liquidity, such as access to repo facilities and larger issuance sizes.
I also briefly discuss all-to-all trading and tokenisation.

In the third part of the paper, I test several hypotheses derived from the theory using
weekly U.S. Treasury primary dealer data—separately for on- and off-the-run Treasuries—on
settlement fails, outright and financing transactions, and net positions.

The theoretical model incorporates key features of the U.S. Treasury market: It is an
over-the-counter (OTC) market where dealers intermediate spot market trades between
buyers and sellers by using repurchase agreement (repo) financing. Repos are also used
to sell assets short. I abstract from Treasury auctions and instead assume that buyers
and sellers are initially endowed with newly issued (on-the-run) securities, which become
off-the-run over time. The model is dynamic and has two periods with two subperiods
each. In the first subperiod, a dealer acquires the asset from a seller with a temporarily
low valuation* and finances the purchase through a repo transaction with another dealer.
The latter shorts the asset by selling it to a buyer with a high valuation. In the second
subperiod, the short position is closed by repurchasing the asset from a buyer whose
valuation has declined.’

Markets are characterized by random matching and bilateral bargaining over spot prices
and repo rates. Because buyers are certain to hold newly issued on-the-run securities,
dealers can reliably source these securities to meet repo delivery obligations. By contrast,
ownership of off-the-run securities depends on trading histories, generating inventory het-

erogeneity and uncertainty. As a result, dealers may fail to locate a specific off-the-run

4 Alternatively, the sale may be driven by a temporary liquidity shock. The results are unchanged.
5The initial dealer resells the asset to a seller whose valuation has recovered.



security when needed to settle a repo, leading to costly settlement fails.

Settlement risk induces a preference for on-the-run Treasuries, reflecting their greater
ease of settlement. Dealers are willing to accept lower repo rates when these securities are
posted as collateral, causing them to trade “special” in the repo market.” Anticipation
of this collateral value raises their spot prices, generating an on-the-run premium relative
to otherwise identical off-the-run securities. They also exhibit lower bid—ask spreads and,
as noted, lower repo rates and fewer settlement fails. Those phenomena are all consistent
with the stylized facts for the U.S. Treasury market mentioned earlier.

Another central result is that a more unequal distribution of off-the-run securities
among market participants compared to on-the-run securities generates an on-the-run pre-
mium.® Lower relative supply of off-the-run assets (introduced by buy-and-hold buyers in
an extension) is not required (nor sufficient), but it can act as an amplifier by strengthen-
ing the effects of inventory uncertainty and settlement risk.” This insight extends beyond
the on-/off-the-run setting to asset pricing more generally. Any two otherwise identical
assets (in equal effective supply) can trade at different prices if one is more unequally dis-
tributed among market participants than the other. The example of off-the-run securities
being more unequally distributed is natural, however, as repeated trading in a frictional
OTC market over time causes holdings to become increasingly dispersed and unevenly
distributed across inventories.

Settlement fails are costly not only for the failing counterparty but also for aggregate
welfare. I show that a higher probability of settlement fails, for example due to a decrease
in a small imbalance between supply and demand, lowers welfare because assets remain
allocated to agents who do not currently value them the most. A calibration exercise
shows that relatively small imbalances between supply and demand can generate the fail

probabilities observed in the data and needed to explain the on-the-run premium.

6T assume that repos are asset specific (known as specific repos) and therefore dealers are not allowed
to exchange one asset for another when returning the collateral.

"Specialness is the premium paid to obtain a particular security in the repo market (Duffie, 1996).
Specialness of a specific asset can be measured by the difference between the general collateral repo rate
and the repo rate of that asset, as in D’Amico and Pancost (2022).

8 “More unequally distributed” is defined relative to the on-the-run asset. In particular, the off-the-
run asset is more unequally distributed if its inventory distribution across spot market participants is
non-degenerate, whereas that of the on-the-run asset is degenerate by assumption.

9A natural conjecture from the model is that the level of scarcity per se is not what matters: as long
as assets can be reliably located and sufficient supply is available at the source, scarcity alone does not
generate premia. Instead, some degree of inventory uncertainty is required, with scarcity acting as an
amplifier.



In the second part of the paper, I focus on the policy discussion on how to restructure
the market triggered by the last crisis. Not only settlement fails, but also on-the-run
premia across all maturities rose sharply in March 2020, as shown in Figure 1.1° Off-the-

run Treasuries were at the epicentre of the crisis (Wells, 2023).

Figure 1: On-the-run premia during the March 2020 breakdown
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Notes: This figure shows the on-the-run premium at the start of the COVID-19 pandemic. Source:
FED and author’s calculations.

The model highlights why market functioning deteriorated disproportionately in the off-
the-run segment during the crisis. A sudden and unexpected decline in buyer participation
relative to seller participation captures the “dash for cash” narrative in the model and
amplifies pre-existing uncertainty in off-the-run trading. I then show that a central bank
repo facility (as implemented by the Federal Reserve in 2021!) can improve liquidity in
parts of the market by setting the facility rate sufficiently low. Importantly, however, it
cannot fully restore intermediation in off-the-run securities and may harm trade in on-the-
run assets. Even when this does not occur, the facility rate affects repo rates and spot
prices in the on-the-run segment because the ceiling rate applies uniformly across assets,
despite no intervention being required in that market. Also, it leaves dealers holding larger

inventories of off-the-run assets on their balance sheets.

10As in Christensen et al. (2017), the on-the-run yield is subtracted from the par yield of seasoned bills
and notes. The data are taken from the FED yield curve, which is an updated version of the original
Giirkaynak-Sack-Wright curve (Giirkaynak et al., 2010), https://www.federalreserve.gov/data/nominal-
yield-curve.htm, and the FRB-H15 Tables, https://www.federalreserve.gov /releases/h15/.

See the Federal Reserve’s website https://www.federalreserve.gov/monetarypolicy/standing-
overnight-repurchase-agreements.htm for more info.



I then also analyze the following discussed policy interventions: larger issuance sizes,
all-to-all trading and tokenisation.!? I explain why larger issuance sizes improve liquid-
ity in off-the-run but not on-the-run securities:'® larger issuance reduces settlement fails
primarily in the off-the-run segment, where liquidity improvements are most valuable,
thereby enhancing both liquidity and welfare. Finally, all-to-all trading can reduce non-
strategic settlement fails and improve welfare, although this conclusion abstracts from
broader market-structure trade-offs. Tokenisation can eliminate both strategic and non-
strategic settlement fails, but at the cost of restricting risk taking.

Lastly, I turn to the empirical components of the paper. I first provide motivating
evidence on settlement fails. I show that on-the-run securities account for only about 10%
of total fails. The main empirical analysis then focuses primarily on testing two predictions
of the model. First, the theory delivers a joint sign restriction: higher fail rates of off-the-
run Treasuries are associated with an increase in the on-the-run premium, whereas higher
fail rates of on-the-run Treasuries are associated with a reduction. Using fail data for U.S.
primary dealers, I regress the on-the-run premium on fail rates of both securities and find
evidence consistent with the prediction. Second, the model predicts that greater inventory
uncertainty is associated with higher settlement fail rates. Because individual inventory
positions are not observed, I use aggregate inventory holdings as a proxy, which the model
rationalizes by showing that larger inventories reduce inventory uncertainty. Consistent
with this prediction, higher inventories are associated with significantly lower fail rates.
Because the on-the-run fail data are available at the maturity level, I confirm this finding
at the maturity level as well.

To summarize, I provide a theory that links on-the-run premia to settlement risk arising
from short selling. Settlement fails constitute an observable manifestation of this settlement
risk in the data and thereby provide information about how difficult it is to locate and
obtain a security. The observed fail rates may even understate the true settlement risk of
off-the-run Treasuries because securities with particularly high ex ante fail risk may not

be sold short in the first place.'* These avoided fails may in fact be the most costly ones,

12See Duffie et al. (2021) and Chaboud et al. (2025b).

13Fleming and Garbade (2002) document this pattern in the data. Chaboud et al. (2025) cite it as
suggestive evidence that larger issuance sizes may improve the liquidity of off-the-run securities, while
noting that it is puzzling that the effect appears to be concentrated in the off-the-run segment of the
market.

4Primary dealers hold, on average, a negative inventory position in on-the-run Treasuries and a positive
inventory position in off-the-run Treasuries (see Table 5 in the Appendix A.8.1). This finding is consistent
with the notion that dealers are more willing to short-sell on-the-run securities than off-the-run securities.



as sourcing a replacement security is likely substantially more difficult and expensive than

for a highly liquid on-the-run Treasury.'®

Related Literature First, my paper relates to the literature on on- versus off-the-run
assets with Vayanos and Weill (2008) as the main reference. They provide a theoretical
framework for the on-the-run premium where liquidity is self-fulfilling. The main limitation
the authors point out, is that their framework features two equilibria, each with the on-
the-run premium on either of two identical assets (representing the on- and off-the-run
asset). It does not explain why agents systematically concentrate on on-the-run securities.
I address this issue by incorporating the key dimension along which the two assets differ:
time since issuance. While time since issuance is the defining feature that distinguishes
on-the-run from off-the-run securities, it is typically absent from standard frameworks.
Also, Vayanos and Weill (2008) point to a decline in the relative effective supply of off-the-
run securities over time as a potential equilibrium-selection device for future research.'¢ I
show, however, that although a lower effective supply can amplify the on-the-run premium,
it is not required for the premium to emerge. Lastly, in Vayanos and Weill (2008), repo
contracts terminate when counterparties switch states.!'” I model repos as term contracts
that create settlement pressure at a specific point in time. This generates settlement risk
driven by inventory uncertainty, introducing a novel dimension to the theory of on- and
off-the-run securities.

A related paper building directly on Vayanos and Weill (2008) is Corradin and Mad-
daloni (2020). They examine how central bank purchases affect liquidity and specialness in
the repo market in the presence of short selling. They also provide evidence that older as-
sets with lower turnover are more likely to fail, consistent with my results. With respect to
theories linking specialness and bond market pricing there is for example Duffie (1996). In

Duffie (1996), consistent with this theory, higher specialness translates into higher prices.!®

15Tn the model, assets are sold short only up to a maximum fail probability; beyond that threshold,
short selling ceases.

16While they show that a lower supply of off-the-run assets could serve as a selection device, the static
nature of the model prevents it from capturing how effective supply declines over time and, consequently,
from showing how this mechanism could potentially give rise to a unique equilibrium.

I7Tf the borrower of the asset does not have the asset at hand when he switches state, he simply waits
until he can acquire it; if the lender switches state, the two counterparties part ways under the assumption
that cash collateral is seized.

8Specialness itself stems in Duffie (1996) from the inability, opportunity cost, or transaction cost of
lending an asset as collateral. It increases with this inability as well as with short selling demand and
liquidity in the form of lower transaction costs.



19 nor does his model include fail

Duffie (1996) is not about the on-the-run phenomenon,
risk, the main driver of specialness. Another example is Huh and Infante (2021) who
explain the relationship between repo specialness and bid-ask spreads in bond markets,
focusing on the role of leverage. Lastly, several papers study inventories in OTC markets,
including Cohen et al. (2024), Lagos et al. (2011), and Weill (2007). In contrast to my
focus, these models primarily examine dealers’ optimal inventory management.

Empirical work on the on-the-run premium includes, for example, Strebulaev (2002),
Goldreich et al. (2005), Graveline and McBrady (2011), and D’Amico and Pancost (2022),
each offering different explanations for why on-the-run premia arise.?’ Closest to my work
is D’Amico and Pancost (2022), who link the on-the-run premium in the spot market to
the risk of unexpected fluctuations in the collateral value of Treasuries in the repo market.
I also link the spot market premium to specialness in the repo market, and its magnitude
moves with specialness. However, none of these studies connect the premium to inventory
uncertainty and settlement risk.

Settlement risk has recently attracted increased attention in the financial literature.
For example, Lee et al. (2026) provide evidence that settlement risk is a priced friction in
currency markets and estimate that it increases currency excess returns by approximately
10 basis points. Related, the empirical literature on settlement fails in the Treasury market
includes Fleming and Garbade (2002, 2004, 2005), Fleming et al. (2014), and Fleming and
Keane (2016a, 2016b).?! T discuss settlement fails including the literature in the following
section.

The second part of the theory addresses the crisis and the current policy debate. Recent
work on this topic, especially on off-the-run liquidity and how to reform the Treasury
market includes Chaboud et al. (2025a, 2025b), Duffie (2020, 2023), Duffie et al. (2021),
Eren and Wooldridge (2021), Fleming and Keane (2021), He et al. (2022), Kashyap et al.
(2025), Schrimpf et al. (2020), Sokolinskiy (2025), and Vissing-Jorgensen (2021).

The structure of the paper is as follows: Section 2 describes the U.S. Treasury market,

YDuffie (1996) mentions, however, that on-the-run assets trade frequently special and also provides
numbers.

20Gtrebulaev (2002) suggests that the premium may reflect differences in tax treatment rather than
liquidity premia. Goldreich et al. (2005) distinguish between current and future liquidity and argue that
expected future liquidity, not just current liquidity, determines prices and is a significant driver of the
on-the-run premium. Graveline and McBrady (2011) link the premium to the demand for hedging interest
rate risk.

2INew literature on settlement fails in other markets includes for example Fleming et al. (2023) and Iyer
and Macchiavelli (2017).



with Subsection 2.1 focusing on trading structure and trading volumes and Subsection 2.2
on settlement fails. Section 3 contains the theoretical part of the paper. Subsection 3.1
describes the environment and Subsection 3.2 the maximization problems. Subsection 3.3
provides intuition for the main equilibrium. Subsection 3.4 presents the equilibrium, includ-
ing all results on the relationship between on-the-run premia, specialness and settlement
fail risk. Subsection 3.5 contains the discussion on scarcity and distribution, including an
extension on buy-and-hold buyers. Subsection 3.6 discusses welfare. Subsection 3.7 focuses
on the crisis and reform discussions. Section 4 contains the empirical part of the paper.
Subsection 4.1 derives two hypotheses from the theoretical results, which are tested and

analyzed in Subsection 4.2. Section 5 concludes.

2 Description of the Treasury market

In this section, I describe the U.S. Treasury market, its structure, and trading dynamics,
and provide evidence for the stylized facts highlighted in the introduction. A particular

emphasis is placed on settlement fails.

2.1 Trading structure and volumes

The Treasury spot market, particularly the dealer-to-client segment, is mostly OTC (Flem-
ing et al., 2018, Chaboud et al., 2025a). This means that there is no all-to-all trading at a
central venue and no central pricing.?? Depending on the security traded and the trading
counterparties involved, the degree of friction in the OTC market varies. For example,
dealer-to-dealer trading of benchmark on-the-run Treasuries on electronic platforms such
as BrokerTec is less frictional than interdealer and dealer-to-customer trading of the less
liquid off-the-run Treasuries intermediated on voice and more manually assisted electronic
platforms (Bessembinder et al., 2020, U.S. Department of the Treasury et al., 2015).%
On-the-run Treasuries are the most recently issued Treasuries of a given maturity, and
all previously issued Treasuries of the same maturity are referred to as off-the-run. As

Figure 2a shows, for 10-year Treasuries, on-the-run Treasuries trade at significantly lower

22Chaboud et al. (2025a) discuss the advantages and disadvantages of introducing all-to-all trading in
the U.S. Treasury market.

23The overall share of trading on all types of electronic platforms in the U.S. Treasury market is 70%
(Bech et al., 2016).



yields than off-the-run Treasuries with very similar?* cash flows and maturity dates.?> On-
the-run Treasuries also have higher prices and lower repo rates. D’Amico and Pancost
(2022) document that on-the-run Treasuries have on average a repo rate 19bp below the
general collateral repo rate. Specialness decreases to 9bp for the first off-the-run generation
and 5bp for the second and older bonds.?®

Also, despite being more expensive and far lower in outstanding amount, on-the-run
Treasuries trade in much larger volumes than off-the-run Treasuries, as shown in Figure
2b.%7 This is true whether I look at dealer-to-customer or interdealer and automated

trading system (ATS) trades.?®

2.2 Settlement fails

In this section, I discuss settlement fails in the Treasury market, which play a central role

in the subsequent analysis.

2.2.1 Overall fails

A surprising fact is that, on average, USD 33 billion of Treasuries are not delivered on
time to settle a contract each day.?? These events are commonly referred to as “settlement
fails”. Figure 3 plots the total value of daily settlement fails in Treasuries.

The OTC structure implies that there are search costs that can explain settlement

fails. In particular, search costs become relevant when financial contracts include delivery

24The term “very similar” refers to the fact that, in general, no two Treasuries in the market have
exactly the same cash flow and maturity date where one is on-the-run and the other is off-the-run. In fact,
if you want to compare Treasuries with the same overall maturity, it is impossible to do so. In practice,
therefore, one compares Treasuries with the same overall maturity using an estimated off-the-run yield
curve (see, e.g., the first figure in Christensen et al., 2017), abstracts from small differences in cash flows
and maturity dates, or compares on- and off-the-run Treasuries with the same maturity date that have a
different overall maturity (see, e.g., Christensen et al., 2020). In Figure 2a, as in Christensen et al. (2017),
the on-the-run yield is subtracted from the par yield of seasoned bills and notes.

25The data are taken from the FED yield curve, which is an updated version of the original
Girkaynak-Sack-Wright curve (Giirkaynak et al., 2010), https://www.federalreserve.gov/data/nominal-
yield-curve.htm, and the FRB-H15 Tables, https://www.federalreserve.gov /releases/h15/.

26Keane (1996) documents the specialness pattern over the on-the-run period of a Treasury. Specialness
first increases steadily before it decreases near the end of the on-the-run period.

2"Trading volumes in on-the-run and off-the-run Treasuries are the volumes reported to TRACE between
January 2024 to December 2025. The TRACE data is available here:
https://www finra.org/finra-data/browse-catalog/about-treasury/monthly-file.

28Gee Figure 1 in Barclay et al. (2006) for a graphical representation of how the trading volume collapses
on the day the Treasury goes off-the-run.

29This value represents the daily average over the period 2022-2025. The data are pro-
vided by the Depository Trust and Clearing Corporation (DTCC) and can be downloaded here:
https://www.dtcc.com/charts/daily-total-us-treasury-trade-fails. In times of stress, the daily value can
spike. For more information on settlement fails, see Fleming and Garbade (2005).



Figure 2: Yields and volumes

(a) On-the-run premium on 10-year Treasury notes (b) Trading volumes by segment
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Notes: The left figure shows the on-the-run premium for 10-year Treasuries. The right figure
shows the trading volumes for on- and off-the-run Treasuries separately in the Dealer-to-Customer
and Interdealer & Alternative Trading System segments. Source: a) FED and author’s calcula-
tions, b) TRACE and author’s calculations.

Figure 3: Daily settlement fails
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contract. Source: DTCC.

constraints. For example, to sell a particular Treasury short, it is borrowed using a special
repo and sold in the market today. It is called “special” because the collateral of the

repo is fixed (even before the rate is negotiated) and determined by its number, called

10



ISIN or CUSIP.?® The next day, a Treasury with the same ISIN or CUSIP is bought in
the spot market, preferably at a lower price than it was sold for on the previous day, and

31 If such a Treasury cannot be found, a

returned to the lender in the repo transaction.
settlement fail occurs. The intended recipient does not pay (or deliver its leg) until the
failing counterparty delivers the security. In addition, the borrower of the Treasury in
the repo transaction pays a penalty, the Treasury Market Practice Group (TMPG) fail

charge.??

2.2.2 Fails in on- and off-the-run assets

Figure 4 plots the share of on-the-run fails relative to total fails. The data stemming
from the FEDs Primary Dealer Statistics include outright transaction and financing fails
and both fails to deliver and receive. The series is available at weekly frequency and is
aggregated to monthly averages.®® The figure shows that the share of on-the-run fails is
slightly above 10% on average3*, but exhibits pronounced spikes at certain points in time.
One can show that these spikes typically coincide with spikes in off-the-run Treasuries.
The spikes in on-the-run Treasuries are consistent with the occurrence of so-called daisy
chain fails, which are more prevalent for on-the-run securities. In such cases, one fail
can trigger subsequent fails as trades are linked within a settlement chain (Fleming and
Keane, 2021). Fleming et al. (2014) and Fleming and Keane (2016a) show that gross fails
are much higher in seasoned Treasuries (issued more than 180 days ago) than in others
(including on-the-run Treasuries). Fleming et al. (2014) also write in 2014 that fails in
well off-the-run securities have risen steadily, with notable quarter-end spikes.®® Figure 4
additionally shows a sharp increase in off-the-run fails from 2014 to 2018, while on-the-run
fails remained stable over this period. More recently, between 2021 and 2022, off-the-run

fails again experienced prolonged episodes of significant growth. In both episodes, daily

30As pointed out earlier, these repos may have a rate that differs from the general collateral rate.

31Note that arbitrage to exploit the price difference between on- and off-the-run Treasuries involves short
selling, but is mostly absent as relatively expensive Treasuries also have lower repo rates (Krishnamurthy,
2002).

32For more information on the TMPG fail charge, see https://www.newyorkfed.org/tmpg and Garbade
et al. (2010).

33As the Federal Reserve’s Primary Dealer dataset does not report fails for on-the-run Treasury bills,
the estimated share may be slightly understated. Also, the share is not an exact measure. This is mainly
because one part of the time series used in the calculation is an average over the reporting week and the
other part of the time series reports a value as of the reporting weekday.

34The median is 10% and the mean is 11%.

35While this may reflect increased balance sheet management around reporting dates, the upward trend
appears to predate the binding regulatory changes often cited as its cause.
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fails increased from about USD 10-20 billion to as much as USD 70 billion.

While fails in off-the-run Treasuries are only available in aggregate, Figure 5a zooms
in on on-the-run fails and decomposes their value by maturity.® Fails were elevated in
2022 and 2023. The series also exhibits sharp, short-lived spikes, particularly in the 10-
year Treasury. This is not surprising, as the 10-year bond is, even within Treasuries,
an important benchmark maturity, serving as a widely used reference rate for pricing
other assets and assessing economic conditions, and is also among the most heavily traded
securities (FRED, 2026, Fleming and Ruela, 2020, Carlson, 2026). In addition, in 2020
the 20-year maturity was reintroduced, which displays similar spike patterns although for
other reasons (Fleming and Ruela, 2020).%7

Figure 5b shows the fail rate, which is calculated by dividing the value of Treasuries
that failed to be delivered on time by the value of all Treasuries traded. Interestingly, the
fail rates differ depending on whether a Treasury is on- or off-the-run, and Figure 5b shows
that fails involving on-the-run Treasuries are less frequent than those involving off-the-run

Treasuries.?®

3 Theory

In the theoretical part of the paper, I develop a dynamic model of the U.S. Treasury market
to explain how settlement risk impacts spot prices, repo rates and liquidity and why the
impact is different for on- and off-the-run Treasuries. I distinguish between two potential
drivers of settlement risk: the relative supply of an asset and its cross-sectional distribution
in the inventories of market participants. Using the model, I also analyze a crisis scenario
and examine the implications of several policy proposals that have either recently been

implemented or are currently under discussion. Finally, the model provides the foundation

36The data are from the FED’s Primary Dealer Statistics. The data include outright transaction and
financing fails to deliver and receive by primary dealers. The series is available at weekly frequency and is
aggregated to monthly averages. For outlier correction, I exclude the top 5% of the observations.

3"The U.S. Treasury brought back the 20-year bond to expand financing capacity and create an ad-
ditional liquidity point along the yield curve. However, early evidence suggests that its trading activity
is considerably lower than that of other on-the-run securities and that its liquidity is more comparable
to that of the 30-year bond. This may help explain why this maturity also exhibits relatively high fail
volumes (Fleming and Ruela, 2020).

38The data are from the FED’s Primary Dealer Statistics. They include outright and financing fails.
The median fail rate for on-the-run Treasuries is 0.36% and the median fail rate for off-the-run Treasuries
is 0.59%. The rates are not an exact measure. This is mainly because one part of the time series used in
the calculation is an average over the reporting week and the other part of the time series reports a value
as of the reporting weekday. Each series is outlier adjusted. The highest 5% of values are excluded and
values need to be non-negative.
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Figure 4:
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(a) Settlement fails in on-the-run Treasuries

Figure 5: Fails in on- and off-the-run Treasuries
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(b) Fail rates in on- and off-the-run Treasuries

Settlement fail rates

R M A S
SN ¥

+ , * offthe-run
on-the-run

14 16

26

The right

figure shows the percentage of Treasuries that failed to settle separately for on- and off-the-run
Treasuries. Source: FED and author’s calculations.

for two hypotheses that are tested in the subsequent empirical analysis. First, it delivers

a joint sign restriction: higher fail rates of off-the-run Treasuries are associated with an

increase in the on-the-run premium, whereas higher fail rates of on-the-run Treasuries are

associated with a decrease. Second, the model predicts a positive relationship between
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inventory uncertainty and settlement fail rates.
Appendix A.1 provides an overview of the notation used throughout the paper, includ-

ing all parameters and equilibrium objects.

3.1 The environment

I use a two-period model. Each period consists of two subperiods, denoted by t € {1, 2}.
For simplicity, there is no discounting across periods.

There are two kinds of financial assets: two-period assets maturing after two periods,
and one-period assets maturing after one period. Assets pay a coupon ¢ at the end of each
subperiod and are storable and divisible. Two-period assets are issued at the beginning
of the first period. We refer to them as on-the-run in the first period and off-the-run in
the second period, after which they mature. Assets in a given period are indexed by 1.
We denote the two-period assets in the first period by ¢ = e and in the second period by
1t = f. One-period assets are issued at the beginning of the second period and mature
after this period. We refer to them as on-the-run, and we denote them by i = n.3? The
letters n and f refer to the assets’ on-the-run and off-the-run states, respectively. I will
refer to them henceforth as the on-the-run asset and the off-the-run asset. The two-period
asset maturing in two periods is also on-the-run in period 1, but its state is not relevant
to the analysis. Figure 6 provides an overview of the timeline. In the second period the
two assets are identical in terms of maturity date and coupons. The only difference is the
issuance date. Therefore, I compare the prices of these two assets in period 2 to measure
the on-the-run premium.’

In addition to assets, agents can transfer utility by producing and consuming a general
good (more details below). Since this good is used to settle trade, it is natural to call it
money.*!

There are two types of agents: spot traders and dealers. Each spot trader is endowed

39The terms on-the-run and off-the-run are used here as terminology, even though no new generations of
assets of the same kind are issued in the model. One can think of new issuance taking place, but this does
not affect the analysis. The key distinction is that on-the-run assets are newly issued, whereas off-the-run
assets have already been on the market for some time.

40The two assets have the same cash flow to maturity and the same maturity date as in Vayanos and
Weill (2008) and Pasquariello and Vega (2009). See also, for example, Christensen et al. (2020) for how
the premium can be measured.

41 This is similar to Lagos and Wright (2005), where a good can be consumed and produced with linear
utility and disutility. It is used to adjust money balances, and money serves as a medium of exchange. To
minimize the use of notation I directly use the good as a medium of exchange in my set-up.
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Figure 6: Assets

Period 1 Period 2

2-period asset

| T |
on-the-run (e) off-the-run (f)

1-period asset

on-the-run (n)

Notes: The figure provides an overview of the assets available over the entire time horizon. Two-
period assets are issued at the beginning of the first period; they are on-the-run in the first period
(denoted by i = e) and off-the-run in the second period (denoted by i = f), after which they
mature. One-period assets are issued at the beginning of the second period, are on-the-run, and
are denoted by ¢ = n.

with one two-period asset at the beginning of the first period and one one-period asset at
the beginning of the second period. Spot traders can be divided into two subtypes: buyers
(B) with mass 1, and sellers (S) with mass o € (0,1).** They all derive linear utility from
coupons but differ in the (in)convenience value they obtain from holding assets. Their per-
asset utility (coupon plus (in)convenience) is as follows: At the end of the first subperiod,
sellers receive utility 6' < & per asset they hold, while buyers receive §* > §. At the end
of the second subperiod, sellers receive §, while buyers receive §' < §.43 All spot traders
have linear disutility from spending and linear utility from acquiring money, both with a
marginal rate of one, and can spend and acquire money at any time.

Dealers have mass 20. They derive utility 0 from the coupons accrued from holding
assets (with no additional (in)convenience) and have linear utility from spending money
with a marginal utility of one. In each first subperiod dealers can borrow money, but
cannot otherwise acquire it. In the second subperiod they pay interest at rate 7 on the
amount borrowed.

There are also two types of markets: spot markets and repo markets. In each subperiod,

42Tn equilibrium, this imbalance between buyers and sellers induces heterogeneous trading histories and
asset inventories, as not all trading demands can be satisfied at all times. The resulting dispersion in
trading outcomes could, however, also arise from other market frictions.

43For full symmetry, one could assign a utility of 6" to the seller in the second period. This is not
necessary, however, and valuing the asset based on the coupon ¢ simplifies the analysis without loss of
generality.
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a repo market takes place, with one spot market preceding it and one spot market following

it. Figure 7 gives an overview.

Figure 7: Markets per period

Spot Repo Spot

Spot Repo Spot

| Subperiod 1 Subperiod 2 |
A period

Notes: The figure provides an overview of the sequence of markets within a period.

In every spot market dealers are randomly matched with either a seller or a buyer.
The matching is persistent across periods and subperiods, so that each dealer is always
matched with the same type (but not agent) over the entire time horizon.** We refer to
dealers matched with sellers as D° and those matched with buyers as DZ. The two dealer
types differ only in the type of counterparty with whom they are matched. Otherwise,

dealers are identical in all characteristics and preferences. Figure 8 gives an overview.

Figure 8: Matching in the spot markets

Notes: In the spot markets dealers are either matched with sellers S or with buyers B. We call
the dealers matched with sellers D° and the ones with buyers DZ. Each dealer is always matched
with the same type over the entire time horizon.

In each subperiod, D°-S and DP-B pairs trade with each other once. In the first

44This assumption is made for simplicity, as otherwise the probabilities of meeting another type in the
future would need to be taken into account. While this would considerably complicate the analysis, it
would not add any economic insights.
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and last spot market (outer markets) of a period, D°-S pairs trade. In the second and
third spot market (middle markets) of a period, DP-B pairs trade. Matched pairs trade
assets against money, while other agents cannot trade. When trading, pairs maximize joint
surplus and bargain over the price (Kalai bargaining). Trade occurs if the joint surplus is
(weakly) positive. For tractability I assume that maximally one asset of each type i can
be traded per matched pair in a given subperiod. Dealers matched with sellers (D®) have
bargaining power ¢ < 1, whereas dealers matched with buyers (D?) have full bargaining
power.*® The bid price denotes the price at which a dealer purchases an asset, while the
ask price denotes the price at which the dealer sells an asset. The bid price of asset i in
subperiod t is denoted by Pti’b, and the corresponding ask price is denoted by Pti’“. The
traded quantities are denoted by Ai’b and A, Dealers can buy at most one unit of each
asset ¢. Payments settle on a deferred net basis, so cash obligations are not immediate
but instead aligned at settlement (see for example McLaughlin, 2023). As a result, initial
financing at rate 7 can effectively be replaced by cheaper funding, for instance by repoing
out the asset. I will denote the surplus of the dealer D® (D?) when trading asset i € {n, f}
in subperiod ¢ in the spot market by StD S (StD B’i). The analogous surpluses for the buyer
B and seller S are SP and Sts .

In the repo market, dealers trade repo contracts with each other as follows: In the
first repo market of a period, dealers of type D° and D? are randomly matched with
each other. They maximize their joint surplus by choosing the amount of repo contracts
they trade. A repo contract is a pair (i,7"), where one unit of asset 7 is exchanged for
cash in the first subperiod of a period. The transaction is reversed in the repo market
in the second subperiod, and the interest rate r is paid on the borrowed cash. The repo
rate is determined through bargaining (Kalai bargaining), where dealers of type D* have
bargaining power 6 > 0. The amount of cash exchanged is given by P/" " that is, the asset is
valued at its current ask price in the spot market. (If no ask price is available because trade
has ceased, the asset is valued at an exogenously specified price P.) Coupons accrue to the
cash borrower, who remains the legal owner of the collateral during the repo transaction.

If the cash lender fails to deliver the collateral when the transaction reverses, the lender

45 Assuming full bargaining power simplifies the analysis considerably while preserving all relevant chan-
nels. First, a buyer is indifferent as to whether he sells the asset in the future because his surplus from
selling is zero. Second, under partial bargaining power, the short-selling dealer would demand a higher
price for the off-the-run asset than for the on-the-run asset in equilibrium due to a higher probability of
settlement fail (see below), thereby blurring the main channel driving the on-the-run premium.

17



must fully compensate the cash borrower with a fail compensation C*, which equals the
prevailing spot market ask price of the asset at the time of the fail.*6 We denote by P*
the endogenous probability that a fail to deliver occurs in asset ¢, conditional on it being
repoed out. I assume that cash borrowers are always committed to deliver the cash leg
at settlement. Trade in the repo market occurs if the joint surplus of matched dealers is
weakly positive, and the amount of repo contracts traded in asset ¢ by matched dealers
is A%. T assume that matched dealer couples can maximally trade one repo contract per
asset i per period to facilitate tractability. The surplus of the dealer D (D?) when trading

asset i € {n, f} in subperiod ¢ in the repo market is denoted by S,?S” (SgB’i).

3.2 Maximization problems

This subsection discusses the maximization problems and their solutions. I focus in this
section on the second period, as it is the relevant period for the comparison between on-
the-run and off-the-run securities. The maximization problems for the first period are very
similar and presented in Appendix A.3.2. To solve the model, it will be useful to define
Pmazi wwhich will be the maximum ex ante fail probability a dealer tolerates under which

he still sells an asset short. While the probability is derived later, I already present it here.

Definition 1. The maximum ex ante fail probability in the second period is defined as

prmazn — ]Pmax,f — (5h_5)+77(l5h+5l)
= R S

Second, I assume that 7 is in equilibrium sufficiently low for dealers such that it does
not prohibit trade and that settlement failure with certainty is never an optimal strategy.

More specifically, I assume the following:
Assumption 1. 0 <7 < (§ — 6" — ') /[2(6" + &)].

In addition, traded quantities are restricted to the interval [0, 1]. It is straightforward

to show that reversing the direction of trade is never optimal.

46In equilibrium (characterized later), this payment fully compensates the non-failing dealer, D*, for
the utility loss resulting from its inability to sell the asset after receiving it back. Absent a settlement fail,
the dealer would have sold the asset at the prevailing spot market ask price. We assume full compensation
for simplicity. The compensation implies a linear disutility for the cash lender in equilibrium. I leave the
exact interpretation of the compensation open. Next to be interpreted as a monetary compensation, it
could be other economic costs associated with a settlement fail, including search costs and premiums paid
for substitute securities.
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Lastly and importantly, I assume that in the second period, on- and off-the-run assets
are bargained over separately, even when both are traded within the same trading coun-
terparties. It does not make any difference as there is no benefit to bundling trades, as
all costs and benefits in the model are linear. This goes hand in hand with the aim of
determining the prices of individual assets rather than the price of a bundled portfolio.

In the second period, I concentrate on the two key optimization problems: the repo
market problem and the first spot market problem at the beginning of the period. The
latter is the source of the on-the-run premium. Figure 9 gives an overview. All other
maximization problems are straightforward and serve primarily to close the model. It
suffices to note that, whenever the fail probability of an asset is below the corresponding
threshold, P* < Pma%¢ one unit of the asset is traded in all markets. Figure 9 reports
the corresponding equilibrium prices (except for the markets discussed below). They are
identical for both assets. P®" = (6" 4+ 6') and P?" = §' can be explained by the fact that
the buyer has no bargaining power, so prices reflect his valuation of the assets. Py L=
because both D% and S value the asset only for its final coupon, and the price therefore
equals that coupon. I relegate the discussion of the corresponding maximization problems

to Appendix A.3.1.
Figure 9: Overview markets

1%t Subperiod  27¢ Subperiod

- - - A
® ©® ® O

Lst spot mrkt Pyt =4
SONNGOC

Repo mrkt P fail i Repo settlement
Pi = (5" + o) Py =g
é@@b@@@@
A - A A A - - A
A ﬁ A ﬁ for i € {n, f}

Notes: The figure provides an overview of the timing of markets within a period, illustrated here
for the second period. If the fail probability of an asset is below the maximum fail probability,
P! < PM3%¢ one unit of the asset is traded in all markets, and the figure shows the corresponding
prices for ¢ € {n, f} (except for the markets described below).
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3.2.1 Repo market in the second period

Although the first spot market precedes the repo market in the sequence of transactions,
I analyze the repo market first and the first spot market afterwards because the model
is solved by backward induction. I begin by focusing on the equilibrium in which dealers
optimally establish short positions in all assets and all assets remain actively traded. This is
the case whenever P! < Pma%¢ for all assets ¢ € {n, f}. The threshold P™# is derived from
the dealer’s short-selling decision in the second spot market. Since this threshold is the only
result from the remaining optimization problems that is needed for the characterization of
the repo rates and spot prices driving the on-the-run premium, the remaining optimization
problems are as mentioned relegated to Appendix A.3.1. Let us define Mj = P A%, given
our assumption that collateral assets are valued at the current spot market ask price during
the repo transaction. For an arbitrary asset i € {n, f} satisfying P! < P™®% the bargaining

problem between dealer D° and dealer D in the repo market is

max  (Sp> 4+ SEPY st Sp = 0(Sp% + SEP
0<AL <1,

with

S5 — (= r)Mj,

Sp”t=r'Mp+ [P - (1-P)P) —PCAp oA,

TV
expected short selling surplus in spot market

The surplus of a dealer meeting a seller (Sgs’i) is straightforward: by lending out the

asset in the repo market, he replaces his funding cost ¥ with funding at the repo rate r’.
The surplus of a dealer meeting a buyer (SgB’i) consists of the repo interest earned on
the cash lent and the expected gains from establishing a short position. These gains equal
the proceeds from selling the asset in the spot market at the current ask price P;' " minus
the cost of covering the short position in the next subperiod. With probability 1 — P?, the
dealer successfully buys back the asset at the prevailing spot market bid price P2b *and
covers the short position. With probability P*, however, the dealer fails to obtain the asset

and must compensate the cash borrower by paying the fail compensation?” C* = Py’ =5

47TBy assumption, the compensation payment is equal to the prevailing spot market ask price of the
asset at the time of the fail. In equilibrium, this fully compensates the non-failing dealer, D, for the
loss resulting from its inability to sell the asset. Absent a settlement fail, the dealer would have sold the
asset at the prevailing spot market ask price, Py"", which equals the value of holding the asset to maturity.
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In addition, because D® remains the legal owner of the asset throughout the repo term,
D® must compensate him for the accrued coupon payment §, consistent with standard
repo market practice.

The solution to the bargaining problem implies that dealer D” borrows all assets 7 from
D% against the corresponding cash value M%. The exchange of the entire asset position
maximizes the gains from trade. The repo rate r® redistributes these gains according to the
bargaining power and outside options of the parties to the trade. The resulting equilibrium
allocation is given by A% = 1 (the surplus is positive given that P* < P™#%%) while the
equilibrium repo rate is

) PY (1 —PHYPY _Pigi — §
ri— (1 - g)r — g )af .
P17

We first analyzed the case in which short selling is profitable. We now consider the
complementary case. For any i € {n, f} such that P! > P™a¢ gshort selling is not prof-
itable (see Appendix A.3.1, second spot market maximization problem). In this case repo
trade still occurs, but the repo rate equals the prefinancing rate, 7. The corresponding

maximization problem and its solution are relegated to Appendix A.3.1.

3.2.2 First spot market in the second period

Having characterized the equilibrium repo rate, we can now return to the first spot market
of the second period. The repo rate affects the gains from trade and therefore the spot
market equilibrium.

In the first spot market of the second period, the bargaining problem between dealer

DS and seller S for each asset i € {n, f} is

DS, S,i DS,i DS,i S,i
max  S70+ S st SU = 04SPV + ST
o<abi<1,plt

with

SP™ = —r M, + (20 — PP AV,
SP = (PP — 8t — §) A

Therefore, C* = Py " = §. See Section 3.1 and Appendix A.3.1 for details. Full compensation is assumed
for simplicity.
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f) S’i) can be explained as follows: The

Concentrating first on dealer D°, its surplus (S
dealer D® buys the asset at the spot market bid price Plb * and receives the value of two
coupons, equal to 24, from the asset.*® Although the trade is prefinanced at rate 7, it will
ultimately be financed at the asset specific repo rate r* which is therefore the relevant rate
to calculate the surplus. The surplus of the seller (SIS ") is the price she receives for the
asset, Plb  minus her current and future valuation of the asset, 6 and 4.

The solution implies that the counterparties exchange the entire asset position, which
maximizes the gains from trade, and bargain over the spot market price. The solution
is A% =1 for the quantity®® and PP = § + 096" 4+ (1 — 04)(—riP™" + §) for the price.®
We can see from the solution that different repo rates translate into differences in spot

market prices, a mechanism that will become important for the emergence of the on-the-

run premium.

3.3 Model Intuition

Before presenting the theoretical results, I provide intuition for the model and the main
equilibrium by focusing on the two-period asset. The corresponding intuition for the one-
period asset follows immediately. I first describe the dynamics in the first period and then

those in the second period.

3.3.1 First period

At the beginning of the first period, all buyers and sellers are endowed with one unit of
the two-period asset. Figure 10 illustrates the sequence of spot and repo transactions in
the model. In the first subperiod, a seller S trades with a matched dealer D® in the spot
market. Gains from trade arise because sellers temporarily have a lower valuation of the
asset than dealers (0! < §). In addition, dealers can use the asset as collateral in the repo
market. Dealer D initially finances the purchase at rate 7, but subsequently repos out the
asset to another dealer D?, allowing him to replace this funding with repo financing. The

repo transaction itself generates surplus because dealer D can subsequently sell the asset

48This holds even if he is going to resell it the next period as the reselling price equals the coupon. See
Appendix A.3.1.

49Given r* < 7 and Assumption 1, r* is never too high to prohibit trade and the joint surplus is always
weakly positive.

50We do not have to distinguish if P? < P™%¢ holds for asset i or not. The problem and the solution
are the same.
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short to a buyer B in the spot market. Buyers are willing to purchase the asset because
they currently have a high valuation, and because they can obtain cash at a zero interest
rate. The repo rate is determined through bargaining between the two dealers and reflects
the surplus generated by the short sale.

In the second subperiod, valuations reverse. Dealer D? reacquires the asset from a
matched buyer in the spot market and realizes a profit from the intertemporal price dif-
ference. The repo transaction is unwound as dealer D® returns the collateral and receives
back the cash plus interest. Dealer D® then sells the asset to a seller S whose valuation

has again increased.

3.3.2 Second period

The sequence of transactions in the second period is identical. The crucial difference is that
the two-period asset has now become seasoned. Ownership of the asset is no longer evenly
distributed across buyers. Although aggregate holdings remain unchanged, the distribution
of asset holdings across market participants has become unequal. This inventory dispersion
creates uncertainty about the location of the asset in the economy. As a result, a dealer that
has sold the asset short may not always be able to reacquire it before settlement. These
settlement fails are non-strategic: they arise not because agents intentionally choose not
to deliver, but because the asset cannot always be located through the matching process.

As long as the probability of a fail remains sufficiently small, short selling continues to
be profitable in expectation. Nevertheless, fail risk reduces the value of the asset as repo
collateral. Dealers accepting the collateral therefore require compensation in the form of
a higher repo rate. Equivalently, cash borrowers must pay a higher borrowing cost when
pledging the asset as collateral. The increase in repo financing costs is transmitted to the
spot market. Anticipating higher financing costs, dealers are willing to pay less for the
asset in spot transactions. Consequently, settlement risk lowers the spot price of the asset.

The example above focuses exclusively on the two-period asset. In the full model, a
newly issued one-period asset also trades in the second period and serves as the on-the-run
security. While both assets have identical remaining cash flows and maturity, only the
seasoned off-the-run asset is subject to inventory uncertainty generated by past trading
activity. Consequently, the off-the-run asset trades at a lower price than the newly issued

asset, giving rise to an on-the-run premium. The next section characterizes the equilibrium
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Notes: This figure provides intuition by focusing on the two-period asset. In the first period,

buyers’ inventories are identical.

In the second period, buyers still hold the same aggregate

quantity of the asset, but their individual inventories differ. These differences give rise to inventory
uncertainty and can lead to settlement fails when the asset is sold short. In equilibrium, this
uncertainty increases the repo rate and reduces the spot price of the asset.



and shows how this difference gives rise to distinct repo rates and prices across the two

securities.

3.4 Equilibrium equations

This section presents the main equilibrium, characterizes the relationships among the key

equilibrium objects, and establishes the foundational results of the model.

3.4.1 Definition

I define an equilibrium as follows.

Definition 2. An equilibrium consists of spot market quantities and prices
{A8 Al pet Ptb’i}i’t, repo market quantities and repo rates { A%, r'};, and settlement fail

probabilities {P'}; for assets i € {e,n, f} and subperiods t € {1,2} such that
1. all agents solve their respective maximization problems; and
2. settlement fail probabilities are consistent with the equilibrium inventory distribution.

I mainly focus on equilibria where there is short selling in all assets. I call those
equilibria short selling equilibria. In Appendix A.4, I additionally discuss an equilibrium

in which only on-the-run assets are sold short, the only other equilibrium that exists.

Definition 3. A short selling equilibrium is an equilibrium where P* < P™% for all i.

3.4.2 Spot and repo market price relations

The bid and ask prices and the repo rates in the short selling equilibrium for the on- and

off-the-run assets are summarized in the following lemma.

Lemma 1. In the short selling equilibrium, the spot market prices for i = {n, f} are

Pyt =,
Py =4,
PP ="+ 4,

PPt =6+ 0%" + (1—0%)(6 — r' P,
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and the repo rate fori = {n, f} is

1

r = (L= O+ 0[P - 8) - (0" 9)] 5.

Proof. See Appendix A.2.1. m

All prices depend on the coupon 6 the assets pay and their (in)convenience to buyers
and sellers. In addition, the bid price in the first subperiod also depends on the bargaining
power of the dealer #? and on the repo rate r*. The lower the repo rate for asset i, the
higher the bid price the dealer is willing to pay. This reflects that assets with higher
collateral value command higher prices, as agents are willing to pay more for assets that
imply lower repo rates when pledged.

The repo rate itself is lower when the asset can be easily sourced. This means that
the higher the probability that a dealer who shorts the asset can locate it and avoid a
settlement fail (i.e., the lower P?), the lower the repo rate. Also important to point out is
that the repo rate depends positively on the ceiling rate © which is the rate of the outside
option for cash funding.?

In summary, repo rates directly influence spot market prices, while the probability of

locating the asset and avoiding settlement fail determines repo rates.

3.4.3 On-the-run premia, specialness and fail probabilities

In this paragraph I discuss how on-the-run premia, specialness, and liquidity are linked
with each other and how they depend on settlement fail probabilities. For this I first define
them.

Definition 4.

- The average spot market price for any asset i is defined by P' = %(Pla’i +P1b’i —i—P;’i—i-
PyY).

- The average bid-ask spread for any asset i is defined by ba' = %[(Pf” — le) + (P —
P,")).

- Specialness in the on-the-run asset is defined by s = v/ — r™.

51The repo rate 7% is never higher than the ceiling rate 7 in the short selling equilibrium. This follows
from P? < P™a%:% for all j.
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- The on-the-run premium is defined by A = P" — PT.

Given these definitions, it is straightforward to derive specialness, the on-the-run pre-
mium, and bid-ask spread differences in the short selling equilibrium. I derive the following
proposition, which characterizes their equilibrium values and shows how they depend on

differences in fail probabilities.

Proposition 1. Iff P/ > P»

- the repo market exhibits positive specialness in the on-the-run asset, s = (P/ —
6(6—¢"
P52 > 0,

- the spot market exhibits a positive on-the-run premium, A = $(1—60%)(6"+46") s > 0,

- the off-the-run asset has a higher bid-ask spread than the on-the-run asset, (ba' —
ba") = $(1 — 6%)(6" + ")s > 0

in the short selling equilibrium.
Proof. See Appendix A.2.2 O]

According to Proposition 1, a lower fail probability implies that the on-the-run asset
trades “special” in the short selling equilibrium. This is consistent with the data: on-the-
run U.S. Treasury securities frequently trade “on special” in repo markets, with repo rates
significantly below the general collateral rate (D’Amico and Pancost, 2022).

The resulting financing advantages are capitalized into higher spot prices. The pre-
vious subsection showed that lower repo rates translate directly into higher spot market
prices. Proposition 1 further establishes that, in the short selling equilibrium, differences
in repo rates—captured by the specialness of the on-the-run asset—translate into an on-the-
run premium in the spot market. The close link between specialness and spot prices is
also documented by D’Amico and Pancost (2022), who show that a special collateral risk
premium explains around 80% of the on-the-run premium. Duffie (1996) likewise presents
a model in which specialness is linked to spot market prices.

To provide further insight into the relationship among the model’s endogenous variables,
I report representative values from the data. According to D’Amico and Pancost (2022),

average specialness across all coupon-bearing maturities, corresponding to s in the model,
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is 19 bp. In addition, Table 5 in Appendix A.8.1 reports summary statistics for the on-the-
run premium and fail rates. The average on-the-run premium across all coupon-bearing
maturities, corresponding to A, is 2.6 bp, although it exhibits substantial variation over
time. Figure 1 shows that the premium can exceed 30 bp during periods of market stress,
such as the Covid crisis. The average values of P/ and P are 67 bp and 41 bp, respectively.
Finally, Chaboud et al. (2025b) report average bid-ask spread differences between on- and
off-the-run Treasuries corresponding to (ba’ — ba™) in the model. For example, for the
10 year sector, they report an average bid-ask spread of about 2 bp for the on-the-run
Treasury and about 7 bp for the fifth off-the-run generation, implying a difference of 5 bp.
Given that the model predicts a bid-ask spread difference equal to twice the size of the
on-the-run premium, this number is in line with the model. The difference is similar for
the 2 year and 5 year sectors, while bid-ask spread differences widen substantially at the
long end. Moreover, the differences can increase markedly during periods of market stress.
For example, in the 10 year sector, the bid-ask spread difference rose to roughly 26 bp in
March 2020.

3.4.4 Settlement fails

In this paragraph I link the probability to fail with the actual fails. I define the mass
(and therefore also the share) of buyers B who have a lower inventory of asset i at the
beginning of the second subperiod than the amount of asset i sold short (i.e. repoed in
and sold) by each dealer D in the preceding subperiod by si. I refer to these inventories
as fail inventories in asset i. By definition, a fail in asset i occurs if the dealer D® who
sold short asset ¢ in the first subperiod meets, in the second subperiod, a buyer who has a
fail inventory in asset ¢. This implies that P* = s}. I define the number of fails in asset i

by F* > 0 and derive the following lemma:
Lemma 2. 1> s} >0 if F' >0 and F" > 0 if P > 50 > 0 for all i.
Proof. See Appendix A.2.3 O

The first part of the lemma says that for fails in asset ¢ to occur, there must be a
positive mass of fail inventories in asset ¢ and a non-degenerate distribution of inventories
over asset i. The second part of the lemma states that if failing in asset 7 is not too

probable ex ante, but the probability is also not zero, then fails occur.
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It is important to highlight that a non-degenerate distribution of inventories over asset ¢
is necessary for fails in asset 7, yet no notion of scarcity or similar has been introduced up

to this point. I discuss scarcity in Section 3.5.2. Next I derive the fail rates.

Corollary 1. In the short selling equilibrium P/ = [o0(1 — 0)]*> > P* =P = 0.

Proof. See Appendix A.2.4 O
Based on this corollary I prove the following:

Corollary 2. In the short selling equilibrium A > 0 iff F/ > F™. This condition is

satisfied in the short selling equilibrium.
Proof. See Appendix A.2.5 O]

A positive on-the-run premium arises in the short selling equilibrium only if there are

52

more fails in off-the-run assets than in on-the-run assets, which is indeed the case.”* In

the short selling equilibrium, F* = P* for all 4, since the condition P! < P™a%¢ holds for
all 7, implying that dealers sell every asset ¢ short. Consequently, there are more fails in
off-the-run assets than in on-the-run assets, i.e., Ff > F™. This is consistent with the

empirical evidence presented in Section 2.2.

3.4.5 Existence and uniqueness

For completeness, I finally establish the existence and uniqueness of the short selling equi-

librium when P! < P™%¢ for all i € {e, f,n} by building on the preceding results.

Lemma 3. If P! < P for all i € {e, f,n}, then a short selling equilibrium exists and

18 the unique equilibrium.

Proof. See Appendix A.2.8 m

3.4.6 Calibration

Corollary 1 implies that (P/ — P") = [0(1 — ¢)]2. This relationship allows the underlying

friction o to be inferred from observed values of (P/ —P"). Figure 11 plots this relationship.

52For simplicity, there are no settlement fails in on-the-run assets in the model. As most results are
framed in terms of their dependence on P, it is straightforward to conjecture the effect of on-the-run fails.
Their impact would arise through an increase in P", affecting the results through this channel.
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Figure 11: Calibration
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Notes: The figure shows the values of (Pf —P") over a range of values of 0. The average observed
value of (IF’f —P") in the data is 25 bp, which corresponds to o = 0.95. The maximum observed
value is 109 bp, corresponding to o == 0.88.

Using the same data as in Figure 5b over the period from April 2013, when the on-
the-run series begins, to the end of 2025, the average value of (P/ — P") is 25 bp. This
corresponds to a value of o of approximately 0.95. This is a plausible value, as one would
expect only small imbalances between buyers and sellers in the market. The exercise
nevertheless demonstrates that even modest imbalances can generate the settlement fail
differentials observed in the data. The maximum fail rate differential observed in the
sample is 109 bp, which implies a value of ¢ of approximately 0.88. This corresponds to a
market imbalance of slightly more than 10%.53

In addition to this calibration exercise, Appendix A.7 uses simulated endowment and
trade allocations to show how different auction allocations affect settlement fails and can
rationalize the delayed transition to benchmark (“on-the-run”) status employed by some

smaller sovereign issuers.

53There is also a range of low values of o (below 0.15) that can generate the observed fail rate differen-
tials. These values imply very large imbalances between buyers and sellers and are therefore considered
implausible and excluded from the calibration.
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3.5 Distribution and relative supply

This section examines the role of relative asset supply in determining equilibrium outcomes.
The motivation is the frequently proposed view that the relative lower supply, i.e. scarcity

of off-the-run securities is an important driver of the on-the-run premium.

3.5.1 Distribution

First, I show that a more unequal distribution of the off-the-run asset relative to the on-
the-run asset is necessary and sufficient for a positive on-the-run premium. The concept

of a more unequal distribution is defined as follows.

Definition 5. An asset | is more unequally distributed than an asset k if the buyers’
wmventory distribution of asset | is non-degenerate at the beginning of the first subperiod,

whereas that of asset k is degenerate by assumption.
Using this definition I derive the following proposition.

Proposition 2. In the short selling equilibrium A > 0 iff the off-the-run asset is more
unequally distributed than the on-the-run asset. This condition is satisfied in the short

selling equilibrium.
Proof. See Appendix A.2.6. m

Proposition 2 shows that a more unequal distribution in off-the-run assets relative to

on-the-run assets is necessary and sufficient for a positive on-the-run premium.

3.5.2 Scarcity of off-the-run assets

Scarcity is often proposed as a necessary condition for a unique equilibrium with an on-the-
run premium. In Vayanos and Weill (2008), an established model to explain on-the-run
premia, there are two equilibria, with the premium arising on either of the two otherwise
identical assets through coordination. Vayanos and Weill (2008) suggest that introducing
scarcity, defined as a lower supply of one asset relative to the other, may restore equilibrium

54

uniqueness.”® However, as they point out, their stationary model lacks the dynamics

54Within their framework, they show that if off-the-run bonds are in lower effective supply, they are
less likely to attract short sellers and are therefore less liquid. They point out that this is “a first step
toward reconciling our theory based on multiple equilibria with the empirical fact that liquidity in the
U.S. Treasury market concentrates systematically in just-issued bonds.”
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required to account for the decrease in effective supply over time. They note that their
“theory can explain price differences between on- and off-the-run bonds, but it does not
explain why short sellers are more likely to concentrate in on-the-run bonds.” They leave
this question open for future research.

I close this gap with the dynamic model and show that scarcity in the sense of Vayanos

and Weill (2008) is not necessary for a unique equilibrium with an on-the-run premium.

Definition 6. I define the average inventory of asset i € {n, f} by sellers (buyers) at the
beginning of the first subperiod in the second period by A%" (AP*). Asset i € {n, f} is
defined to be relatively scarce iff A% < A%~ and AP¥ < AP~ while the condition must

hold strictly in at least one of them.

Proposition 3. For a given parametrization, the equilibrium is unique. In this unique
equilibrium the on-the-run premium is positive and the off-the-run asset is not relatively

scarce.
Proof. See Appendix A.2.9 O

Proposition 3 goes further than showing that, in the unique short selling equilibrium,
there is a premium and no relative scarcity; it shows that this holds in any equilibrium
and the equilibrium is unique for a given parametrization.®

Drawing a more general conclusion from our analysis so far, one can say that it does not
matter how scarce assets are, as long as they can be reliably located and sufficient supply is
available at that source. I discuss in the policy section what happens if the latter is not the
case and uncertainty becomes sufficiently high that markets break down. Moreover, while
the analysis here has focused on showing that scarcity is not necessary for an on-the-run

premium to emerge, Appendix A.5 discusses why scarcity is also not sufficient to generate

one.

3.5.3 Extension: buy-and-hold buyers and scarcity

I have shown that scarcity is not necessary for an equilibrium with an on-the-run premium.
Still, scarcity might scale up its size. I analyze this conjecture in this paragraph. Also, I

address the discussion around buy-and-hold buyers in seasoned Treasuries. As pointed out

55In Section A.4, I show that the only other equilibrium that can exist is one in which P? < P™ax% for
i € {e,n} and P/ > Pm&%f In this equilibrium only on-the-run assets are sold short.
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by Chaboud et al. (2025b) off-the-run Treasuries are increasingly held by buy-and-hold
investors as they get more seasoned.

To address both points, I assume that a random share 0 < (1 —opg) < (1 — o) of
buyers are not going to sell any off-the-run assets. We call them buy-and-hold buyers
in off-the-run assets. Given their assets are not available for sale, we do not count their
assets as part of their inventory and they have therefore no inventory in off-the-run assets.
Therefore buy-and-hold buyers reduce the effective supply of an asset, here the two-period
asset, over time. We look at two cases: Either buy-and-hold buyers are participating in
the spot market in the second period (i.e. they are matched and can sell on-the-run assets)
or they are not (i.e. they are not matched and do not affect the matching probability for

the remaining buyers).

Proposition 4. With buy-and-hold buyers, the off-the-run asset is relatively scarce in the
short selling equilibrium. If the buy-and-hold buyers are participating in the spot market,

the on-the-run premium increases in scarcity. Otherwise, it is independent of scarcity.
Proof. See Appendix A.2.10. O

This exercise reveals how the premium can scale with scarcity and highlights that
buy-and-hold buyers may or may not affect the premium, depending on their market
participation. It is important to point out that, as long as buy-and-hold buyers stay
outside the market and therefore do not increase uncertainty in off-the-run assets (i.e.,
their fail probability), the on-the-run premium is not affected, even though they diminish
the effective supply of off-the-run assets.

3.6 Welfare

This section discusses welfare and examines how settlement fails and the underlying market
frictions affect it. I define welfare as the mass weighted sum of the lifetime value of all
agents

W = VB + O'(Vs + VDB + VDS),

where the lifetime value of an agent is the sum of utility and disutility an agent has over

its lifetime.
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The value functions of the agents in the short selling equilibrium are
Vi =3(0"+ 6" + > [P+ o(1 - P) Sy,
Vs =3(8" +06) + ) [SP + (1 — PS8y,

Vg = Y [SE7" + 875+ (1 - )5y,

Vos = SIS+ 5854+ (1 - F)sE]
The value functions depend on the coupon payments and the (in)convenience yield from
holding endowed assets, as well as on the expected surplus from trade weighted by its

probability of occurrence.

Proposition 5. In the short selling equilibrium,

oW  OW OPf i
do 0PI Oco +;V’

where k € {S, DS, DB}. Since

a_W <0
OPf
and
.
>0, ifo< %,
oP/ . )
8_0- = 07 ZfO' = 32
<0, ifo> %
\
it follows that
a_W > (0
do

for all o > % For o < %, the sign of OW/do is generally ambiguous.
Proof. See Appendix A.2.7. m

A fail arising from a buyer with a fail inventory requires the sequence no match (no
buy) — match (sell) — no match (no buy) — match (fail) for the buyer. For high o (o > 0.5),
an increase in ¢ raises the probability of buying more than it reduces the probability of
selling, thereby reducing the likelihood of this sequence and thus the fail probability. For
low ¢ (o < 0.5), the opposite holds.
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Welfare decreases in the probability of a fail in off-the-run assets because each fail with
a buyer implies that the asset remains in the inventory of another buyer rather than being
reallocated to a seller who currently derives higher utility from holding it.

Consequently, welfare is increasing in o for o > %, whereas for o < % the welfare effect

of a change in ¢ is generally ambiguous.

3.7 Policy: Restructuring the Treasury Market

The Treasury market crisis in March 2020 revealed that one of the largest and most impor-
tant markets of the world is fragile (Duffie, 2020). Various ideas for how to restructure the
market are discussed. The G30 Working Group on Treasury Market Liquidity discusses
the creation of a standing repo facility that provides broad access to repo financing for
Treasuries. They also suggest central clearing of certain Treasury trades, and adjustments
to regulation and data transparency (see Duffie et al., 2021). The Federal Reserve indeed
implemented around the same time as the publication of their proposals a standing repo
facility but with less broad access than proposed.”® Chaboud et al. (2025b) further dis-
cuss buyback programs, as currently undertaken by the Treasury, larger concentration of
Treasury issuance in fewer securities, and all-to-all trading as policy measures. I use the
model to analyze three of these policies: repo facility access, issuance concentration, and
all-to-all trading. In addition, I discuss tokenisation, another proposed reform of financial

market infrastructure (see e.g. Lee et al., 2024).

3.7.1 Crisis and repo facility access

During the Covid crisis the off-the-run segment broke down due to a dash for cash (Chaboud
et al., 2025b). I model the crisis through the lens of my model as follows: Suppose that,
in a crisis occurring in the second period, a mass of buyers is no longer willing to trade.
This fits the narrative of the crisis in 2020 where clients wanted to sell their Treasuries but
not buy them as everyone wanted to hold cash (Chaboud et al., 2025b). More specifically,
I assume that there is a random mass of buyers, denoted by 7., who remain in the spot
market but are unwilling to trade when matched with a dealer in the second period. I call
them non-trade willing buyers. The crisis, represented by the emergence of these non-trade

willing buyers, is not anticipated in the first period. For simplicity, I assume that, before

56See the Federal Reserve’s website https://www.federalreserve.gov/monetarypolicy/standing-
overnight-repurchase-agreements.htm for more info.
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entering into a repo transaction in the first subperiod in the second period, dealers observe
whether the buyer with whom they are matched in this subperiod is willing to trade.

In addition I assume that in the crisis, i.e. in the second period, the repo ceiling rate
might be different and I call it 7.. Especially I assume that an analogous assumption to
Assumption 1 for 7 must not hold for 7.. The implications of this are discussed below.

Also, I define P"** = %. I call the analogous failing probabilities to P* in
the crisis set-up P'. It is straightforward to show that the crisis failing probabilities in on-
and off-the-run assets are P* = 7, and P/ = 0%(1 —0)? +7.[1 — 0%(1 — 0)?]. The emergence
of non-trade-willing buyers increases market uncertainty because dealers no longer know

whether a matched buyer will be willing to trade. This additional uncertainty is layered

on top of the existing distributional uncertainty, which remains unchanged.
Lemma 4. If the mass of non-trade willing buyers in the crisis, 7., is as such that

Prmax — 52(1 — g)?

]P)max> C>
c =7 1—0%(1—0)?

then P! > Pma® > P, This implies that no off-the-run assets are sold by dealers to buyers.
The corresponding trade in on-the-run assets still occurs if these assets can be financed in

the repo market.
Proof. See Appendix A.2.11 O

Dealers do not sell off-the-run assets anymore to buyers because there are too few trade
willing buyers and short selling becomes too risky. Uncertainty is too high. As observed
in the crisis, the market breaks down first for off-the-run assets because P/ > P" for any
Ve-

If the repo ceiling rate 7. is low enough (which is the case if 7. = 7), then sellers can
still sell their off-the-run assets to the dealers in this situation. Spot trades in off-the-run
assets are repo financed at the ceiling rate 7. in that case. It can very well be though
that during a crisis repo financing becomes expensive and the ceiling rate rises above the
threshold at which no spot trades in off-the-run assets are financed anymore because the
surplus from trade is negative. At the same time it is possible that trade in on-the-run

assets is still ongoing as their trade is financed at the lower repo rate r™ < 7.
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Corollary 3. If P/ > P™a > P qnd the repo ceiling rate in the crisis 7. is such that

(6= — 00— )+ (8" —8)] . _ 50
(6" + o1)(1 — 0) 2T S

then dealers purchase on-the-run assets from sellers and finance these positions in the repo

market, whereas no such trading occurs for off-the-run assets.
Proof. See Appendix A.2.12 O

Lemma 4 (focusing on the buyer-dealer side) and Corollary 3 (focusing on the seller-
dealer side) show how trade in crises may break down in the off-the-run segment while
remaining functional in the on-the-run segment as observed in March 2020. One discussed
policy to ease strains in a crisis is (broad) repo facility access. Let us assume there is
a central bank which can influence the ceiling rate 7. by giving access to a repo facility

during the crisis.

Lemma 5. By providing access to a repo facility, the central bank can always restore repo-
financed trade in off-the-run assets such that sellers can sell off-the-run assets to dealers
while preserving trade in on-the-run assets across all markets. To achieve this outcome,
the facility rate must be sufficiently low to restore trade in off-the-run assets, but not so

low as to disrupt trade in on-the-run assets. Specifically,

mm{ §— o (5—51)_0[%(5—51)_(&_5)} } s 'Yc(é_él)_((sh_é)
§h + o1 (6" + 61 (1 — 0) - 5t + 6! '

However, the provision of the repo facility cannot induce the sale of off-the-run assets from

dealers to buyers.
Proof. See Appendix A.2.13 O]

The central bank can keep the sellers’ spot market alive by providing the necessary
cash cheap enough if needed. Repo rates are pressed down and spot prices increase for all
assets, not just the off-the-run assets.

However, lowering repo rates can be harmful for the rest of the market. Cheap funding
provided through the facility can impair the dealer-to-buyer segment of the market by
making alternative funding obtained through short selling relatively less attractive. As a

result, this part of the market breaks down earlier, or remains impaired if it is already
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inactive, because the maximum settlement-fail probability consistent with trade becomes
lower. Since dealers can obtain funding cheaply through the facility, it becomes less worth-
while to bear the risk associated with raising cash through short sales. The facility rate
therefore cannot be set arbitrarily low without harming trade in on-the-run assets. More-
over, trade in off-the-run assets between dealers and buyers cannot be restored. Dealers
continue to hold these assets on their balance sheets rather than passing them on to buyers.
Although balance-sheet costs are not part of the model, this limitation may be particularly
relevant during crises, when elevated balance-sheet constraints could accumulate over time

and potentially weaken the restorative effects of the facility.

3.7.2 Larger issuance sizes

Another discussed policy for improving off-the-run liquidity is to concentrate its issuance
into fewer and larger-sized issues (Chaboud et al., 2025b). Fleming (2002) provides ev-
idence for this which Chaboud et al. (2025b) cite as follows: “Fleming (2002), in fact,
finds little relationship between issue size and liquidity when U.S. Treasury bills are on-
the-run, but significant liquidity improvements when bills are off-the-run. That is, even if
larger issue sizes did not improve liquidity of already highly liquid on-the-run Treasuries,
additional size could benefit liquidity when securities go off-the-run.” Through the lens of
the model, this observation can be explained: In the model, larger endowment only af-
fects off-the-run liquidity. Larger issuance sizes decrease fails in off-the-run assets while
not affecting on-the-run fails as they are already seldom (respectively inexistent). We can
demonstrate this with the following example: Assume that the endowment in each type
of asset is not one, but two. It is straightforward to show that in this case P* = P/ = 0.
In this stylized example, the off-the-run asset becomes as liquid as the on-the-run asset,
i.e. ba™ = ba’ because P/ decreases to the size of P". Liquidity in the on-the-run asset is
not affected as P" does not change. I showed in Proposition 5 that a decrease in fails in
off-the-run assets is welfare improving. Because P/ = F/ in the short selling equilibrium,
we have indeed a decrease in fails in this example. Therefore this analysis supports the
view that larger issuance sizes are liquidity improving in off-the-run, but not on-the-run

assets, and are overall welfare improving.
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3.7.3 All-to-all trading and tokenisation

Recent policy discussions have highlighted both all-to-all trading and tokenisation as po-
tential reforms of financial market infrastructure. All-to-all trading expands trading oppor-
tunities beyond traditional intermediary-based markets and may reduce reliance on dealers,
particularly for off-the-run assets (Chaboud et al., 2025a). Tokenisation, by contrast, rep-
resents traditional assets as digital tokens on a programmable platform that enables own-
ership transfers and settlement through a common ledger and programmable rules (Bank
for International Settlements and Committee on Payments and Market Infrastructures,
2024; Aldasoro et al., 2023). While these reforms differ substantially in implementation,
both have important implications for settlement risk. I focus on qualitative insights rather
than a formal analysis.

All-to-all trading has the potential to significantly reduce non-strategic settlement fails
by largely eliminating inventory uncertainty and, according to our analysis, thereby in-
crease welfare. Because the availability of securities is observable, short sellers can generally
locate the asset when required to close their positions.

Tokenised systems can reduce settlement risk through smart contracts and atomic set-
tlement, whereby securities and payments are exchanged simultaneously and transactions
occur only if both parties can deliver (Bank for International Settlements and Committee
on Payments and Market Infrastructures, 2024). For repo transactions, this feature can
eliminate settlement fails if the smart contract requires that both the initial exchange and
the reverse transaction satisfy the conditions for atomic settlement. Tokenisation can, com-
pared to all-to-all trading, eliminate all kinds of settlement fails by requiring settlement to
be guaranteed before a transaction is executed. The cost is that market participants can
no longer take positions that require obtaining the security only after the trade has been
agreed upon, thereby limiting short selling and other forms of risk taking, even though
such activities may be welfare-enhancing.

These considerations capture only one aspect of the broader debate, abstracting from

many other benefits and costs associated with these alternative market structures.

4 Empirics

Based on the theoretical results, I derive two hypotheses that I test empirically.
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4.1 Hypothesis development

In my theory inventory uncertainty, leading to positive fail probabilities for short sellers
attempting to repurchase the asset and close their positions, and the resulting settlement
fails, are central to explaining the on-the-run premium. Higher fail risk and more frequent
fails for off-the-run securities depress their value, thereby generating a premium for on-
the-run securities.

As initial motivating evidence I show the scatter plot between the 10-year on-the-run
premium and the net outright positions of primary dealers in Treasuries in Figure 12.%7
I observe that there is a negative correlation between the on-the-run premium and the
net outright positions of the primary dealers (with tight 95% confidence bands). If we as-
sume that lower overall inventory is positively correlated with higher inventory uncertainty
(which is a result following from Section 3.7.2) then this aligns with my explanation in the
theoretic part that inventory uncertainty leads to positive fail probabilities and settlement

fails, which imply the premium.

4.1.1 Fail rates and on-the-run premia

The first hypothesis is about a core part of my explanation: the relation of fail probabilities

and fails with the on-the-run premium. I conjecture a joint sign restriction.

Hypothesis 1. A higher (realized) fail rate of off-the-run Treasuries is associated with
an increase in the on-the-run premium while a higher (realized) fail rate of on-the-run

Treasuries is associated with a decrease in the on-the-run premium.

The first hypothesis follows directly from Proposition 1 and Corollary 2. Proposition 1
shows that if the ex ante probability to fail in off-the-run assets is higher than in on-the-run
assets we observe an on-the-run premium. Also, in the short selling equilibrium the ex ante
probabilities equal the realized (share) of fails P! = F* and therefore there is a positive
on-the-run premium if the observed fail share is higher in off-the-run assets than in on-the-
run assets (see Corollary 2). A direct implication of Proposition 1 and Corollary 2 is that

if the ex ante fail probability (and realized fail share) in off-the-run assets increases, then

5"The data sources for the on-the-run premium are the same as in Figure 2a. The net
positions of primary dealers can be downloaded from the FED’s Primary Dealer Statistics,
https://www.newyorkfed.org/markets/counterparties/primary-dealers-statistics. The frequency is weekly.
The data are deflated using the Consumer Price Index for All Urban Consumers: All Items in U.S. City
Average, which can be downloaded from FRED. I set the index to 1 when the time horizon starts in April
2013.
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Figure 12: The correlation between the premium and the net positions
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Notes: The figure plots the on-the-run premium on 10-year Treasury notes against primary
dealers’ net positions in Treasuries using data from April 2013 to 2025. Source: FED and
author’s calculations.

the premium increases. The opposite holds for on-the-run assets. An increase decreases

the on-the-run premium. This directly gives rise to the hypothesis.

4.1.2 Inventories

The second part of the hypothesis development focuses on inventories and inventory un-
certainty. Although the theoretical analysis focuses on inventory distribution, no data are
available to observe individual inventories and therefore measure the distribution directly.
Consequently, the empirical analysis must rely on aggregate inventories as a proxy. I con-
jecture that lower inventories lead to settlement fails. As outlined at the beginning of
this section, lower inventories are expected to capture and correlate with inventory uncer-
tainty. This conjecture is motivated by the issuance-size exercise in Section 3.7.2, which
shows that larger aggregate inventories reduce settlement fail rates. Intuitively, larger in-
ventories make it less likely that market participants completely run out of the asset and
are therefore unable to satisfy delivery obligations. Conversely, lower inventories increase
the likelihood that a market participant does not hold the asset when needed, thereby
increasing inventory uncertainty and settlement fail risk. Since individual inventories are

not observed in the data, aggregate inventories provide a natural proxy for the inventory
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uncertainty emphasized by the model.

Hypothesis 2. Lower inventories in Treasuries are associated with higher fail rates. In
particular, lower inventories in on-the-run Treasuries are associated with higher fail rates
in on-the-run Treasuries, and lower inventories in off-the-run Treasuries are associated

with higher fail rates in off-the-run Treasuries.

In the following subsections I test and analyze the hypotheses in the data. An overview
of the data sources and a summary statistic of the data used in the regressions can be
found in Appendix A.8.1. In addition, Appendix A.8.2 presents further empirical evidence
consistent with the theory by documenting that off-the-run Treasury inventories exhibit

greater volatility than on-the-run Treasury inventories.

4.2 Empirical evidence
4.2.1 Empirical evidence for Hypothesis 1

I test the first hypothesis by examining the relationship between fail rates and the on-
the-run premium. As the dependent variable in the first regression (see Table 1), T use
the average on-the-run premium for U.S. Treasuries on a given day. To test the joint sign
restriction implied by the model, I include the realized fail rates of both on- and off-the-run
Treasuries as explanatory variables in the same regression. The primary dealer data from
which the fail rates are estimated are available every Thursday, and I therefore use for my
regression a dataset with one observation per week. Each date is denoted by ¢.°®

I run two regressions (see Table 1). In the first, I regress the premium on the fail rates.
In a second specification, I add standard control variables, including the logarithms of the
VIX and MOVE indices, the effective federal funds rate, and the 10-year minus 2-year
Treasury yield spread. I further include crisis fixed effects. The crisis fixed effects capture
the months October 2014, September 2019 and March 2020. In these months there was
a crisis in the Treasury market (see U.S. Department of the Treasury et al., 2015, Anbil

et al., 2020 and Schrimpf et al., 2020). As I use weekly data, the crisis dummies are equal

58] cannot run any maturity specific regression because the fail rate for off-the-run Treasuries is not
available by maturity. Also, Treasury bill data are used solely to construct the realized off-the-run fail
rate, as Treasury bills are included in the aggregate measure of off-the-run fails. They are not otherwise
included in the regressions. This restriction is imposed because corresponding bill-level data are unavailable
for on-the-run Treasury securities.
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to one in each week within these months. I use the time horizon from April 2013% to the
end of 2025.

The regression equation to the second regression in Table 1 is given by

On-the-run premium, = o + [ Off-the-run fail rate; + 5 On-the-run fail rate;
+ B3 In(MOVEy) + 84 In(VIX;) + B5 Effective federal funds rate;

+ B 10Y-2Y spread; + B7 Lio/14,c + Bs Tog/19,¢ + Bo Loz /20, + -

The results are shown in Table 1. In line with Hypothesis 1, the coefficient on the off-
the-run fail rate is positive, whereas the coefficient on the on-the-run fail rate is negative
when control variables are included.®® Both coefficients are highly statistically significant.
Economically, the effects are sizeable. A one percentage point increase in the off-the-run
fail rate is associated with a 1.7 basis point increase in the premium, while a one percentage
point increase in the on-the-run fail rate is associated with a 0.6 basis point decrease. In
standardized terms, a one standard deviation increase in the off-the-run (on-the-run) fail
rate corresponds to a 0.30 standard deviation increase (0.13 standard deviation decrease)

in the premium.

4.2.2 Empirical evidence for Hypothesis 2

Next, I test the second hypothesis by examining the relationship between fail rates and
dealer inventories. I estimate two regressions. First, I regress the off-the-run fail rate
on primary dealers’ net outright position in off-the-run Treasuries. Second, I repeat the
analysis using the on-the-run fail rate and primary dealers’ net outright position in on-the-
run Treasuries (see Table 2). Each specification is estimated both with and without the

control variables used in the previous analysis. As before, the data is weekly and each date

59Fails in on-the-run assets were first published in April 2013.

60Tncluding the MOVE index changes the sign of the effective federal funds rate coefficient. This result
suggests that the positive unconditional association between policy rates and the on-the-run premium is
largely captured by Treasury market volatility.
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Table 1: On-the-run premia and fail rates regression

(1) (2)

Premium  Premium

Off-the-run fail rate 2.3859%F* 1 6794%**
(0.421)  (0.328)
On-the-run fail rate 0.2035 -0.5625**
(0.301)  (0.220)
In(MOVE) 3.108 1%
(0.352)
In(VIX) -0.3210
(0.320)
Effective federal funds rate -0.3535%**
(0.081)
10Y-2Y spread -0.3560**
(0.142)
Oct 2014 fixed effect 0.8458***
(0.166)
Sep 2019 fixed effect -0.2574
(0.248)
Mar 2020 fixed effect 1.4241%**
(0.307)
Constant 2.5748%** 2 5661***
(0.115)  (0.082)
No. Observations 563 563
Adj. R? 0.189 0.526

Notes: 1 use Newey-West standard errors with 6 lags. *** in-
dicates significance at the 1% level. ** indicates significance
at the 5% level. * indicates significance at the 10% level. The
sample period is April 2013-2025, and the frequency is weekly.
The data source for the premium (in basis points) is identi-
cal to that used in Figure 2a. The premium is defined as the
average on-the-run premium across all coupon-bearing Trea-
suries on a given day. The fail rate data (in percent) are the
same as in Figure 5b; outliers are removed by excluding nega-
tive observations and the top 5% of observations. The federal
funds rate data are obtained from FRED. The MOVE and
VIX data are taken from FactSet. The 10-year and 2-year
yields (par yields of seasoned notes in percent) are taken from
the FED yield curve, which is an updated version of the orig-
inal Giirkaynak-Sack-Wright curve (Giirkaynak et al., 2010),
https://www.federalreserve.gov/data/nominal-yield-curve.htm.
The crisis fixed effects capture the months October 2014,
September 2019 and March 2020. All independent variables,
except the crisis dummies, are demeaned.
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is denoted by t.%% The regression equation for the second regression in Table 2 is given by

Off-the-run fail rate; = a + ; Off-the-run primary dealer net position,
+ B2 In(MOVE;,) + B3 In(VIX;) + (4 Effective federal funds rate;

+ 85 10Y-2Y spread; + B¢ Lio/14, + B7 Tog/19,6 + Bs Loz/20,6 + s

The regression equation for the fourth regression in Table 2 is given by

On-the-run fail rate; = o + 1 On-the-run primary dealer net position,
+ B2 In(MOVE;) + 3 In(VIX,) + B, Effective federal funds rate;

+ 85 10Y-2Y spread; + B¢ Lio/14,: + 57 Togj10,c + 53 Tozy20, + s

The results are as follows. As expected, the coefficients on primary dealers’ net positions are
negative and statistically significant in both the off-the-run and on-the-run specifications
when controls are included. Because net positions are measured in dollars, the coefficients
are most meaningfully interpreted by scaling them by the standard deviation of net outright
positions. In the specifications with controls, a one standard deviation increase in off-the-
run (on-the-run) net positions is associated with a decline in the corresponding fail rate of
about 0.25 (0.08) standard deviations of the fail rate.

For robustness, I also report the corresponding specification using first differences of
net positions in Appendix A.8.4, as off-the-run net positions may be non-stationary. The
results remain qualitatively the same. Moreover, in the first-difference specification, the
coefficient on on-the-run net positions is negative and statistically significant even in the
regression without controls.

Specifications (3) and (4) in Table 2 are the only regressions in which both the de-
pendent variable and the key explanatory variable, namely the on-the-run fail rate and
on-the-run net positions, are observed at the maturity level. I therefore estimate separate
regressions for each maturity m € {2V, 3Y, 5Y, 7Y, 10Y, 20Y, 30Y}, matching maturity-
specific fail rates with maturity-specific dealer inventories. The results are reported in
Table 7 in Appendix A.8.3. Consistent with the inventory hypothesis, the estimated coef-
ficients are negative across all maturity sectors except the 3Y sector. The coefficients are

statistically significant for the 2Y, 5Y, 7Y, and 10Y sectors, indicating that increases in

61 As in the previous specification, Treasury bill data are used solely to construct the realized off-the-run
fail rate.

45



Table 2: Fail rates and net positions regression

(1) (2)
Off-the-run  Off-the-run

(3) (4)

On-the-run  On-the-run

fail rate fail rate fail rate fail rate
Off-the-run net positions -0.0012%F*  _0.0009***
(0.000) (0.000)
On-the-run net positions 0.0008 -0.0043**
(0.003) (0.002)
In(MOVE) 0.1419%* 0.4259%%*
(0.055) (0.104)
In(VIX) -0.1306** -0.0207
(0.056) (0.097)
Effective federal funds rate -0.0809%*** -0.1110%**
(0.015) (0.029)
10Y-2Y spread -0.1938%** -0.3316%**
(0.021) (0.051)
Oct 2014 fixed effect 0.1085%* -0.1520%**
(0.047) (0.050)
Sep 2019 fixed effect -0.1087* 0.1153
(0.056) (0.090)
Mar 2020 fixed effect 0.0691 1.1976***
(0.067) (0.263)
Constant 0.6439%** 0.6432%** 0.5189%** 0.5136%**
(0.016) (0.012) (0.034) (0.024)
No. Observations 594 594 609 609
Adj. R? 0.108 0.297 -0.001 0.212

Notes: T use Newey-West standard errors with 6 lags. *** indicates significance at

the 1% level. ** indicates significance at the 5% level. * indicates significance at
the 10% level. The sample period is April 2013-2025 and the frequency is weekly.
The net positions of primary dealers can be downloaded from the FED’s Primary
Dealer Statistics, https://www.newyorkfed.org/markets/counterparties/primary-
dealers-statistics. On-the-run net outright positions (in bn USD) are measured as
the sum of net outright positions in coupon-bearing on-the-run Treasuries. Off-the-
run positions are constructed by subtracting aggregate on-the-run positions from
total net outright positions in coupon-bearing Treasuries. The data are deflated
in the same way as in Figure 12. The fail rate data (in percent) are the same as
in Figure 5b; outliers are removed by excluding negative observations and the top
5% of observations. The federal funds rate data are obtained from FRED. The
MOVE and VIX data are taken from FactSet. The 10-year and 2-year yields (par
yields of seasoned notes in percent) are taken from the FED yield curve, which is
an updated version of the original Giirkaynak-Sack-Wright curve (Giirkaynak et al.,
2010), https://www.federalreserve.gov/data/nominal-yield-curve.htm. The crisis
fixed effects capture the months October 2014, September 2019 and March 2020.
All independent variables, except the crisis dummies, are demeaned.
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dealer inventories are associated with lower fail rates in these maturities.

5 Conclusion

This paper develops a dynamic model of the U.S. Treasury market that explains the re-
lationship between on-the-run premia, repo specialness, and settlement fails, focusing on
settlement risk and inventory uncertainty as a novel mechanism. I also test the theory
empirically and show as a key result that a higher realized fail rate in off-the-run assets is
positively correlated with the on-the-run premium, while a higher realized fail rate in on-
the-run assets is negatively correlated. Also, higher net inventory positions in Treasuries
are shown to be associated with lower fail rates.

By explicitly modeling the dimension along which otherwise identical assets differ—time
since issuance—the model extends standard frameworks on the on-the-run premium such as
Vayanos and Weill (2008) and delivers only equilibria in which the premium always accrues
to the most recently issued asset, consistent with the data.

The model also explicitly differentiates between an asset’s distribution and its scarcity,
i.e., its effective supply. A key result is that scarcity is not necessary to explain price dif-
ferences; only a more unequal distribution of off-the-run assets among market participants
relative to on-the-run assets is. Scarcity can act as an amplifier. This insight extends
beyond the on-the-run setting and can explain price differences among any two otherwise
identical assets. Finding empirical examples and measuring the relative importance of the
two channels—scarcity and distribution—would be a fruitful avenue for future research. A
related question for further research is how unequal auction allocations affect asset lig-
uidity over time, inspired by a first simulation exercise in the appendix showing that an
initially concentrated endowment first distributes more equally among participants before
becoming more unequal again.

The theory also speaks to the Treasury market turmoil and the ongoing policy debate.
Because off-the-run securities face greater inventory uncertainty, smaller shocks suffice to
trigger a breakdown in this segment during crises, helping to explain why the March 2020
disruption was concentrated there. There is considerable scope for future work assessing
the effectiveness of proposed and implemented reforms to the Treasury market. I do so
for larger issuance sizes, repo facility access, as well as all-to-all trading and tokenisation.

With respect to repo facility access, it would be interesting to incorporate the growing
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presence of non-banks in the market, which also contributed to the fragility in March
2020.92  Whether broadening repo facility access to these participants improves market

functioning is an important question that could be explored within my framework.
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A Appendix

A.1 Notation

The following tables provide an overview over the used notation.

Table 3: Agents, assets, parameters and indexes

Variable Description

Agents

B Buyer

S Seller

DB Dealer matched with a buyer

DS Dealer matched with a seller

Assets

e Two-period Treasury in period 1

f Two-period Treasury in period 2 (“off-the-run asset”)
n One-period Treasury in period 2 (“on-the-run asset”)
Parameters

) Coupon in each subperiod

on Coupon plus convenience yield (high valuation)

o Coupon plus inconvenience yield (low valuation)

o Mass of sellers relative to buyers

r Funding rate available to dealers outside the repo market
0 Bargaining power of D° in the repo market

04 Bargaining power of D in the spot market

Indexes

) Generic asset index, i € {e,n, f}

J Generic agent index, j € {B,S,DB, DS}

t Subperiod index

Throughout the crisis analysis, variables with the subscript ¢ (in particular 7., P’

c?

and P*) denote their crisis counterparts. In addition 7. denotes the mass of so-called

non-trade willing buyers.

A.2 Proofs
A.2.1 Proof of Lemma 1

The equilibrium prices and repo rates for the on- and off-the-run assets follow directly from

the solutions to the spot market and repo market maximization problems in Section 3.2.
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Table 4: Equilibrium objects

Variable

Description

Prices, quantities, surpluses spot market

o
iy
iy

t
s7°

Ask price

Spot market quantity sold by dealers
Bid price

Spot market quantity bought by dealers
Spot market surplus

Rates, quantities, surpluses repo market

,,,,Z

Ap
Mp
s3

Repo rate

Repo collateral quantity
Repo cash quantity
Repo market surplus

Fail probabilities

]P)Z

Pmax,i

Settlement fail probability
Maximum fail probability consistent with short selling

Specialness, premium and bid-ask spread

S Repo specialness

A On-the-run premium

ba’ Bid-ask spread

Other

P} Asset valuation used when no ask price exists

p? Average spot market price

36 Share of buyers with fail inventories

Fi Settlement fails

Vi Lifetime value

w Aggregate welfare

A5 Average seller inventory at the beginning of the second period
AB: Average buyer inventory at the beginning of the second period
1—on Share of buy-and-hold buyers
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A.2.2 Proof of Proposition 1

The equilibrium expressions follow directly from Lemma 1 and Definition 4. In particular,

0(5 — &)

s=(Pf —P") T

Because § > 0, § > ¢, and 6" + &' > 0, it follows that s > 0 iff P/ > P". Moreover,

A- iu — (6" + 8V,

and

ba! — ba" — %(1 — 04)s(5" + 6.

Since the coefficients multiplying s are positive, A > 0 iff s > 0 and (ba/ — ba") > 0 iff

s> 0.

A.2.3 Proof of Lemma 2

Proof. 1 first prove the first part of the lemma. Dealers maximally sell one asset ¢ short
by the assumption that trade is limited to one unit per asset i. By the definition of a fail,
this implies that fails only occur if a dealer meets a buyer with zero inventory of asset ¢
at the beginning of the second subperiod. Therefore, s{ > 0 is a necessary condition for
F* > 0. Otherwise, F'* = 0. Moreover, if all buyers have zero inventory of asset i at the
beginning of the second subperiod, then no dealer short sells asset i. Specifically, s = 1
implies P’ = 1, and in this case the joint surplus satisfies (Sf) Biy Sf Z) < 0, implying that
no trade occurs between dealers and buyers in the first subperiod. Hence, F* = 0, since
no short selling occurs in asset .

For the second part of the lemma, note that a positive number of fails in asset i requires
short selling in that asset. Dealers only sell asset i short if P > P’ = s. In addition,
for a positive number of fails in asset i, there must be fail inventories, i.e., sj > 0, since

the probability of a fail cannot be zero: P' = s{ > 0. Combining these conditions yields

Pz > i > (), m
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A.2.4 Proof of Corollary 1

In Section 3.2, we have shown that in the short selling equilibrium dealers demand one
unit of the e asset in the second subperiod of the first period, and one unit each of the n
and f assets in the second subperiod of the second period, as they need to deliver these
assets to their repo counterparty and would otherwise fail. In all other cases where dealers
match with buyers in the short selling equilibrium, dealers do not buy from buyers and
cannot fail. We therefore do not need to consider these cases.

I derive first the probability P". All buyers are endowed with one unit of the n asset
in the second period. Therefore, whenever a buyer is matched with a dealer in the second
subperiod of the second period, the buyer can always sell the asset and does so in equilib-
rium, allowing the dealer to meet its repo obligation. Hence, fails do not occur and P* = 0.
The analogous reasoning applies to asset e. Therefore, P¢ = 0.

Next, I derive the probability P/. A fail to deliver asset f occurs only if a dealer is
matched with a buyer in the second subperiod of the second period who does not hold
any inventory of asset f. Such a buyer arises if and only if the buyer is not matched in
the first subperiod of either period and therefore does not build up additional inventory,
and is matched in the second subperiod of both periods, selling his endowment in the first
instance and being unable to sell in the second. The probability of this event is therefore

given by P/ = [¢(1 — 0)]2.

A.2.5 Proof of Corollary 2

Proof. In the short selling equilibrium, dealers sell all assets i short because P! < Pz
for all 7. Hence, a fail occurs whenever the event associated with the fail probability P* is
realized. Therefore, F'* = IP? for all i. By Proposition 1, A > 0 iff F/ = P/ > F* = P,
By Corollary 1, P/ > P". Therefore, A > 0. m

A.2.6 Proof of Proposition 2

Proof. By assumption, the on-the-run inventory distribution is degenerate, as all buyers
are endowed with one unit of the asset n. Hence, all inventories are non-empty and P = 0
(see the proof of Corollary 1).

Next, I show that a positive on-the-run premium requires the inventory distribution

of off-the-run assets to be non-degenerate at the beginning of the second period. By
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Proposition 1, A > 0 if and only if P/ > P". Since P" = 0, it follows that A > 0 if and

only if P/ > 0. In the short selling equilibrium, P/ = F/ > 0 (see the proof of Corollary 2).

By Lemma 2,
Ff >0 ifand only if P™f > > 0.6

Since buyers only purchase (and not sell) assets in the first subperiod, the condition sg >0

implies that some inventories are already empty at the beginning of the second period. At

the same time, because not all buyers are matched in the second subperiod of the first pe-

riod, some inventories remain non-empty. Therefore, the off-the-run inventory distribution

is non-degenerate at the beginning of the second period.

A.2.7 Proof of Proposition 5

Proof. In the short selling equilibrium,

oSt _osyl aSp™t asg™ 0
do do do Odo

for all i € {e,n}, j € {S, B, DS, DB}, and all t. Therefore,

ow 8VB 8Zka
do 60 +ka

_ a(Sﬁs’fwﬁB’f) o5y
-7 ap7 T2t 2.

where k € {S, DS, DB} and the second equality follows from Sf f
O(Sp™" + 85" _ !
P =—(0—0)<0

05y
P/

k
> syt >0,
k

= (1+0)(6—d) <0,

where k € {S, DS, DB}. Hence,
ow

W<O.

63The case 1 > sg > Pma%.f cannot arise in the short selling equilibrium because P/ > Pf = 57

o7

— SQB“f

]

E—i—zvk
k

= 0. Moreover,
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Furthermore,

P/
e 20(1 —o0)(1 — 20),
which implies
.
>0, o< %,
opPl .
9 =0 =5
<0, o>1
Since ), VF >0, it follows that
ow -0
0o
for all o > % For o < %, the sign of W /0o is generally ambiguous. m

A.2.8 Proof of Lemma 3

Proof. The candidate equilibrium consists of the spot market prices and repo rates derived
in Section 3.2 for the case P! < P™@ for all 4 (and, in the second period, characterized
in Lemma 1), the corresponding equilibrium quantities, which equal one, and the fail
probabilities characterized in Corollary 1.

I first prove existence. The quantities, prices, and rates prescribed by the candidate
equilibrium satisfy the agents’ maximization problems. Moreover, the fail probabilities
in Corollary 1 are derived from the equilibrium inventory distribution (see the proof of
Corollary 1). Therefore, all conditions of Definitions 2 and 3 are satisfied, implying that
the short selling equilibrium exists.

Next, I prove uniqueness. Given P! < P™a% for all 4, each agent’s maximization prob-
lem admits a unique solution. These solutions uniquely determine equilibrium quantities,
spot market prices, repo rates, and the resulting inventory distribution. Since fail proba-
bilities are uniquely determined by the equilibrium inventory distribution (see the proof of
Corollary 1), all equilibrium objects are uniquely determined. Therefore, the short selling

equilibrium is unique. O

A.2.9 Proof of Proposition 3

Proof. From Proposition 1 and Corollary 1, it follows that in the short selling equilibrium,
A > 0. Moreover, Section 3.2 shows that the solution to the maximization problems is

unique whenever P! < Pma%¢ for all 4. Given that P* = F' for all ¢ in the short selling
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equilibrium (see the proof of Corollary 2) and P¢ = 0 (by the same reasoning as for P"* = 0,
since all buyers hold at least one unit of asset e when dealers repurchase the asset), there
are no fails in the first period, i.e., F'®* = 0. This implies that the amount of assets in the
hands of buyers is the same at the beginning and at the end of the first period. The same

applies to sellers. Hence,

A5 = AST and AP = ABY,

The off-the-run asset is not relatively scarce.

In addition, Section A.4 shows that the only other equilibrium that can exist is the on-
the-run short selling equilibrium, which arises if Pf > Pmax.f pmaxe > e apd pmaxn > pnr,
The maximization problems also imply a unique solution in this equilibrium, and the on-
the-run premium is positive, i.e., A > 0. Since P* = 0 (by the same reasoning as before),

there are no fails in the first period, implying again that

AS,n — AS,f and AB,n _ AB’f.

Hence, the off-the-run asset is not relatively scarce.
Lastly, the proof of Lemma 3 establishes the uniqueness of the short selling equilibrium.

The proof for the on-the-run short selling equilibrium is analogous. O

A.2.10 Proof of Proposition 4
Proof. We have shown that in the short selling equilibrium with no buy-and-hold buyers,
i.e., (1 —opy) =0, the off-the-run asset is not relatively scarce, i.e.

A5 = AST and AP = APV

Given that the short selling equilibrium exists, quantities traded in the first period
are independent of fail probabilities in the second period. Therefore, inventories at the
beginning of the second period are exactly the same as in the benchmark case with (1 —

og) = 0, except that, by assumption, the inventories of off-the-run assets held by buy-
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and-hold buyers are not counted. Hence,

A

o —on) "

In combination with A%/ = AP when (1 — oy) = 0 it follows that AP/ < AB" for all
(1 — o) > 0. Hence, the off-the-run asset is relatively scarce.

Consider first the case in which buy-and-hold buyers participate in the spot market. A
fail in the off-the-run asset occurs if a dealer is matched either with a buy-and-hold buyer

or with a regular buyer who has no inventory of the off-the-run asset. Therefore,

P/ = a[(l —og) + UHS{;],

where s{ = (1 — 0)%0. Hence,

oP/
T s(1-=4
8(1 . OH) U( SO) > 07

where the inequality follows from 0 < 3{; < 1. The fail probability of the on-the-run asset

is unaffected by the presence of buy-and-hold buyers in the off-the-run asset market, so

that
opP"
P" =0 d ——=0.
R |
From Proposition 1 it follows that,
0A -0

o(Pf —Pn) '

Applying the chain rule yields
0A 0A oP/ opP”

90 —on) 9@ —P |00 —og)  01—og)]

Therefore, the on-the-run premium increases in scarcity.

Next, suppose that buy-and-hold buyers do not participate in the market. In this case,
they do not affect matching probabilities and therefore do not affect fail probabilities.
Hence,

P/ =osl, P"=0,
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with s§ = (1 — ¢)%0, and therefore

oP/ oo 0
6(1 —O'H) N 8(1 —O'H) -
Again applying the chain rule,
0A 0A oP/ opP”

(1 —om) 0@ —P |01 —on) 01 —om)

Hence, the on-the-run premium is independent of scarcity in this case. O

A.2.11 Proof of Lemma 4

IP’(‘}“”‘—UZ(l—U)2

Proof. Solving P/ > Pmax and Pmax > P for ~, yields PP > ~, > 1.7 - Applying
the crisis fail probabilities to the second spot market maximization problem in Section 3.2
implies that dealers do not sell off-the-run assets to buyers because P/ > Pm8% ywhile they
continue to sell on-the-run assets because P7'** > P". At this stage, however, it has not yet
been established that dealers acquire and repo out the on-the-run asset, since this depends
on the profitability of trade in the first spot market and therefore on the crisis ceiling rate
7. Unlike in the benchmark economy, there is no assumption analogous to Assumption 1

for 7., which guaranteed trade in the first spot market for every asset. m

A.2.12 Proof of Corollary 3

Proof. Given that
P/ > pmex > P

it follows from the repo market maximization problem in Section 3.2 that dealers do not
sell off-the-run assets short, whereas they continue to sell on-the-run assets short. Conse-

quently,

and

n S C el Rl )
m=1-60r.+46 51 5 )

with #/ > r™. This presumes that trade takes place in the first spot market, a condition that

we verify next. From the first spot market maximization problem described in Section 3.2,
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the joint surplus® is negative whenever

rf =7 >—5_5l
IR I I

Hence, there is no trade in off-the-run assets. For on-the-run assets, trade occurs if the

joint surplus is positive, which requires

s—d8 _
T

Substituting for r" yields

(0 =0") = 0[ye(6 = 0") — (8" — 9)]
(6" + oY (1— 0)

> 7

c.

Therefore, dealers do not purchase off-the-run assets from sellers and, consequently, do not

repo them. In contrast, they continue to purchase and repo on-the-run assets. O

A.2.13 Proof of Lemma 5

Proof. First, I prove that a change in 7. can never restore trade in off-the-run assets
between dealers and buyers if there is currently no trade. If there is no trade, then

0" — 6+ 7e(6" 4 0')

P/ = 0%(1—0)2 + 7.1 — 0*(1 — 0)%] > P> = 5 s

A necessary condition for trade is

P! < prex,

Since
OPf gPpmax
C — d C
ore 0 an ore

> 0,

a decrease in 7, lowers P™** while leaving P/ unchanged, making the condition for trade
even less likely to hold. Hence, a reduction in 7, cannot restore trade when there is initially
no trade. An increase in 7. can also not restore trade because trade only takes place if
there is also trade between dealers and sellers. However, only a decrease in 7. can restore

the latter trade (see below).

64There is no assumption analogous to Assumption 1 for 7., which guaranteed trade in the first spot
market in the benchmark economy.

62



Next, I prove that a sufficiently large decrease in 7. restores spot trade between sellers
and dealers and repo trade among dealers in off-the-run assets. The following argument
is based on the maximization problems in Section 3.2, adapted to the crisis environment.
Since there is no trade between dealers and buyers, off-the-run assets are not sold short.
Therefore, if repo trade occurs, the repo rate of off-the-run assets is given by r/ = 7.
Moreover, repo trade occurs whenever dealers purchase off-the-run assets from sellers in
the spot market (which is not given as in the benchmark economy). Such trade is profitable
in the first subperiod if the associated joint surplus is positive, which requires

s—d
T

Hence, for a sufficiently low 7., dealers purchase off-the-run assets from sellers and finance
these positions in the repo market. If trade in the first subperiod takes place, then also in
the second and vice versa. Therefore, both spot trade and repo trade in off-the-run assets
are restored.

Third, I prove that if 7, lies within a certain range, trade in on-the-run assets continues

to take place in all markets. Trade between dealers and buyers occurs if
prax > pr.

Solving this condition for 7. yields

_ ’Yc(é - 5l) - (5h B 5)
= 5h + o '

Moreover, from the proof of Corollary 3, we know that trade between dealers and sellers

(and among dealers in the repo market) takes place if

(6 — 8" = B[7e(6 — &) — (6" — 6)]
(0" +ol)(1 — 0)

> 7.

Trade in on-the-run assets in the first subperiod also implies trade in on-the-run assets in

all markets in the second subperiod.
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Lastly, it is always the case that

min{ 60 (=0 =0[r.(6 = &) = (" = 9)] } 8= 8 = (3" =)
oh 4§ (5h+5l)(1_9) 5 1 5 )

Therefore, there always exists a value of 7. such that trade in off-the-run assets between
sellers and dealers, as well as repo trade in off-the-run assets, is restored while trade in

on-the-run assets continues to take place in all markets. O

A.3 DMaximization problems

Figure 13 provides an overview of the sequence of the markets. I solve each period’s
maximization problems by backward induction, starting from the fourth spot market and

moving in the direction opposite to the arrows when solving the problems sequentially.
Figure 13: Order of markets

1%t Subperiod  2"® Subperiod

- - - A
©JO ® O
1st spot mrkt 4th spot mrkt
OO0

Repo mrkt P fail T 7 Repo settlement
2nd spot mrkt 3rd spot mrkt
HOO® OO®O®
A - A A A - - A
A A A A
A A

Notes: The figure provides an overview of the timing of markets over one period (here the second).
In each subperiod, exactly one repo market takes place, with one spot market preceding it and
one spot market following it.

Lastly, I assume that dealers D? never purchase assets in the first subperiod. This
assumption eliminates the possibility of reverse order flow, particularly in situations where
settlement risk is sufficiently high to make short selling unprofitable, i.e. when P* > Pmax,

As such cases are not the focus of the analysis, they are not considered further.
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A.3.1 Second period maximization problems

4th spot market
In the final spot market of the second period, dealer D® and seller S trade asset i € {n, f},
provided that D® holds the asset. The bargaining problem is

DS, S,i DS DSi )
max  (SP% 4 8550) st SPS = gd(SP 4 g
0<AS*<1,Py"*

where

SM = (B -0)AY, S = (0 B4y

Both agents derive the same utility from holding the asset until maturity, namely the final
coupon payment §. The solution is therefore Ag’i =1 and Py = §, where I assume that
trade occurs even when the parties are indifferent. If dealer D° does not hold asset i, for

example because of a settlement fail in an earlier market, no trade in asset ¢ can occur.

Repo settlement

Settlement of outstanding repo contracts in all assets i € {n, f} occurs automatically
whenever dealer DP holds asset i. In that case, D? delivers the asset to dealer D, while
D? returns the cash, including accrued interest. If D? does not hold asset 4, a settlement
fail occurs. Dealer D® nevertheless returns the cash, including accrued interest, and dealer

DP? compensates D° by paying the fail compensation C°.

3rd spot market
In the third spot market of the second period, dealer D? and buyer B trade asset i € {n, f},

provided that B holds the asset in its inventory. The bargaining problem is

DB.,i Bii
maX ) 52 * St SQ ! - O
0<Abi<1, Pl

with
SPBI_ (Cm AL, 8P (P 3 AY

Trade generates a surplus because dealer D values the asset at &, whereas buyer B values
it at only 6. If D® has an outstanding repo obligation in asset i, acquiring the asset allows

him to avoid paying the fail compensation C* = §. If no such obligation exists, then there
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is no trade.%

2nd spot market
In the second spot market of the second period, the bargaining problem between dealer

DB and buyer B for each asset i € {n, f} with P! < Pmaxi jg

DB, B,
max S st S =0
0<A®I <1, P

with

SP = (" + ' — P AYY,
SYP =My + [P - (L= PP} - PICA} oAy,

NV
expected short selling surplus in spot market

The buyer’s surplus is the difference between his valuation of the asset over the next two
subperiods, 6" + ¢!, and the price he pays, P} 66 The dealer’s surplus can be explained as
follows. Dealer DP receives the expected profit from short selling the asset (described in
the repo market problem in Section 3.2) and can offset his pre-financing cost 7. By selling
the asset, he no longer receives the coupon payment ¢. Since this coupon is still owed to
his repo counterparty, he must finance the payment from other sources.

Given that P* < Pma%i for asset 4, the joint surplus is non-negative. Therefore, the
solution to the problem is A% =1 and P = 6" + §'. Again, buyer B has no bargaining
power, so the price exactly compensates him for the utility he forgoes by selling the asset.

For all i € {n, f} for which P! > P™ there is no trade in asset i as S{>" < 0,
which also implies that the joint surplus is negative.®” The probability of failing to settle

is sufficiently high that, in expectation, selling the asset short yields a loss.

Repo market

The repo market problem has two cases depending on whether P > P™a%¢ for a given asset
i € {n, f}. The case with P* < P™# ig discussed in the main text (Section 3.2); here I
focus on the case with P* > Pmaxi,

For all i € {n, f} for which P’ > P™a¢ short selling is not profitable and no short

65The dealer has no access to funding.

8The buyer’s payoff is independent of whether he is matched in the next subperiod. If unmatched, he
receives utility 6’ from holding the asset. If matched, he sells the asset at PQb " = §!. Thus, his payoff in
the next subperiod is §' in either case.

67 Assumption 1 implies that P™a%% < 1, so that states with P’ > P™a%¢ can arise.

66



position is established in asset i. Since trade in asset ¢ has ceased, collateral is valued at

P! as defined in Section 3.1. The corresponding repo market surpluses are
SpPt = (r' = F)PjAR = —Sp>

Otherwise, the maximization problem is identical to that discussed in Section 3.2. Since
no short position is established, dealer D? does not obtain any additional surplus from
short selling. The only gains from trade arise from the difference between the repo rate r*
earned on the cash lent and the funding rate 7 at which the cash is obtained. Dealer D’s
surplus is unchanged. As dealers are assumed to trade even when indifferent, the solution

is AL =1and r’ = 7.

1st spot market
Because of its importance, the maximization problem for the first spot market and its

solution are presented in the main body of the paper; see Section 3.2.

A.3.2 First period maximization problems

In this subsection, I only point out the differences between the maximization problems in
the first period and those in the second period described in Section 3.2 and the previous

subsection A.3.1. Analogous to Definition 1, I define

.. maz,e — _ (6"—8)+2r(5"+4")
Definition 7. P = Goal) (o0 + PP

4th spot market
In the last spot market of the first period, the bargaining problem between dealer D* and

seller S for asset e is
max (S5 4 85 s.t. Sy = 09(Sy%¢ + S5°)

0<ATE<T, PMe
provided that DS holds a positive inventory of asset e, with S2%¢ = (P&¢ — § — PM)A%°
and SP° = (6 — P + PP)A%°. Compared to the second period, the price PP/ enters
the surpluses because we know that in the first subperiod of the second period (when the
asset is off-the-run), the dealer will buy and the seller will sell the asset. The solution is
A% =1 and P& =6+ PP,

If D does not hold asset e, there is no trade.
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Repo settlement
Settlement of outstanding repo contracts in asset e occurs in the same way as for the assets

in the second period.

3rd spot market
In the third spot market, the bargaining problem between a dealer D® who has an out-

standing repo contract in asset e and a buyer B is

DB B,
max Sy st Sy°=0
o<Abe<i, pbe

provided that B holds a positive inventory of asset e, with S3%° = (C' — P?*)ALY® and
S (PQI”e — 26 — (Sh)Ag’e. In the first period, the buyer’s surplus also includes his
valuation of the asset in the second period, which he loses if he sells the asset.® The
solution is AY¢ = 1 and PY¢ = 26! + 6"

In all other cases there is no trade.

2nd spot market
In the second spot market of the first period, if P¢ < P™#%¢ the bargaining problem

between dealer D? and buyer B is

DB B
max S8t S7C=0
0<ATC<1, e

with

SP¢ = (26" + 26" — P°) A},

SPPT =My + [P — (L PP — POAy 04y,

TV
expected short selling surplus in spot market

As in the previous maximization problem, the buyer’s surplus in the first period also
includes his valuation of the asset in the second period. The solution to the problem is
AP® =1 and P° = 20" + 25

DB.e

If P¢ > P™ma%¢/ there is no trade in asset e because S < 0, implying that the joint

surplus is also negative.

68Tt does not matter whether the buyer would resell the asset in the second period if he did not sell it
in the first period. The reason is that he has no bargaining power, so the price equals his valuation.
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Repo market
The repo market maximization problem is the same for asset e as for the other assets in

the second period with C°¢ = Py"“.

1st spot market
In the first spot market of the first period, the bargaining problem between dealer D and

seller S for asset e is

max SPSe 4 g% gt D% = gd(SP% 4 §5)
o<abe<y, phe
with SP%¢ = —re Mg + (6 + P° — PP AY and SP° = (PP — 6 — PP9)AY. The
maximization problem is the same as in the second period. The only difference is that
when writing down the surpluses, we no longer substitute the price in the second subperiod

(which reflects the future value of the asset), as it is no longer equal to § (see above). The

solution is A =1 and P’ = Py + 096" + (1 — 09)(—r¢ P + 6).

A.4 Other equilibria

In this section I discuss all other equilibria that can exist next to the short selling equi-
librium. First, I analyze an equilibrium where there is only short selling in on-the-run

assets.

Definition 8. An on-the-run short selling equilibrium is an equilibrium where Pt < Pmaz:t

fori € {e,n} and P¥ > Pme=/,

From our analysis in Section 3.2 we know that in this case the prices and repo rates
of the on- and off-the-run asset are the same as described in Lemma 1 except that rf =7
and there is no P/’ I and sz /. The latter is the case because there is no trade between D
and B as D” do not want to sell the off-the-run asset short as it is too risky to fail and
just keep it in their inventory.

It is straightforward to show that specialness in this equilibrium is higher than in the
short selling equilibrium because the off-the-run repo rate equals the ceiling rate 7. Due to
the difference in repo rates there is also a positive on-the-run premium in this equilibrium
(when comparing the remaining prices).

Lastly note that there exists no equilibrium where there is no short selling in on-the-run

assets e and n. The reason is that because buyers optimally only buy and never sell in the
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first subperiod and therefore always have at least an inventory of one asset in the second
subperiod P¢ = P" = 0. This implies that P > P* for i € {e,n} always holds.
Therefore the short selling and the on-the-run short selling equilibrium are the only

equilibria that can exist.

A.5 Extension: scarcity without inventory uncertainty

I established in Proposition 3 that scarcity is not necessary for an on-the-run premium,
although (as we have seen) it can act as an amplifier. As a last step, I provide in this
extension intuition that scarcity is also not sufficient for a positive on-the-run premium.

Assume the benchmark economy and suppose that the endowment of spot traders in
the two-period on-the-run asset e is two, while their endowment in the one-period on-the-
run asset n is three. In this case, the off-the-run asset f is scarcer than the on-the-run
asset n in every equilibrium. At the same time, there is no settlement risk associated
with off-the-run assets in any equilibrium because short sellers can always repurchase the
asset when they need to close their position. As a result, P* = P/ = 0, implying that
there is no on-the-run premium, i.e., A = 0. Hence, this extension shows that off-the-run
asset scarcity alone is not sufficient for an on-the-run premium. There exist equilibria in
which off-the-run assets are scarce, yet no on-the-run premium arises because inventory
uncertainty is absent.

While this example is not a general proof that scarcity is not sufficient for a positive
on-the-run premium, it provides strong intuition for why this is the case. Even when the

off-the-run asset is relatively scarce, no premium arises if inventory uncertainty is absent.

A.6 On-the-run cycle

The following figure illustrates the on-the-run cycle. In this example, an auction (A) is held
every quarter. The newly issued security is on-the-run until the next auction of securities

with the same maturity, after which it becomes off-the-run.

A.7 Simulation

I have shown in Corollary 2 that fails are increasing over time (i.e., off-the-run assets
fail more often than on-the-run assets) and in Proposition 5 that those fails are welfare

decreasing.
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Figure 14: On-the-run cycle

Auction 1 Auction 2 Auction 3 Auction 4 Auction 5 Auction 6
01/01/2022  01/04/2022  01/07/2022  01/10/2022  01/01/2023  01/04/2023

Y

Security
issued in Al

on-the-run off-the-run

Security
issued in A2

on-the-run off-the-run

Notes: The figure illustrates that an asset is initially on-the-run and becomes off-the-run when
the next generation of securities with the same maturity is auctioned and issued.

Despite this evidence, some smaller sovereign issuers (e.g., Canada and Sweden) employ
a pre-benchmark period in which a security is issued through several auction rounds before
it attains benchmark status. A benchmark has similar price and liquidity characteristics
to U.S. on-the-run Treasuries. It stays the benchmark for its maturity group until the next
bond of the same maturity becomes the new benchmark (Bulusu and Gungor, 2021).

One reason is the objective to first achieve a sufficiently large issuance size (Bulusu
and Gungor, 2021). This is in line with my result that larger issuance sizes decrease
settlement fails and are welfare improving (see Section 3.7.2). Another reason is that re-
peated issuance rounds can, under some circumstances, allow the security to become more
broadly distributed across market participants before benchmark status is assigned (Grav-
elle, 1998). Gravelle (1998) describes how distribution and liquidity are interdependent
and how a concentrated auction allocation in the hands of a few traders can lead to lower
liquidity in benchmark assets.

I conjecture that if the primary auction leads to an uneven allocation of assets among
participants, which may be more pronounced in smaller economies, settlement fails may
initially decline before increasing. To test this, I run two simulations: In one simulation, I
start with an equal endowment across participants. In the other, half of the participants
have no endowment, while the other half have twice the endowment of those in the first

simulation, so that the total number of assets in the system is the same.

A.7.1 Equal endowment

I assume there are 100 sellers and 900 buyers. Each buyer and seller is initially endowed

with one asset with infinite maturity. There are multiple periods, each with two subperiods.
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In each first subperiod, all sellers sell one unit of the asset, if they hold any, to a randomly
matched buyer. In the second subperiod, the sellers attempt to buy back one unit of the
asset, matching again with a random buyer who supplies the asset if they have a positive
inventory. If they do not have a positive inventory, we say a fail occurs and no asset is
bought back. In this set-up we abstract from the intermediation by dealers as this is not
relevant for what we want to show in this exercise.

Figure 15 gives an overview over the inventory distribution across buyers at the very

beginning and at the end of each period. We start from a degenerate distribution. Over

Figure 15: Inventories of buyers over time (equal initial endowment)
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Notes: The figure shows the inventory levels over time if the initial endowment is equal for all
buyers and sellers.

time, the distribution becomes non-degenerate, and the tail of the inventory distribution
lengthens progressively. At the same time, the mass of buyers with zero inventory (i.e.,
agents holding no assets) increases steadily. This, in turn, implies that the fail rate rises

over time, as illustrated in Figure 16a.

A.7.2 Unequal endowment

With unequal endowments, the pattern looks different. We assume that half of the agents

are endowed with two units of the asset, while the other half have no endowment. As in
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Figure 16: Fail rates over time
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Notes: The figure shows simulated fail rates over time under different endowment distributions.

the previous case, the tail of the right-skewed distribution becomes longer over time (see

Figure 17). However, unlike before, the mass of zero-inventory agents initially decreases,

Figure 17: Inventories of buyers over time (unequal initial endowment)
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Notes: The figure shows the inventory levels over time if the initial endowment is unequal.

leading to a corresponding initial decline in the fail rate (see Figure 16b). This may help
explain why some sovereign issuers delay benchmark status until a security becomes more

evenly distributed across market participants.
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A.8 Data

A.8.1 Data sources and summary statistics

This section summarizes all data sources used for the regressions and provides summary
statistics for the variables.

To calculate the on-the-run premium, the on-the-run yield is subtracted from the par
yield of seasoned bills and notes, as in Christensen et al. (2017). The data are taken from
the FED yield curve, which is an updated version of the original Giirkaynak-Sack-Wright
curve (Giirkaynak et al., 2010)% and the FRB-H15 Tables.”™ The fail rate data is based on
data from the FED’s Primary Dealer Statistics. It includes outright and financing fails.™
The net positions of primary dealers can be downloaded from the FED’s Primary Dealer
Statistics as well.”> The net positions are deflated using the Consumer Price Index for
All Urban Consumers: All Items in U.S. City Average, which can be downloaded from
FRED.™ The federal funds rate data are obtained from FRED. The VIX and MOVE data
can be downloaded from FactSet. The 10-year and 2-year yields (par yields of seasoned

notes in percent) are as well taken from the FED yield curve mentioned above.

A.8.2 Volatilities

Table 6 presents the volatility of primary dealers’ aggregate net Treasury positions in on-
and off-the-run notes and bonds.” Primary dealers’ aggregate inventories in on-the-run
Treasuries are substantially less volatile than their inventories in off-the-run Treasuries.
This holds across all maturity buckets.

Given the higher volatility of aggregate inventories in off-the-run relative to on-the-run

69The data can be downloaded here: https://www.federalreserve.gov/data/nominal-yield-curve.htm.

The data can be downloaded here: https://www.federalreserve.gov/releases/h15/.

"I'The percentage rates are not an exact measure. I use fail data and outright and financing transaction
data to calculate the series. According to the information from the NY FED, the off-the-run fails are an
average over the reporting week. The on-the-run transaction data is an average over the business days of
the reporting week. The rest of the used data is the value as of the reporting weekday or already a daily
average. [ adjust the final series for outliers and remove any negative values.

The data can be downloaded here: https://www.newyorkfed.org/markets/counterparties/primary-
dealers-statistics. On-the-run net outright positions are measured as the sum of net outright positions
in coupon-bearing on-the-run Treasuries. Off-the-run positions are constructed by subtracting aggregate
on-the-run positions from total net outright positions in coupon-bearing Treasuries.

731 set the index to 1 at the beginning of April 2013 as this is the start of the time horizon.

"The data can be downloaded from the FED’s Primary Dealer Statistics. The data are deflated using
the Consumer Price Index for All Urban Consumers: All Items in U.S. City Average, which can be
downloaded from FRED. I set the index to 1 when the on-the-run net positions time series starts in April
2013. T use data from April 2013 to the end of 2025. The frequency is weekly. To calculate the volatilities,
I use the average of the data over the full time horizon.
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Table 5: Summary statistics

Data Maturity Mean Median  St. Dev.
Average on-the-run premium in bp 2.57 2.37 1.30
Fail rate of off-the-run Treasuries in % 0.67 0.61 0.23
Fail rate of on-the-run Treasuries in % 0.41 0.33 0.30
Fail rate of on-the-run Treasuries in % 2Y 0.5621  0.2741  0.9647
Fail rate of on-the-run Treasuries in % 3Y 0.4504 0.2495  0.6222
Fail rate of on-the-run Treasuries in % 5Y 0.4953 0.3339  0.5810
Fail rate of on-the-run Treasuries in % Y 0.4200 0.2876  0.4537
Fail rate of on-the-run Treasuries in % 10Y 0.9644  0.3954  3.0010
Fail rate of on-the-run Treasuries in % 20Y 3.1826  0.6573  9.4184
Fail rate of on-the-run Treasuries in % 30Y 0.6342 0.3406  1.0103
PD off-the-run net positions (defl.) in USD bn 108.83  92.16 59.69
PD on-the-run net positions (defl.) in USD bn -1251  -1240  9.96
PD on-the-run net positions (defl.) in USD bn 2Y -0.6355 -0.5163  4.0860
PD on-the-run net positions (defl.) in USD bn 3Y -2.6215 -2.6308  3.8661
PD on-the-run net positions (defl.) in USD bn 5Y -3.7879  -3.7193  3.3768
PD on-the-run net positions (defl.) in USD bn 7Y -0.2551 -0.2026  2.6697
PD on-the-run net positions (defl.) in USD bn  10Y -4.2010 -3.8182  4.0179
PD on-the-run net positions (defl.) in USD bn  20Y -2.7003 -2.6485 1.5694
PD on-the-run net positions (defl.) in USD bn  30Y -0.5893 -0.6937 2.3312
Effective federal funds rate in % 1.76 0.91 1.93
In(MOVE) 4.31 4.27 0.32
In(VIX) 2.83 2.78 0.29
10Y-2Y spread in % 0.73 0.58 0.84

Notes: The time horizon used for this summary statistics table is April 2013 to Decem-
ber 2025. The on-the-run premium is the average premium across all coupon-bearing
Treasuries on a given day. PD is the abbreviation for primary dealers.
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securities, it is plausible that individual inventories of off-the-run Treasuries are also more
volatile and exhibit greater cross-sectional dispersion, thereby giving rise to the distribution

characterized in the theoretical framework, which in turn generates on-the-run premia.

Table 6: Primary dealer net positions volatilities

On-the- | Maturity | 2y 3y 5y Ty 10y 20y 30y
run | Volatility | 4.0 3.8 3.5 2.6 4.0 1.6 2.2
Off-the- ‘ Maturity ‘ <2y (2y,3y]  (3y,6y] (6y,7y] (7y,1ly] >11ly
run | Volatility | 20.7 7.9 175 8.0 9.6 10.6

Notes: The table presents the volatilities of aggregate net positions held by primary dealers
in on- and off-the-run coupon-bearing Treasuries. The frequency of the used data is weekly
and the time horizon is April 2013 to 2025. Source: FED.

A.8.3 Fail rates and net positions regression by maturity

Table 7 presents the same analysis as in Table 2 but using maturity-specific on-the-run fail

rates and on-the-run net positions. The regression equation is given by

On-the-run fail rate,,; = o + ;On-the-run primary dealer net positions,, ,
+ o In(MOVE,) + 83 In(VIX,) + S4Effective federal funds rate,

+ 85 10Y-2Y spread; + Bellio/14,c + Brllog/10.+ + Bsllos 20, + U,

where m € M = {2Y, 3Y, 5Y, 7Y, 10Y, 20Y, 30Y} denotes the maturity sector.

A.8.4 Additional robustness test

Table 8 reports regressions using first differences in net positions as a robustness check to

the baseline specifications in Table 2, which use levels.
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Table 7: Fail rates and net positions regression by maturity

Dependent variable: On-the-run (OTR) fail rate by maturity
(1) (2) 3) (4) () (6) (7)
2Y 3Y 5Y Y 10Y 20Y 30Y

OTR net positions by mat. -0.0393%** 0.0060 -0.0167*%*  -0.0382***  -0.1303**  -0.5939 -0.0474
(0.013)  (0.009)  (0.008)  (0.013)  (0.059)  (0.473)  (0.031)

In(MOVE) 0.7935%**  (0.5238%**  (.4708*** 0.1998** 0.1656 -0.9801 -0.1870
(0.189)  (0.151)  (0.129)  (0.098)  (0.479)  (5.406)  (0.180)
In(VIX) -0.0875 -0.1338 0.0019 -0.1771%* -0.3561 1.1397 0.3039
(0.162)  (0.090)  (0.115)  (0.087)  (0.504)  (3.246)  (0.278)
Effective federal funds rate -0.2418%** _0.1511*%** -0.1477*** -0.0773***  -0.0983 0.6585 -0.0058
(0.057)  (0.037)  (0.032)  (0.019)  (0.122)  (0.430)  (0.045)
10Y-2Y spread -0.4478F**  _0.2986**F*  -0.3101*%** -0.2334%*F*  _0.4843* -0.0599  -0.2692%**
(0.127)  (0.071)  (0.050) (0.050)  (0.247)  (2.281)  (0.083)
Oct 2014 fixed effect -0.4734%** 0.0792 -0.2091%%*  -0.2059***  -0.7644** - -0.1922*
(0.112) (0.128) (0.060) (0.053)  (0.323) - (0.110)
Sep 2019 fixed effect 0.4371 -0.3407FF*  _0.2202*%F*  _0.2841*F**  1.7421** -0.0113
(0.441) (0.065) (0.062) (0.060)  (0.678) - (0.261)
Mar 2020 fixed effect -0.8068*** 0.1500 0.0196 0.5336***  3.1428%** - 2.4547***
(0.129)  (0.269)  (0.180) (0.133)  (0.609) - (0.800)
Constant 0.5656***  0.4508***  0.4979%%*F  0.4207FFF  (0.9396***  3.1826%**  (.6158***
(0.043)  (0.030)  (0.028) (0.022)  (0.124)  (0.659)  (0.049)
No. Observations 456 469 629 385 634 174 490
Adj. R? 0.118 0.102 0.133 0.093 0.026 -0.012 0.100

Notes: 1 use Newey-West standard errors with 6 lags. *** indicates significance at the 1% level. ** indicates sig-
nificance at the 5% level. * indicates significance at the 10% level. The sample period is April 2013-2025 and the
frequency is weekly.

The net positions of primary dealers can be downloaded from the FED’s Primary Dealer Statistics,
https://www.newyorkfed.org/markets/counterparties/primary-dealers-statistics. On-the-run net outright positions (in
bn USD) are measured as the sum of net outright positions in coupon-bearing on-the-run Treasuries by maturity. The
data are deflated in the same way as in Figure 12. The fail rate data (in percent) are the same as in Figure 5b but by
maturity. The top 1% of observations within each maturity bucket are excluded. The 20-year Treasury bond was rein-
troduced in 2020. Maturity-specific data are only available from 2022 onward, so the 20-year sample begins in 2022. The
federal funds rate data are obtained from FRED. The MOVE and VIX data are taken from FactSet. The 10-year and
2-year yields (par yields of seasoned notes in percent) are taken from the FED yield curve, which is an updated version
of the original Giirkaynak-Sack-Wright curve (Giirkaynak et al., 2010), https://www.federalreserve.gov/data/nominal-
yield-curve.htm. The crisis fixed effects capture the months October 2014, September 2019 and March 2020. All
independent variables, except the crisis dummies, are demeaned.
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Table 8: Fail rates and net positions regression

(1) (2) (3) (4)
Off-the-run  Off-the-run  On-the-run  On-the-run
fail rate fail rate fail rate fail rate
A Off-the-run net positions -0.0013***  -0.0012%**
(0.000) (0.000)
A On-the-run net positions -0.0053***  _0.0051***
(0.002) (0.002)
In(MOVE) 0.2510%%* 0.4356%%*
(0.045) (0.101)
In(VIX) -0.2093*** -0.0379
(0.049) (0.099)
Effective federal funds rate -0.1107%** -0.1096***
(0.010) (0.029)
10Y-2Y spread -0.2043%%* -0.3126%**
(0.022) (0.049)
Oct 2014 fixed effect 0.1514%** -0.1476%**
(0.053) (0.051)
Sep 2019 fixed effect -0.1806%** 0.1087
(0.049) (0.087)
Mar 2020 fixed effect 0.0003 1.2623***
(0.062) (0.263)
Constant 0.6449%** 0.6444*** 0.5198%** 0.5139%**
(0.017) (0.012) (0.034) (0.024)
No. Observations 593 593 608 608
Adj. R? 0.009 0.279 0.011 0.217

Notes: 1 use Newey-West standard errors with 6 lags. *** indicates significance at

the 1% level. ** indicates significance at the 5% level. * indicates significance at the
10% level. The sample period is April 2013-2025 and the frequency is weekly.

The net positions of primary dealers can be downloaded from the FED’s Primary
Dealer Statistics, https://www.newyorkfed.org/markets/counterparties/primary-
dealers-statistics. On-the-run net outright positions (in bn USD) are measured as the
sum of net outright positions in coupon-bearing on-the-run Treasuries. Off-the-run
positions are constructed by subtracting aggregate on-the-run positions from total
net outright positions in coupon-bearing Treasuries. The data are deflated in the
same way as in Figure 12 and first-differenced. The fail rate data (in percent) are the
same as in Figure 5b; outliers are removed by excluding negative observations and
the top 5% of observations. The federal funds rate data are obtained from FRED.
The MOVE and VIX data are taken from FactSet. The 10-year and 2-year yields
(par yields of seasoned notes in percent) are taken from the FED yield curve, which
is an updated version of the original Giirkaynak-Sack-Wright curve (Giirkaynak
et al., 2010), https://www.federalreserve.gov/data/nominal-yield-curve.htm. The
crisis fixed effects capture the months October 2014, September 2019 and March
2020. All independent variables, except the crisis dummies, are demeaned.
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