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Abstract

We document the rise and fall of an arbitrage trade among hedge funds known as the Trea-
sury cash-futures basis trade. This trade exploited a fundamental disconnect between cash and
futures prices of Treasuries. We show that in recent years a replicating portfolio of Treasury bills
and futures has been overvalued relative to Treasury notes and bonds, creating an opportunity
for arbitrageurs. Using regulatory datasets on hedge fund exposures and repo transactions, we
are able to both identify these arbitrage positions and estimate their aggregate size. We show
that the basis trade became popular among hedge funds following 2016, rising to make up as
much as half of all hedge fund Treasury positions and around a quarter of dealers’ repo lend-
ing. We present a model and empirical evidence that link the rise in the basis trade to broader
developments in the Treasury market, and shows how the trade could contribute to financial
instability. In March of 2020, many of the risks of the trade materialized as Treasury market
illiquidity associated with the COVID-19 pandemic led to large sales of these basis trade po-
sitions among hedge funds. While Treasury market disruptions spurred hedge funds to sell
Treasuries, the unwinding of the basis trade was likely a consequence rather than the primary
cause of the stress. Prompt intervention by the Federal Reserve may have prevented the trade
from accelerating the deterioration of Treasury market functioning. Our results underscore the
importance of non-bank actors in the current structure of the Treasury market, and suggest this
structure could create risks going forward.
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1 Introduction

During the first week of March 2020, the market for U.S. Treasury securities — the safest and most

liquid asset market in the world — began to experience stress. By March 11, Treasury markets

faced unprecedented disruptions: bid-ask spreads, particularly on longer maturity bonds such as

the 30-year, widened to unseen levels; repurchase agreement (repo) rates on Treasury collateral

skyrocketed; and various arbitrage spreads diverged. It is difficult to overstate the importance of

Treasury markets in the global financial system, and instability there would reverberate to every

corner of financial markets. The Federal Reserve quickly stepped in, dramatically expanding pur-

chases of Treasury securities from dealers and offering unlimited repo and reverse repo facilities

on Treasury collateral.1 By the end of March, turmoil in Treasury markets had largely subsided

and market functioning returned to normal.

The focus soon turned to a post-mortem on how the U.S. Treasury market could have expe-

rienced such severe disruptions. One leading candidate was hedge funds exiting the Treasury

cash-futures “basis trade.”2 The Treasury cash-futures basis represents an arbitrage relationship:

Pt,τ =
T∑
s=t

Bt,scs +Bt,TFt,τ,T . (1)

The price of the bond in the cash market (Pt,τ ) must be equal to the present values of the coupon

payments (Bt,scs) plus the futures price (Bt,TFt,τ,T ). When the futures price is too high relative

to the cash price, arbitrageurs can go “long the basis” by buying the cash bond and shorting the

futures. The trade profits from the convergence of the cash and futures prices at the delivery date.

To establish a (nearly) zero net cash outlay, the purchase of the long position is financed in the

repo market, usually short-term or overnight, with the bond as collateral.

In this paper we explore a massive shift in Treasury markets — a dramatic rise in hedge fund

participation. We use a variety of publicly available and regulatory datasets to show that much

of the steep increase in hedge fund Treasury exposure between 2017 to 2019 is attributable to the

cash-futures basis trade, which profits from the disconnect between cash and futures prices. At its

1While these weren’t the only interventions, they were likely the most important. The Fed also excluded Treasuries
from the Supplemental Leverage Ratio and Enhanced Supplementary Leverage Ratio.

2See Schrimpf et al. (2020) as one example.
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peak, we estimate the size of hedge fund positions associated with the basis trade was between

$400 – $500 billion, constituting more than 60% of total hedge fund Treasury exposure, more than

70% of hedge fund repo borrowing, and more than 25% of dealers’ repo lending.

We argue that through this trade hedge funds serve as warehouses for Treasuries, storing them

on behalf of holders of long Treasury futures positions and funding them in the repo market. This

warehousing role establishes a link between Treasury markets, futures markets, and repo markets.

We show that variability in hedge funds’ costs to warehouse these Treasuries arises from limits to

arbitrage, specifically repo market illiquidity and margin requirements. We construct a model

to illustrate how these limits impair risk-sharing between dealers and holders of long futures

positions. The model also demonstrates that hedge funds’ reliance on market-based financing to

trade the basis potentially exposes the Treasury market to both margin risk and rollover risk on

repo funding. We discuss how many of these risks materialized in March 2020, and rapid and

large-scale Federal Reserve interventions likely prevented a liquidity spiral.

We begin by documenting the disconnect between cash and futures prices. As a simple bench-

mark, we compare the futures price to the present value of the security to be delivered into the

futures contract. In the absence of frictions, the only difference in these prices is due to time;

the cash price is in today’s dollars and the futures price represents dollars at the future delivery

date. We show empirically that for the Treasuries that underlie this trade, as the delivery date

approaches the price of the cash note converges to the futures price, with vanishingly small varia-

tion in the price difference at the delivery date. However, the no-arbitrage condition requires more

than simple convergence; in the absence of financing frictions and inventory costs, the cash note

price must converge to the futures price at the risk-free rate. We show that this condition is fre-

quently violated. Moreover, we show that deviations are extremely persistent, and correlated with

episodes of stress in financial markets, suggesting the importance of limits to arbitrage. We show

that securities that are included in the basis trade have higher average prices than what would

be implied by similar Treasuries. In times of financial stress this spread increases, suggesting the

basis trade contributes to a substantial liquidity premium on the underlying Treasuries.

We next demonstrate that the disconnect in cash and futures prices between 2017 and 2019

was associated with the major shift in Treasury market structure toward hedge funds and market-
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based finance. Beginning in early 2018, the cash-futures disconnect began to widen. Demand from

traditional asset managers for off-balance-sheet duration exposure pushed futures above their no-

arbitrage prices. Hedge funds met this demand by going long the basis (shorting the futures and

purchasing the cash note). The magnitudes of these changes are substantial. From the end of 2017

through September 2019, total hedge fund Treasury exposure grew from $1.06 trillion to $2.02

trillion, an increase of $960 billion, while total hedge fund short futures positions increased by

$352 billion. Over the same period, total hedge fund repo (borrowing plus lending) increased by

$522 billion. Meanwhile, two-year short futures across all investor types grew by 113% between

the end of 2017 and end of 2019, and hedge funds accounted for nearly 73% of this growth.

We develop an equilibrium model that ties this shift in the Treasury market and the cash-

futures disconnect to limits to arbitrage. The model combines aspects of Greenwood and Vayanos

(2014) and Brunnermeier and Pedersen (2008). It features dealers and asset managers as well as

shocks to preferred-habitat investors. The mixture of segmented markets and limits to arbitrage

from margin constraints is similar in spirit to Gromb and Vayanos (2018) and Kondor and Vayanos

(2019), though our focus is on the particulars of the cash-futures basis rather than the generalities

of arbitrage. Dealers and asset managers invest in segmented cash and futures markets. Hedge

funds play a role in the model as “warehouses” of Treasuries, holding them on their balance sheet

for delivery to asset managers in the futures market, and funding them through repo. Through

this warehousing role, hedge funds facilitate risk-sharing between dealers and asset managers.

In the event of large sales by preferred-habitat investors, hedge funds are forced by their margin

constraints to unwind their trades, exacerbating the direct effects of these sales. The risks of these

margin-induced sales is compounded by rollover risk in the repo market. In combination with

the difference in liquidity between repo and bills, these risks lead to a disconnect in equilibrium

between cash and futures prices of Treasuries.

We provide empirical evidence that supports the model’s predictions. First, borrowing costs

for hedge funds proxied by the spread between the GCF repo rate and interest rate on excess re-

serves (IOER( are positively associated with the Treasury cash-futures disconnect. When funding

costs are high, arbitrage is costly, and the futures price strays further from the cash price. Next,

we show that the amount of Treasuries held on dealer balance sheets, which is inversely related to
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dealer’s willingness to supply funding with Treasury collateral, is also related to the cash-futures

basis. Higher dealer Treasury exposure is associated with a higher arbitrage spread. Finally, condi-

tional on dealer Treasury exposure and the VIX volatility index, maintenance margin on Treasury

futures is positively associated with the basis for the 5-year, 10-year, and Treasury bond securities.

The relationship is insignificant for the 2-year note, likely due to much smaller initial margins on

2-year futures. These results point toward funding costs and margin risk as impediments to ar-

bitrage in the Treasury cash and futures markets, and demonstrate that when funding costs and

margin risk are high, the disconnect between cash and futures prices is likely to be larger.

To evaluate the potential risks our model highlights for the shift in Treasury markets, we ex-

amine stress in Treasury markets in March 2020 and the accompanying policy response. Sales in

Treasury markets by real money investors led to increases in margins on Treasury futures con-

tracts and rising volatility in repo markets. Our model suggests that in the extreme case, the risks

inherent in the basis trade can lead to a liquidity spiral. Indeed, hedge funds appear to have par-

tially unwound their basis positions, reducing short futures held in the 2-year, 5-year, and 10-year

contracts from $659 billion to $554 billion between February 18 and March 17, 2020. The reduction

in short futures was accompanied by sales of cash Treasuries held on the long side of the trade;

we estimate that funds that we classify as “large basis traders” sold between $91 – $105 billion be-

tween the end of February and end of March 2020.3 These sales could have accelerated Treasury

market stress by further depreciating prices.

However, despite these sales, we provide evidence that basis trades were unlikely to be the

primary cause of stress in Treasury markets leading up to March 17, given that the Treasuries un-

derlying the trade continued to trade at a premium. Timely interventions in repo and Treasury

markets by the Federal Reserve likely stabilized markets and prevented further market deterio-

ration. Still, we argue that had regulators not intervened, hedge funds would have likely ampli-

fied stress through Treasury markets. The Fed’s intervention in the repo market restored normal

borrowing rates, and purchases of Treasuries for primary dealers relaxed constraints on balance

sheets and allowed dealers to more efficiently intermediate markets. Had the Fed not intervened,

our model suggests a Brunnermeier and Pedersen (2008) style liquidity spiral may have resulted,

3These estimates match Schrimpf et al. (2020) and Barth and Kahn (2020), which also examine the role of the basis
trade in March Treasury sales.
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leading to unparalleled stress in the world’s most important asset market.

The consequences of the shift towards hedge fund Treasury holdings span across markets that

are opaque to many researchers and observers. Our hedge fund data come from regulatory fil-

ings through the e U.S. Securities and Exchange Commission’s (SEC) Form PF. The data contain

information on hedge fund activities, including size, asset class exposures, leverage, borrowing,

and much more. Relevant to this study is information on hedge fund Treasury positions, both

long and short, as well as repo borrowing and balance sheet leverage measured as the ratio of

gross assets (balance sheet assets) to net assets (equity capital). Additional information on hedge

fund borrowing rates and volumes comes from the Office of Financial Research’s Cleared Repo

Collection. The collection of this data began in 2019, and the data provide transaction-level cov-

erage for all trades in the Fixed Income Clearing Corporation’s bilateral DVP Service and their

GCF Repo Service, the two cleared markets in the United States. The data contains detail on bor-

rowing rates, collateral, and counterparties in each trade. These counterparties are hand-matched

to hedge funds in the Form PF data, and we use this data both to analyze borrowing costs and

to examine in detail hedge funds’ repo positions in individual Treasuries. For the period before

this data is available, we proxy for hedge fund borrowing rates using the GCF Repo Index. We

also use publicly available futures data from the CFTC’s Commitments of Traders data. We use

Bloomberg for Treasury futures prices, and CRSP for cash prices of Treasuries. This mixture of

data sets allows us to present the most complete picture of this arbitrage trade to date.

Our results contribute to a number of different literatures. First, our paper documents a pre-

viously underexplored arbitrage opportunity that is important for the term structure of interest

rates, and our setting allows us to identify both the participants in this arbitrage trade and its

effects on individual securities and participants. Similar to Lenel et al. (2019), our findings high-

light the importance of disconnects between Treasury bills and longer-maturity Treasuries. In

contrast to Lenel et al. (2019), we are able to demonstrate a specific tradeable opportunity related

to this disconnect. For a large class of term-structure models these arbitrage opportunities rep-

resent a puzzle. Our model explains this puzzle in an environment with limits to arbitrage and

preferred-habitat investors that extends Brunnermeier and Pedersen (2008) and Greenwood and

Vayanos (2014). Our focus on the consequences of limits to arbitrage for a specific trade relates
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to the literature on deviations from covered-interest-parity, such as Du et al. (2018) and Avdjiev

et al. (2019). One difference is that we show that the majority of this arbitrage activity is concen-

trated in non-bank arbitrageurs. More importantly, however, we show the basis trade presents an

arbitrage opportunity only for a specific and narrow set of Treasury securities. We are therefore

able to precisely identify arbitrage positions, examine their funding in repo markets, and discuss

the effects of arbitrage on the underlying securities relative to comparable securities for which the

arbitrage is unavailable. This provides much more precise identification of the effects of arbitrage

and limits to arbitrage on securities values.

Several papers in this literature have included the cash-futures basis trade as a component of

broader measures of returns to near-arbitrage strategies, such as Boyarchenko et al. (2018) and

Du et al. (2019). These papers have been focused on dealers and banks as arbitrageurs across

multiple markets. Fleckenstein and Longstaff (2018) focuses specifically on the cash-futures basis

as a measure of dealer inventory constraints in Treasury markets. Our results also indicate that

dealers’ Treasury inventories are an important driver of returns on the basis trade. However, we

emphasize the key role of non-bank actors and especially hedge funds in the basis trade. When

dealers are constrained in this trade, hedge funds are often the marginal investor, and we show

that hedge funds and not dealers or banks make up the majority of short positions in the Treasury

futures market. This brings us closer to Boyarchenko et al. (2018), which focus on the relation-

ship between hedge fund arbitrage and prime broker funding around the implementation of the

supplementary leverage ratio. This predates the rise of the cash-futures basis trade among hedge

funds, our main focus in this paper, which in contrast to their results on the passage of the SLR we

show was associated with a rising disconnect between cash and futures prices as well as increasing

hedge fund leverage and borrowing in repo markets.

Second, our paper highlights the changing nature of the Treasury market, particularly the in-

creased importance of non-bank actors and repo markets in Treasury market functioning. While

links between the Treasury market and repo market have been previously established, for instance

by Singh and Stella (2012), D’Amico et al. (2018), Correa et al. (2020), Afonso et al. (2020), and In-

fante et al. (2020), we specifically explore the rise of hedge funds as participants in both repo and

Treasury markets. In contrast to papers relying on GCF or tri-party data, our use of regulatory
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DVP repo data allows us to examine hedge fund borrowing costs specifically. Using administra-

tive data, we are also able to link repo borrowing to the underlying Treasury collateral borrowed

against, and therefore precisely identify positions related to the basis trade. Indeed, our data

show that hedge funds are major participants in the DVP repo market and that a disproportionate

amount of their activity is associated with securities that are associated with the basis trade.

Third, relative to the post-mortem on March Treasury illiquidity, we provide evidence on the

contribution of hedge fund basis trades to this stress event. Previous studies have noted the im-

portance of hedge fund Treasury sales in March, notably Schrimpf et al. (2020). He et al. (2020)

presents a model similar to ours in which hedge funds and dealers play a key role in episodes

of illiquidity. However, in their model hedge funds participate in arbitrage between different

Treasuries, with somewhat balanced short and long positions across maturities of cash Treasuries.

We point out that much of hedge fund Treasury exposure can be attributed to the basis trade, in

which hedge fund arbitrage is between cash Treasuries and Treasury futures. This highlights the

importance of linkages across different markets in the March Treasury illiquidity episode. We also

expand on their model by including margin accounts and haircuts, which highlights the destabi-

lizing role that hedge fund basis trades can play in times of stress.

Finally, we contribute to the literature on hedge funds and systemic risk. Since the failure

of Long-Term Capital Management (LTCM) in 1994, regulators have recognized the potential for

stress at a large hedge fund to have consequences for financial stability. Chan et al. (2006) examines

the implications of hedge fund illiquidity for systemic risk. Ang et al. (2011) shows that hedge

fund leverage fell considerably in the wake of the 2008 financial crisis. Boyson et al. (2010) finds

contagion in hedge fund returns, with excessive correlation in the tails of the distribution of hedge

fund returns. Aragon and Strahan (2012) shows that shocks to traders’ funding liquidity during

the Lehman Brothers’ bankruptcy reduced the market liquidity of the assets that they traded.

Brunnermeier and Nagel (2004) shows that hedge funds sold technology stock prior to the collapse

of the dot come bubble.

The paper is organized as follows. Section 2 establishes the basic arbitrage relationship be-

tween Treasury cash and futures prices and examines the convergence in prices by the delivery

date. Section 3 discusses the frictions that impose limits to arbitrage in the Treasury cash and fu-

7



tures markets and highlights potential risks associated with the trade. Section 4 describes hedge

funds’ dramatically expanded participation in the basis trade. Section 5 develops a model of lim-

ited arbitrage that provides economic content to these empirical findings, and formalizes the risks

to Treasury market functioning that arise from cash-futures arbitrage. Section 6 provides empir-

ical evidence in support of the model. Section 7 explores the disruptions in Treasury markets in

March and examine what, if any, role the hedge fund basis trade had. Section 8 concludes.

2 The cash-futures disconnect

The cash-futures basis trade enforces a form of arbitrage between the spot price and futures price

of Treasuries. When these prices diverge, hedge funds and other arbitrageurs can profit from

this difference. In this section, we document the circumstances under which the spot and futures

prices diverge, as well as describe the risks associated with trading the basis.

In the vast majority of term-structure models, cash and futures prices are closely related. In

particular, the value of a bond should be equal to the discounted value of coupons on that bond

plus the value of a futures contract on that bond:

∑T
Pt,τ = Bt,scs +Bt,TFt,τ,T ,

s=t

(2)

where Pt,τ is the price of a government coupon security at time t that matures at time τ , Bt,s is the

price of a zero-coupon government security maturing at time s, cs are coupon rates at time s and

Ft,τ,T is the invoice price for bond futures agreed to at time t and delivering at time T . Crucially,

this equation does not depend on any assumptions about risk or preferences, in contrast to the

expectations hypothesis, which would replace the futures price of the bond with the expected

future price.4 The only necessary assumptions for this equation are that agents are able to borrow

and lend freely for any maturity at the same rate that the government borrows and that the futures

agreement does not require the posting of margin.

In practice, this no-arbitrage condition is frequently violated. In recent years, the futures price

has been above its no-arbitrage price, creating an opportunity for hedge funds to earn a profit by

4The relationship between equation (2) and the expectations hypothesis is analogous to the relationship between
covered and uncovered interest parity.
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going short the futures contract and long the underlying bond. The model we present in section

5 formalizes the economic forces that may limit arbitrage between cash and futures prices. There

are several. First, hedge funds cannot borrow at the Treasury bill rate, but must instead borrow

at the repo rate, pledging the underlying bond as collateral. Second, both as a result of counter-

party risk and due to regulatory costs on their lenders, hedge funds tend to borrow at overnight

rates instead of securing financing for the full duration of the futures contract. This exposes hedge

funds to rollover risk on their repo borrowing. Further, counterparties on futures contracts (in this

case the Chicago Board of Trade (CBOT)) demand margin payments on futures contracts. This

exposes arbitrageurs to further risks of margin calls, which, when coupled with the high leverage

involved in this arbitrage, can result in large cash outflows it is difficult for the trader to meet.

We review some of these risks in detail in section 5 and in section 7, where we discuss the

Treasury market disruptions in March 2020. In this section, we focus on the returns to the trade

itself. We begin by outlining the structure of the futures market. Only some Treasury securities are

eligible for delivery into the futures contract, and in general only one of these securities, known

as the “cheapest-to-deliver,” will be optimal to deliver at any given time. We then discuss the

disconnect between cash and futures prices of underlying cheapest-to-deliver Treasuries. We show

that in recent years, futures have traded at a premium over cash Treasury prices, and that this

premium has predictable time series variation. Moreover, the disconnect between cash and futures

prices tends to be high in times of financial stress, and is highly correlated with measures of the

disconnect between bill prices and coupon prices. Finally, we examine how the futures market

affects the prices of underlying Treasuries deliverable into the contract, showing that the prices of

otherwise similar Treasuries are affected by their deliverability into the futures contract.

2.1 Structure of the futures market

The details of the basis trade are arcane in part because of the structure of the futures market, and

the peculiar nature of delivery into this market as operated in the United States by the Chicago

Board of Trade. This structure affects not only the traders themselves, but also how an empirical

counterpart to Ft,τ,T in equation (2) must be constructed. Because the structure of this market is

not widely discussed in economics, we briefly review some of these details, though we also refer
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the reader to more in-depth treatments such as Burghardt and Belton (2005).

The CBOT offers Treasury futures contracts at various maturity points. These contracts, unlike

other interest rate futures, require physical delivery of an underlying Treasury. Not all Treasuries

are eligible for delivery into a Treasury futures contract. However, in order to keep the contract

suitably liquid, these futures contracts allow for a set of maturities among which any Treasury in

that deliverable set can be used to fulfill a short position’s obligations to deliver. These maturity

sets are based both on the Treasury’s original maturity and its residual maturity on the last day of

the delivery month. Despite the breadth of deliverable maturities, futures contracts are commonly

referred to as 2-year notes, 5-year notes, 10-year notes, 10-year ultra notes, bonds, and ultra bonds.

Table 1 provides details on the deliverable sets and terms for each of these Treasury futures.

In order to establish a means to deliver across different maturities, the CBOT establishes “con-

version factors” for each Treasury in the deliverable set. These conversion factors are applied to

the Treasury futures price, and are determined by the coupons and maturity of the Treasury used.

Conversion factors are not directly based on market prices. As a result, depending on the futures

price, conversion factor, and other details of the underlying bond, at any given time some deliv-

erable Treasuries will be more desirable to settle a short futures position than others. The most

desirable Treasury is referred to as the cheapest-to-deliver. As we show below, the cheapest-to-

deliver is involved in much of the arbitrage activity in the basis trade, and will be the focus of

much of our analysis in this paper. However, other Treasuries can be delivered and may be in-

volved in the trade as well. This is less common because the delivery option is less likely to be

relevant to these Treasury securities.

While the option to deliver disciplines the prices of Treasury futures, actual delivery is rare.

Within the delivery month of the Treasury, several options are available for short positions re-

garding the timing of delivery and the exact Treasury delivered. These options are reviewed in

Burghardt and Belton (2005). In part as a result of these options, which greatly complicate the

trade and introduce other sources of risk, many traders in Treasury futures choose not to carry

their positions into the delivery month. The Chicago Mercantile Exchange reports that only 2.6%

of Treasury futures open interest actually result in physical delivery. Figure 1 shows open interest

in Treasury futures for 2019 by option maturity. By the beginning of the delivery month, most

10



Treasury futures contracts are rolled into the next contract to deliver. This roll occurs generally

before the last two business days of the month prior to the delivery month, which is referred to

as the first position day, and which is the first step in the Treasury futures delivery process. In

the discussion below, we will generally focus only on the contract with the highest volume for

a particular day, following traders in avoiding the complications of the delivery month. How-

ever, the option to carry these contracts into delivery is still what drives arbitrage returns, and

ultimately determines the profitability of the basis trade. We therefore still employ the invoice

price, the price for delivery determined by the conversion factor and accrued interest for a specific

deliverable Treasury, in our discussion of arbitrage trades and our reconstruction of equation (2).

2.2 Treasury Cash and Futures Data

To our knowledge, we assemble the most comprehensive research dataset compiled on returns to

Treasuries and futures taking into account the full features of the delivery process. This allows us

to construct an empirical counterpart to equation (2). The relationship in this equation need only

hold for deliverable Treasuries, and among these may only hold for the cheapest-to-deliver, which

is the Treasury most desirable for delivery by the short position. We establish the deliverable set

using the rules above, and verify this set against Bloomberg. The rules for the deliverable set for

Treasury bond futures changed in 2011 with the introduction of the ultra bond contract. Prior to

2011, Treasury bond futures included all Treasury securities with residual maturities greater than

15 years. After 2011, bonds with residual maturities greater than 25 years were removed from the

deliverable set for bond futures and moved into the deliverable set for ultra bond futures. For

callable Treasuries, the CBOT contract treats their residual maturity as determined by their first

callable date. We establish conversion factors for these Treasuries from the formula used by the

CME. This conversion factor formula changed in February of 2000, which we take into account in

our estimates. For each deliverable Treasury, we use CRSP mid prices to measure Pt,τ .

We must then account for coupon payments. Where possible, we use the realized coupon

schedule recorded in CRSP for the calculation of ct,s. For Treasuries that pay coupons past the end

date of our CRSP sample, we use the coupon schedule of the Treasury and account for the fact that

coupons are generally paid on business days following holidays or weekends. We discount these

11



coupons using zero-coupon bill prices, Bt,s. We use the exact bill price paying off on the date

of a coupon payment or on futures delivery whenever possible, and otherwise we interpolate

existing bills. Because these coupon payments are all within a year, bill prices will generally cover

the necessary period, and it is not necessary to rely on more complicated methods such as spline

interpolation, because there is always a bill of longer residual maturity than the delivery date

trading. When no bill is trading of shorter maturity between the trade date and the date of the

payment of the contract, we assume that a bill maturing today would trade at par, and use this as

the lower value in interpolation. As with the coupon security, we use the mid price for bills.

Finally, we must calculate the futures invoice price, Ft,τ,T . To measure the invoice price, F̃t,τ,T ,

we use the last trade price for the futures contract in Bloomberg. Where possible we have verified

our results against Bloomberg. We then apply the conversion factor for the particular Treasury to

this futures contract. Finally, for the purposes of calculating accrued interest, we assume that the

first delivery date is when the Treasury will be delivered. In reality, the exact delivery date is an

option exercised by the seller. We have tried different delivery assumptions and found they do

not have much effect on our results.

We also form our estimate for the cheapest-to-deliver Treasury in the deliverable basket. For-

mally, the definition of the cheapest-to-deliver is the Treasury most profitable for delivery into the

short position, taking account of the repo rate, Treasury prices, and cash prices. For our purposes

we define the cheapest-to-deliver as:

F
CTD t,τ,T

t,τ,̃T = argmin
τ∈Ω(t,τ,̃T ) Pt,τ −Bt,scs

(3)

where Ω(t, T ) includes all Treasuries in the delivery set τ̃ futures delivering at time T that are

available to traders as of time t. This approximates practice among many traders, who tend to

form the cheapest-to-deliver using the futures price and cash price and assuming that coupons

are reinvested at a constant rate. However, it is important to note that this formulation implicitly

assumes that repo rates across the deliverable basket are approximately equal. In the case of

special collateral repo this may not be true, as the repo rate on the cheapest-to-deliver may differ

from other repo rates. We discuss the validity of this assumption using our repo data below.

In all, we are able to form daily matched futures and Treasury data going back to 1977 for the
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Treasury bond futures contract, to 1982 for the 10-year contract, to 1988 for the 5-year contract,

and to 1990 for the 2-year contract. These dates match the introduction for these futures contracts

on the CBOT. We show 30-day rolling average futures implied yields and bill yields for the full

sample for the bond contract in Figure 2. As can be seen, we are able to establish a close match

between bill yields and futures, suggesting our methodology is fairly accurate. However, the 5-

year and 2-year were very thinly traded for the first part of the sample, and so for comparability

we begin the sample we will use for analysis on January 1, 1992.

2.3 Convergence of cash and futures prices

First, we examine the simplest form of convergence of cash and futures prices of Treasuries as the

delivery date approaches. We construct a spot position equal to the present value of the Treasury

to be delivered into the futures contract. To do so, we subtract from the price of the cash note the

present value of coupon payments prior to the futures delivery:

∑T
P̃t,τ,T = Pt,τ − Bt,scs

s=t

Figure 3 plots P̃t,τ,T against the futures price for the cheapest-to-deliver Treasury, averaged over

all contracts from 1992 to 2020. Both converge to their values at the futures delivery date from

below. Note that the upward drift of the futures price is a rejection of the expectations hypothesis;

because the futures price represents the price of the same asset obtained in the same time period

(T ), the expectations hypothesis would imply the futures price should be a random walk around

its last invoice price. The cheapest-to-deliver price is always below the futures price in expectation,

but rises faster. It is unsurprising that in Figure 3 the cash price is below the futures price because

the cash price is discounted to the present, whereas the futures price is dollars in period T . In a

world without frictions or storage costs, the cash price should then converge to the futures price

at a rate equal to the risk-free rate. When the rate of convergence is faster, there is a potential

arbitrage opportunity. We expand on these implications throughout the rest of the paper.

The convergence of the cheapest-to-deliver price to the note price is virtually guaranteed by the

delivery date, because on that date the Treasury can be delivered essentially directly into the short
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contract, receiving the futures price. This bounds the futures price by the note price from below.

Similarly, a long position in the futures contract is virtually guaranteed to receive the cheapest-to-

deliver, which they could also purchase directly in the cash market. This bounds the futures price

by the note price from above. As a result, cash and futures prices converge not only in expectation

but also with near certainty. Figure 4 shows that the variation in the cash-futures disconnect falls

to zero for the cheapest-to-deliver at the delivery date. The equality between futures prices and

note prices at delivery underlies the arbitrage strategy we study in this paper.

Convergence to the futures price does not hold for all deliverable Treasuries. Figure 5 plots the

same series for Treasuries that are deliverable but are not the cheapest-to-deliver. In general, the

Treasury cash price lies above the futures price even at delivery, and the two prices tend to diverge

over time. This lack of convergence results because a long futures position is virtually guaranteed

to not receive any bond other than the cheapest-to-deliver, meaning there is no upper bound on

the futures contract from non-deliverable maturities.

Because of its convergence to the futures price, we restrict much of our analyses to the cheapest-

to-deliver. However, throughout the lifetime of a futures a contract, the cheapest-to-deliver may

change. This can happen in two ways: either prices of one Treasury fall relative to the cheapest-

to-deliver, or a new Treasury is issued that becomes the cheapest to deliver. While this matters

for convergence, it is important to note that a short futures position with a Treasury that is no

longer cheapest-to-deliver always preserves the option to hold until delivery and receive the fixed

invoice price. As a result, arbitrage strategies are not directly affected by a change in the cheapest-

to-deliver whenever a short futures position is advantageous.

Figure 6 shows the probability within the sample from 2010 to 2020, which we use for the

majority of our analyses, that the cheapest-to-deliver on a particular date will be the cheapest-

to-deliver on the last trade date for the decade prior to 2020. By 80 days prior to delivery, there

is a more than 80% chance that the cheapest-to-deliver does not change across contracts, and the

2- and 5-year contracts are mostly above 90%. The stability in the cheapest-to-deliver in the last

10 years is somewhat higher than in previous periods. The increased stability of these futures

may reflect lower variance in interest rates over this period. The increased stability of cheapest-to-

deliver bonds is likely to have reduced risks for long futures positions, but for reasons discussed
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earlier is less likely to be an issue for short Treasury futures positions.

2.4 The deliverability premium

The fact that only some Treasuries are deliverable into a futures contract, and that among those

Treasuries the cheapest-to-deliver is the most desirable for a trader who is short a futures contract,

creates a natural market for these Treasuries. In the presence of limits to arbitrage among Trea-

suries, a premium may result for deliverable Treasuries beyond the price of non-deliverable Trea-

suries. This premium can be thought of as comparable to the on-the-run/off-the-run premium,

and captures the liquidity provided by the cash-futures arbitrage to the underlying Treasury.

The construction of this premium is non-trivial: Treasuries are distinguished by unique coupon

and maturity dates, so it is necessary to establish a benchmark for comparison: a synthetic price

for deliverable Treasuries based on prices of comparable non-deliverable Treasuries. To establish

this benchmark, we follow Fisher et al. (1995) in using flexible basis splines to capture a yield

curve. In particular we model a Treasury’s price as:

∑τ
Pt,τ = exp( f(s θ))cs + 100 exp( f(τ θ))

s=t

− | × − |

where f(s|θ) is a quadratic basis spline with parameters θ, fitted to minimize the least-squares

error between model and actual prices. We fit these curves using only coupon Treasuries, exclud-

ing Treasuries with less than 30 days to maturity and Treasuries with optionality such as callable

bonds. For this approach, our focus is on the closest fit to prices possible and not on a reliable set of

zero-coupon bonds. As a result, we do not employ methods that have recently been more popular,

such as the method in Nelson and Siegel (1987) and Svensson (1994), which provides advantages

in Monte Carlo simulations for zero-coupon prices. We also do not employ the smoothing penalty

in Fisher et al. (1995). Finally, our estimation includes on-the-run and deliverable Treasuries. As a

result, the error from this exercise is, if anything, likely to understate the true premium on deliv-

erable Treasuries.

For each deliverable Treasury we then calculate the deliverability premium as:

ŷt,τ − yt,τ
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where yt,τ is the actual yield on the deliverable Treasury, and ytˆ , τ is the fitted yield on the de-

liverable Treasury from our spline yield curve. A positive value of this premium then indicates

that the Treasury is overvalued relative to the benchmark from our estimation. We also calculate

standard errors for this premium based on the delta method and the standard error for non-linear

least squares. This standard error is:

√
ˆ ˆ1 ∂P

SE( t̂,τ ) = ˆ ˆD(t, τ)Pt,τ

× t,τ
′

∂P
Var ˆ t,τ

y (θ)
ˆ ˆ∂θ ∂θ

where D̂(t, τ) is the duration of the Treasury, and SE ˆ(θ) is derived using the asymptotic properties

of non-linear least squared estimators.

In Table 2 we present the average premia on cheapest-to-deliver Treasuries. All premia are on

average larger than zero, and decline for longer maturities. For comparison, we also present those

premia for on-the-run Treasuries. It is well known that on-the-run Treasuries recieve a liquid-

ity premium relative to off-the-run Treasuries (see for instance Krishnamurthy (2002) and Adrian

et al. (2017)), and the trade between on-the-run and off-the-run Treasuries is another popular rel-

ative value trade among hedge funds. The on-the-run premium is therefore a good basis for

comparison to the cheapest-to-deliver. For 2-year deliverables, premia are similar in size to the

on-the-run 2-year. At higher maturities, on-the-run Treasuries tend to receive significantly higher

premia.

However, especially for liquidity premia, average behavior may not be as indicative as condi-

tional behavior, given that liquid assets command greater premia in crises. In Figure 7 we show

the premia that emerge for the cheapest-to-deliver and on-the-run Treasuries from our estimation.

Note that the patterns for the premium both for cheapest-to-deliver and on-the-run Treasuries

differ by maturity. This is consistent with previous studies that have looked at the premium for

on-the-run Treasuries, in particular Fleming (2003). For 2-year and 10-year Treasuries, the pre-

mia are highly correlated with the premia for the cheapest-to-deliver, rising dramatically during

periods of stress. Correlations are much lower for the 5-year and 30-year. This may be in part

because of differences in timing — for an on-the-run Treasury, at a high frequency premia will

respond to the regular Treasury issuance and reopening schedule, while the cheapest-to-deliver

will respond to delivery and roll dates. For Treasury bond futures in particular, the instability of
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the cheapest-to-deliver is likely to dilute any liquidity premium, and the long delivery windows

for this contract mean that the cheapest-to-deliver usually differs in maturity from the on-the-run

bond by the order of a decade.

Table 3 formalizes this logic by regressing the premia on the cheapest-to-deliver on the pre-

mia for on-the-run Treasuries. These regressions are conducted on a daily basis, and we have

winsorized at the 0.5% level to protect against general errors in our spline method, though we

have experimented with different levels of winsorization and found little change in our result.

In the full sample, from 1992-2020, the on-the-run premium is significant and positive for all but

the bond cheapest-to-deliver, where the securities may have very different maturities, and higher

delivery risk may interfere with the liquidity value of the underlying bond. The premium on

the cheapest-to-deliver also explains a substantial amount of the variation of both the 2-year and

10-year cheapest-to-deliver premia on a daily basis.

However, prior to 2016 we show that activity in the basis trade was relatively limited, so that it

should not necessarily be expected that the cheapest-to-deliver had significant arbitrage activity.

The bottom panel of Table 3 restricts the regression to 2016 to 2020, during which we find rising

popularity of the basis trade. Here we find a significant and positive relationship with the on-the-

run premium across contracts. For the 2-year in particular, the estimated coefficient suggests the

cheapest-to-deliver premium actually moves more than one-for-one with the on-the-run premium,

and the on-the-run premium explains 83% of the variation in the cheapest-to-deliver premium.

That these results are stronger following the rise of the basis trade suggests that arbitrage activity

does generate a substantial liquidity premium for these Treasuries.

These results suggest Treasuries that are tied to futures earn liquidity premia with comparable

size and properties to on-the-run Treasuries. Moreover, the conditional premium these securities

generate has increased as arbitrage activity in the cash and futures market has increased. This

suggests the premium afforded by the link these Treasuries have to the futures market is a result

of large trading between Treasury cash and futures prices, which we discuss below. We now turn

to the source of these trades, the disconnect between cash and futures prices.
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2.5 The Treasury cash-futures disconnect

In previous sections we documented the convergence of cash and futures prices of Treasuries at the

delivery date. Equation (2) imposes the additional restriction that convergence for the cheapest-

to-deliver occurs at the same rate as the Treasury bill rate; that is, the difference between the cash

and futures prices is solely compensation (at the risk-free rate) for the time difference between

today and the future delivery date. In this section we explore this arbitrage condition and show

that in general there are large and predictable deviations from the frictionless benchmark.

Table 4 describes the strategy one would take if the relationship in Equation (2) did not hold

(we focus on the most common case where the futures contract is overvalued relative to the Trea-

sury note). For simplicity, the note is assumed to have zero coupons. First, the arbitrageur buys

the underlying note and takes a short position in the futures contract, promising delivery of that

note at time T at a fixed price F0,τ,T . The price agreed to today will be paid to the long futures

position in the future, so in order to guarantee the price today the trader also sells F0,τ,T of bills.

Cash flows at time τ , the maturity of the note, are zero because the note has been delivered to

the long futures position. Cash flows at time T are zero because the cash from the short futures

position pays off the short bill position. Cash flows today are zero if and only if:

P0,τ = F0,τ,TB0,T

which is the zero-coupon equivalent of equation (2). Note that this expression requires that agents

be able to freely short bills. In following sections we will discuss how realistic this assumption is,

and discuss the basis trade, which uses repo to fund the Treasury position instead. However, in

the majority of term-structure models this trade would be pure arbitrage.

Because differences in dollar prices can be difficult to interpret, we instead convert our prices

into futures implied yields and bill yields. The futures implied yield is defined as:

( ) 252

F F T tt,τ,T −
yt,τ,T =

Pt,τ −Bt,scs
(4)

With this yield in hand, the no-arbitrage condition given by equation (2) can be restated as the
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condition: ( ) 252

yF
1 T−t

t,τ,T = rt,T ≡
Bt,T

(5)

or in other words, the yield to delivery on a portfolio long the cash bond and short the futures

must be the same as the yield on a bill maturing on the delivery day.

Figure 8 shows that the underlying cash Treasury bond displays large and persistent deviations

from the arbitrage portfolio formed using futures. In particular, from 2015–2020 the cash-futures

disconnect was large and positive. Table 5 shows that these price deviations are also highly sta-

tistically significant during this period. For both the second and third to deliver contracts and for

the 2-year, 5-year, and 10-year contracts, t-statistics exceed eight in almost every case, and often

exceed 20 for the periods 2010-2015 and 2015-2020. Coefficient estimates often exceed 0.10, indi-

cating a difference of 10 basis points between the bill yield and futures implied yield. However,

the cash-futures disconnect is not always positive; going back to the 1990s, the disconnect is fre-

quently negative. This is shown in Figure 40 in the appendix, which plots a significantly longer

time-series for the Treasury cash-futures disconnect. Table 5 confirms this observation.

Table 6 shows that the persistence of price deviations is also statistically significant using a

GARCH(1,1) with an auto-regressive term for the mean process. The model shows that the means

are highly persistent, nearing a random walk, though predictability declines for longer tenors.

The variance of the arbitrage spreads are also highly predictable across contracts over time. These

deviations are not only highly predictable, but also highly correlated across different Treasury con-

tracts: the first principal component explains 65% of the daily variation across the first and second

to deliver contracts for all maturities. This occurs even though the construction of each portfolio

of futures and notes is essentially independent, and in principle these securities are linked only by

having similar classes of assets and similar (although not identical) delivery dates.

The time-series of deviations in Figure 8 suggests that the link between cash and futures values

of Treasuries has changed over time. Table 5 shows that from 1992-2020, on average futures have

been undervalued relative to the underlying Treasuries. However, in the last decade, futures

have become overvalued. The most relevant line for each Treasury is the second roll date, where

most basis trading activity seems to be concentrated, and where there is less interference from

the delivery month. Here, we can see that across note contracts, futures have been significantly
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overpriced relative to underlying bonds, with t-statistics regularly well above significance. These

t-statistics are also particularly large in 2-year and 5-year futures, due primarily to lower volatility

in mispricings at shorter maturities, and are much smaller for bond futures.

Examining the time-series of the price deviations from the no-arbitrage condition around episodes

of financial stress suggests a relationship between the arbitrage spread and financial stability. The

clearest evidence of this relationship may be events in March 2020. However, even prior to the

March 2020 stress, the spread between the futures implied yield and the bill yield seems to be as-

sociated with financial stress. One example is the deviation of the bond futures implied yield from

the bill yield around the Long Term Capital Management crisis. The bond contract is of particular

interest for two reasons. First, the bond contract was much more popular at that time than note

contracts, which were still being slowly adopted. Second, from The President’s Working Group

on Financial Markets (1999) we know that LTCM had large Treasury bond positions, but know

little about their other positions. The top panel of Figure 9 shows that immediately prior to the

ruble devaluation, Treasury bond open interest (the gray-shaded area) had been rising. After the

ruble devaluation, this open interest began to fall, and at the same time the difference between

implied yields and bill rates spiked. The decline in note positions accelerated following LTCM’s

bankruptcy, and yields spiked even higher. While the available data for this crisis is not nearly

as complete as the data avaiable for the March 2020 crisis, Figure 9 is suggestive of the role ar-

bitrageurs such as LTCM may have played in the futures market even during previous bouts of

instability. The President’s Working Group on Financial Markets (1999) suggests that futures po-

sitions were not a crucial cause of LTCM’s bankruptcy. However, the resolution and unwinding of

positions from LTCM may have nonetheless destabilized the Treasury cash and futures markets.

The Lehman Brothers’ bankruptcy provides another example of the relationship between ar-

bitrageur activity and Treasury cash and futures spreads. As with the March 2020 episode and

LTCM’s default, following Lehman Brothers’ bankruptcy, across note contracts futures implied

yields deviated sharply from bill yields. In contrast to these other two episodes, however, the

Lehman Brothers’ bankruptcy was followed by a significant undervaluation of futures prices rel-

ative to cash prices. This is shown in the bottom panel of Figure 9. This may have reflected a

difference in the nature of the financial crisis. While the LTCM crisis and the March episode were
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characterized by a flight to liquidity in the form of cash and cash-like securities such as on-the-run

Treasuries, the 2008 financial crisis was arguably more of a flight to safety. Counterparty concerns

in both the repo market and the futures market may have led investors to generally prefer cash

Treasuries where the counterparty was the U.S. government to futures and repo where the coun-

terparties were other financial institutions. The general decline in the availability of repo financing

may also have contributed to the undervaluation of futures.

In fact, deviations from arbitrage are highly correlated with volatility in financial markets.

Figure 10 shows a time-series plot of the absolute value of the futures implied yield deviations

along with two measures of financial market volatility. The top panel shows deviations along

with the MOVE index, which is a volatility measure specific to Treasury markets. This index

is based off the implied volatility of Treasury options. As can be seen, the correlation is quite

close following the year 2000. However, because the Treasury option market is based off the price

of Treasury futures, it is conceivable that this relationship is purely the result of mispricing in

Treasury futures affecting the price of Treasury options. The bottom panel shows the same futures

implied yield deviations along with the VIX index, which being based off equity options should

not be subject to be any direct relationship through Treasury futures pricing. Again, we see that

periods of high volatility coincide with large deviations from arbitrage between Treasury cash and

futures markets.

Again, we emphasize that in theory there should be no difference between these two portfolios.

Equation (2) should, in the absence of margins on futures contracts, hold exactly. Any regular

deviations from this equation imply an apparent deviation from arbitrage. The fact that these

deviations are large relative to the underlying variation in Treasury prices is therefore notable, as

is the fact that they are sustained and predictable. That these deviations grow larger in times of

stress and high volatility in financial markets further suggests the importance of arbitrage activity.

We now turn to how arbitrageurs actually exploit this opportunity in practice, which builds a

relationship between the cash-futures disconnect, margins on futures contracts, and the rate at

which arbitrageurs can fund their trades in the repo market.
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3 Limits to arbitrage and the cash-futures basis trade

In the previous section we introduced the disconnect between cash and futures prices of Trea-

suries, showing that in recent years cash Treasuries have traded at a discount to the prices implied

by their discounted coupons and futures prices. We presented an idealized model of arbitrage

where agents borrow at the bill rate in order to arbitrage the difference between these two prices.

In this section, we explore how arbitrage in this market takes place when agents cannot borrow

at the bill rate, and instead must borrow at the repo rate and face margin requirements on short

positions. When cash-futures arbitrage is funded in the repo market, it is known as the Treasury

cash-futures “basis trade.” We will discuss in the next section the explosion in popularity of the

trade among hedge funds, and then present a model that examines the consequences of the trade

for market functioning and systemic risk. Here, we describe the frictions that prevent the basis

trade from being true riskless arbitrage.

The first friction is that short bill positions do not represent the funding costs of arbitrageurs

who span the cash and futures markets. Shorting Treasury bills is expensive. Actual arbitrage be-

tween cash and futures prices therefore uses repo borrowing. Table 7 describes how the arbitrage

trade is constructed when repo financing is part of the trade. This is a modified version of Table

4, which described the idealized form of the basis trade. In order to pay for the long note posi-

tion, traders borrow in the repo market with the Treasury the note as collateral, ideally matching

the tenor of the repo contract to the delivery date of the futures. This results in zero cash flows

today. At the delivery date, traders receive the note back from their repo lender, and in return pay

back the repo loan plus interest. The note is delivered to meet the short obligation in the futures

contract. Any residual cash from the short position above the repo balance is then pure profit for

the trader. Using repo borrowing has an additional advantage over short Treasury bills in that

if futures prices and note prices increase in tandem, any increase in margin balances can be met

with an increase in the value of the underlying collateral. As well as matching common practice

(see Burghardt and Belton (2005)), this description of using repo borrowing to fund basis positions

rather than shorting Treasury bills matches both the formulation of our model and the evidence

we present on hedge fund balance sheets.

Reliance of the basis trade on repo financing is important for the cash-futures disconnect be-
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cause the rate on repo financing may differ from the yield on a Treasury bill. There are several rea-

sons these two returns may differ. The first is that repo financing has counterparty risk: whether

the counterparty in repo is a bank or dealer in the case of uncleared bilateral repo or a central

counterparty with a clearing fund in the case of cleared repo, the risk of these private counter-

parties defaulting is likely to be substantially higher than the risk of U.S. government default on

bills. The second is that repo financing uses up the balance sheet capacity of entities like dealers

who provide cash to the basis trader, as has been emphasized by He et al. (2020). Finally, in part

because repo uses up balance sheet capacity, bills are generally considered to be more liquid than

repo, commanding their own premium (see Lenel et al. (2019)).

While the structure of the trade described above assumes the repo tenor is matched to the term

of the futures contract, much of the repo financing of the basis trade is likely to be of a shorter

tenor. Repo financing is more likely to be overnight than term, and in fact, because of the rarity

of term repo trades, reliable sources on term repo rates are difficult to find. One reason term

repo funding may be difficult to obtain is that dealers bear a higher regulatory burden for term

repo funding than for overnight funding. As a result, term repo is generally more expensive than

overnight repo, and basis traders appear to rely on this overnight funding. This means that for the

lifetime of the repo contract, funding must be rolled over daily, as shown in Figure 11. This figure

shows the movement of the cash Treasury in a basis trade rolled over nightly across markets and

over time. The Treasury is initially received by the basis trader and offered as collateral to secure a

loan to pay for its purchase. The next day, when the loan comes due, the hedge fund rolls over its

financing, again pledging the Treasury as collateral against its borrowing. This continues until the

delivery date of the Treasury futures, at which point the hedge fund pays off its repo borrowing

with the cash from the long futures position. The final amount the hedge fund will have to repay

will depend on the repo rate at each intervening day, which is not known in advance. This exposes

the basis trade to the risk that the repo rate appreciates over the trade horizon, increasing the

principal due on the delivery date.

Another important limit to arbitrage in the basis trade is the margin requirements on futures

contracts. Futures margins are set by the Chicago Board of Trade, and require that positions in the

futures market are backed by cash in the event of an agent’s default. The importance of margin
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requirements as a limit to arbitrage is underscored by Brunnermeier and Pedersen (2008). Margin

requirements in futures markets differ somewhat from margins in equity trading or the treatment

of haircuts on repo. The first component of futures margin requirements is the value that agents

have in their accounts, which is the cash in the margin account plus the value of their open fu-

tures positions. The second component is the maintenance margin, which is set by the CBOT. The

maintenance margin marks the lower bound on the value of the margin account. Whenever the

value of an agent’s margin account is less than the maintenance margin, a margin call is made,

and agents must top off their margin account or be in default. The amount they must add is the

difference between the value of their margin account and the final component of margin require-

ments for futures contracts, which is the initial margin. The CBOT sets initial margins to 110% of

the maintenance margin. In our model, we simplify this setting by assuming that maintenance

margins are equal to initial margins, and by exploring a setting where agents do not have an in-

centive to keep cash in their margin accounts in excess of the maintenance margin, meaning that

any change in the value of the account is either a cash increase or decrease. However, anecdotally,

traders appear to keep excess cash in their margin accounts to avoid margin calls.

The rules for margin setting by the CBOT are somewhat opaque, and give the central coun-

terparty some leeway in the determination of margins; however margins are well correlated with

volatility in futures markets. Figure 12 shows the level of variation margins along with the MOVE

index. As can be seen, the two are highly correlated, with margins increasing in high volatility

times. The highest margin periods have been the 2008 financial crisis and March 2020. However,

with Treasury bonds futures, March 2020 was the highest margin period, with the second highest

in 2017 (possibly associated with fluctuations around the debt ceiling). These particularly high

margins on Treasury bond futures may help to explain why the bond futures contract has been

relatively unpopular in recent years. However, in interpreting the relationship between margin

on Treasury futures and the MOVE index, it once again becomes important to recognize that the

MOVE index is ultimately based on the Treasury futures to which the margins apply. In Table 8

we show regressions of the maintenance margin on the MOVE index as well as the VIX index.

While the MOVE index explains more of the movements in maintenance margins, the VIX index

is also significant for all but the bond contract, and the explanatory power of the MOVE and VIX

models are roughly similar.
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It is important to be clear about how margin requirements are likely to affect basis traders.

A trader long the basis has a long position in the underlying Treasury in addition to their short

position in futures markets. In the absence of haircuts on repo, if Treasury prices move together

with futures prices, a margin call on short futures contracts will occur at the same time that the

value of long cash Treasuries increases. This increase in the value of Treasuries means that the

basis trader can borrow more against their Treasury collateral. It is therefore ambiguous how

much of a direct role margin requirements themselves will play for basis traders. In principal,

the rise in Treasury prices could exactly offset the rise in the futures price. However, because

the counterparty on the futures contract and the repo contract are generally two different agents,

margin requirements may still affect the basis trader, especially when futures and Treasury prices

diverge. For a trader long the basis, when the price of the underlying Treasury falls relative to

the price of the futures contract, the basis trader may have to supply additional cash while their

ability to borrow has decreased, requiring them to raise additional funds.

In our model we incorporate both these elements as important drivers of the cash-futures ba-

sis. First, liquidity and balance sheet space drive a difference in returns between bills and repo

financing. This difference is compounded by the fact that repo financing is of a shorter tenor

than the maturity of the futures contract. Second, margins on futures contracts play an important

role both in driving the cash-futures disconnect and in possibly exacerbating the effects of sales

of Treasuries to dealers on cash prices. These effects occur through the constraints placed on the

major arbitrageurs in the model: hedge funds. We now cover evidence of the extent of hedge fund

participation in the basis trade.

4 Hedge funds and the Treasury cash-futures basis trade

In this section, we document the dramatic rise in the hedge fund activity associated with the

cash-futures basis that began in early 2018. By late 2019, the magnitude of hedge fund positions

associated with basis trade were substantial, and constituted not only a significant development

in Treasury markets over the previous two years, but also a build-up of vulnerabilities that would

prove important for understanding the March 2020 episode and the corresponding regulatory

response.
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At least two important developments affected Treasury market functioning beginning in 2018.

First, in the wake of the Tax Cuts and Jobs Act passed at the end of 2017, Treasury issuance grew

significantly, as shown in the left panel of Figure 13. Around this time, the amount of Treasury

securities held on dealer balance sheets also rose significantly, as shown in the right panel of Figure

13. Also at the beginning of 2018, restrictions on bank leverage, specifically the Supplementary

Leverage Ratio (SLR) and Enhanced Supplementary Leverage Ratio, came into effect. The SLR and

eSLR set a minimum value for the ratio of bank equity capital to leverage exposure, and included

Treasury securities and net repo exposures in the denominator without any adjustments for the

safety of those activities. These simultaneous developments may have affected the elasticity of

repo rates with Treasury collateral.

These market developments coincided with an increased demand for long Treasury futures

positions by traditional asset managers such as pension funds and mutual funds as a means of

getting cheap duration exposure without holding Treasuries on balance sheet. Figure 14 shows

the increase in aggregate long futures positions held by traditional asset managers in the 2-, 5-

, and 10-year contracts from the CFTC’s Traders in Financial Futures data. Between December

2017 and December 2019, long Treasury futures positions held by asset managers grew from $396

billion to $732 billion, an increase of 85%. The corresponding short positions appear to have been

taken up by hedge funds. Over the same period, hedge fund short futures positions grew from

$279 billion to $631 billion, an increase of 126%.

Regulatory data offer additional insight. We consult confidential filings from the Securities and

Exchange Commission’s Form PF, the first systematic regulatory collection of private fund data in

the United States. Form PF was adopted in 2011 as part of the Dodd-Frank Wall Street Reform and

Consumer Protection Act of 2010. Form PF is filed by investment advisers registered with the SEC

who manage at least $150 million in private fund assets. Private fund advisers file annually and

report items such as gross and net asset values, monthly returns, total borrowings, investment

strategy, investor composition, and their largest counterparties. Large hedge fund advisers, those

with at least $1.5 billion in assets managed in hedge funds, are required to report this information

at a quarterly frequency as well as more detailed information regarding asset class exposures,

measures of liquidity, collateral posted, risk metrics, and more, for each of their qualifying hedge
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funds — funds with at least $500 million in net assets.5

Form PF data show that coincident with the increase in hedge fund short futures positions,

between 2018 and 2020 total hedge fund Treasury exposure also increased. The top panel of Figure

15 shows a pronounced increase in Treasury exposure beginning in 2018. We define Treasury

exposure as the sum of long and short Treasury positions, which in the Form PF data includes

both cash holdings and derivatives.6 In December 2014, total hedge fund Treasury exposure was

$851 billion. By the end of 2017, this exposure was $1.06 trillion, and by September 2019 had

grown to $2.02 trillion.

Form PF also asks funds to report separately their long and short asset class exposures. Com-

bining Form PF short and long Treasury exposures with CFTC data provides evidence that much

of the growth in hedge fund Treasury positions was the direct result of the basis trade. This

is shown in the bottom panel of Figure 15. The growth in short Treasury exposure reported in

Form PF aligns closely with the increase in short futures positions from CFTC data. However,

the increase in long Treasury exposure comes almost exclusively from cash securities; while long

Treasury exposures were growing quickly on Form PF, long futures positions remained relatively

flat. Because the basis trade comprises a long cash position and a short futures position, the com-

bination of Form PF and CFTC data suggest much of the Treasury exposure growth on hedge fund

balance sheets in 2018 and 2019 is directly attributable to an increase in the basis trade. In fact, if

we assume that every dollar of short futures has a corresponding long position in a cash Treasury

note, then 73% of the $960 billion increase in hedge fund Treasury exposures between December

2017 and December 2019 would be attributable to the basis trade.

Additional evidence of a large increase in hedge fund basis trading can be found in the repo

positions reported on Form PF. The basis trade requires only the long note position be financed

in the repo market with no corresponding repo lending piece associated with the short leg of

5Form PF data are confidential. The form itself is publicly available and can be downloaded here: https://www.
sec.gov/rules/final/2011/ia-3308-formpf.pdf. For more detail on the history and structure of Form PF,
see Flood et al. (2015) and Flood and Monin (2016).

6Form PF instructs the reporting of derivatives as follows: “for derivatives (other than options), ‘value’ means gross
notional value; for options, ‘value’ means delta adjusted notional value; for all other investments and for all borrowings
where the reporting fund is the creditor, ‘value’ means market value or, where there is not a readily available market
value, fair value; for borrowings where the reporting fund is the debtor, ‘value’ means the value you report internally
and to current and prospective investors; and Form PF: General Instructions Page 10 for questions 20, 21, 25, 28, and 35,
the numerator you use to determine the percentage of net asset value should be measured on the same basis as gross
asset value and may result in responses that total more than 100%.”
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the trade (unlike the on-the-run/off-the-run trade that would contain both a repo and a reverse

repo, for instance). This implies an increase in the basis trade should increase repo borrowing

but not affect repo lending. Figure 16 shows that prior to 2018, hedge fund repo borrowing and

lending were largely matched, and in the second half of 2017 and first quarter of 2018, repo lending

was actually larger than repo borrowing. However, beginning in 2018 repo borrowing increased

sharply, from $637 billion in December 2017 to $1.19 trillion in September 2019, while repo lending

actually fell slightly from $686 billion to $655 billion over the same period. This divergence in repo

borrowing and lending corresponds exactly with the total increase in Treasury exposure and the

ramp-up in short futures positions, further strengthening the interpretation that the underlying

cause is the increase in the basis trade.

In fact, the cash-futures disconnect appears to be a strong predictor of the mismatch between

hedge fund repo borrowing and lending. Figure 17 shows just how closely hedge funds’ aggregate

net repo borrowing (borrowing minus lending) tracks Treasury cash-futures arbitrage spreads.

Beginning in 2018, the arbitrage spread for both the 2-year and five-year contracts increased sig-

nificantly, and net repo borrowing increased in tandem. However, this is not the only time the

cash-futures disconnect has offered potential arbitrage profits. From the middle of 2015 through

the end of 2016, the 2-year futures contract was also overpriced relative to the cash Treasury note.

For the 5-year contract, arbitrage spreads were large until early 2017. During this period, and only

this period, hedge fund repo borrowing was also significantly higher than repo lending. When

arbitrage spreads decreased, hedge fund repo borrowing fell back in line with repo lending. In a

simple linear regression, the 2-year cash-futures arbitrage spread can explain 33% of the variation

in hedge fund net repo borrowing.

The difference in repo borrowing and lending offers an alternative estimate of the potential

size of the hedge fund basis trade. Based on the discussion above, in each period we define a

hedge fund as a “large basis trader” if the fund is in the top 50 across all funds in both total

Treasury exposure and net repo borrowing in that period. During 2018 and 2019, there were 44

unique funds that meet this criteria. If we assume that the entirety of the dollar difference in repo

borrowing and lending for large basis traders in September 2019 results from the cash-futures basis

trade, this would imply a total basis position of $505 billion. Of course, this ignores repo haircuts

28



and the price differences between the cash note and the futures contract, which may complicate

this estimate. Alternatively, if we assume the total increase in hedge fund short futures positions

from December 2017 to September 2019 (combining the 2-year, 5-year, and 10-year contracts) is

due to the basis trade, this would imply a total basis trade size of $409 billion.

The basis trade not only constitutes much of the total short futures activity, but also appears

responsible for much of the aggregate Treasury exposure and repo activity of hedge funds in

the Form PF data. Based on this definition, in 2019 the fraction of total hedge fund Treasury

exposure attributable to the basis trade ranged from 60%–67%. The fraction of total repo positions

attributable to the basis trade ranged from 73%–80%. These figures are particularly striking given

that large basis traders comprised only 8.5% of total non-zero repo observations in 2019, and only

5.9% of total non-zero Treasury observations.

To conclude this section, we highlight one additional source of market vulnerability associated

with the basis trade: leverage. While the basis trade became notably popular with hedge funds at

the start of 2018, Figure 3 shows that the cash-futures basis is not particularly large. Even when

a disconnect between Treasury cash and futures exists, the convergence in prices rarely implies a

return of more than 50 basis points over the course of 100 days, not including the repo cost. The

profitability of the trade would be too low to generate much hedge fund interest unless the trade

could be significantly leveraged.

We measure hedge fund financial leverage, also referred to as “balance sheet leverage,” as the

ratio of gross assets (balance sheet assets) to net assets (equity capital). Average hedge fund lever-

age across all funds in 2019 is 1.95. However, the leverage of large basis traders is substantially

higher. In 2019, funds categorized as basis traders based on the criteria above had a median finan-

cial leverage of 17.6 and mean leverage of 21. That is, for every $1 of investor equity capital, the

median large basis trader borrowed an additional $17.60. The standard deviation of leverage for

this group is 15.02, suggesting the upper tail is significantly higher than the mean.

The significant leverage employed in the basis trade is possible because of low haircuts on

repo borrowing with Treasury collateral. The maximum available leverage using a particular se-

curity as collateral is the inverse of the haircut on that security; a 10% haircut implies a maximum

leverage of 10 to 1. Treasuries typically have very low haircuts, often around 3% or less, imply-
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ing possible leverage ratios of greater than 30 to 1. Figure 18 shows the relationship between

hedge fund leverage and the fraction of the hedge fund’s notional investment portfolio made up

of Treasury securities.7 There is a strong, positive relationship between Treasury investments and

leverage. Funds with limited exposure to Treasuries have average leverage ratios near or below

two, similar to the unconditional average leverage. However, as the fraction of investments held

as Treasuries increases, average leverage increases substantially, nearing 10 to 1 for funds with

more than 60% of their portfolio allocated to Treasuries.

4.1 Evidence from the repo market

The basis trade links hedge funds’ cash-futures arbitrage to their borrowing in the repo market. In

the preceding section we used aggregated data to show that hedge fund positions are consistent

with a sizable Treasury cash-futures basis trade. However, this data is limited both in the details

it provides on positions and the frequency with which it is updated. While we can demonstrate

activity associated with the basis trade, in the sense of having large repo borrowing positions and

matched long cash Treasury positions and short futures positions, we cannot tell from this aggre-

gate data whether these positions are specifically due to the cheapest-to-deliver, which generally

underlies the trade. In this section, we use data from the OFR’s collection of cleared repo trans-

actions, which allows for a daily, security-specific view of hedge funds’ trades. The basis trade

involves heavy leverage through repo borrowing, so these data provide insight into hedge funds’

Treasury positions and their borrowing costs that would otherwise be unavailable.

Hedge fund repo borrowing is highly concentrated in the two bilateral repo markets in the

United States: FICC’s DVP Service, which is a cleared bilateral market, and the uncleared bilateral

repo market. In these markets, lenders know the exact collateral they are promised by borrowers,

and unlike tri-party markets, there is no custodian bank that locks up collateral in its own account.

This allows the collateral to circulate easily, and for dealers to source particularly valuable secu-

rities. Hedge funds are a primary source of collateral for dealers in these markets, and the large

volumes involved in the basis trade make this supply crucial. Their participation in DVP occurs

through the sponsorship service, which allows entities that are not clearing members of FICC to

7Notional values are calculated as market values, except for equity derivatives which are delta-adjusted, and inter-
est rate derivatives, which are reported as 10-year bond equivalents.
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participate in DVP so long as they are sponsored by qualified direct clearing members.

While the majority of hedge fund repo borrowing likely occurs through bilateral uncleared

trades, the sponsored DVP market offers insights not available in the bilateral market. Sponsored

DVP is also increasingly important in its own right. At present, hedge funds make up the vast ma-

jority of sponsored borrowing (see Figure 19). The Depository Trust & Clearing Corporation first

allowed hedge fund participation in sponsored repo in 2017. Such participation increased dramat-

ically after the expansion of sponsorship in April 2019. Recent repo data show that cash provided

by money market funds is mostly passed on to hedge funds, so the expansion of sponsored lend-

ing provides a hint to the pace of growth in sponsored borrowing. Following the expansion of

sponsorship, participation of money market funds in sponsored repo increased dramatically (see

Figure 20). This may be associated with increased cash demand by hedge funds in DVP.

In general, rates in the sponsored market for cash borrowers are higher than inter-dealer rates,

which are again higher than the sponsored market for cash lenders. There are two primary rea-

sons for this. First, sponsors are required to guarantee the trades of the entities they sponsor.

This means that hedge funds that trade in sponsored markets represent relatively high risk for

the sponsors who lend to them. Second, sponsored borrowers generally borrow early in the day

relative to sponsored lenders. Because much of sponsored borrowing uses cash from sponsored

lenders, sponsored borrowing creates additional liquidity risk for sponsors. The fact that spon-

sored borrowing rates are in general above inter-dealer rates highlights a potential for imperfect

pass-through of liquidity-boosting interventions by the Federal Reserve to the borrowing rates of

hedge funds, adding an additional layer of liquidity risk to hedge fund basis trades.

If hedge funds were actively basis trading, we would expect them to disproportionately hold

the cheapest-to-deliver Treasury notes. Figure 21 shows hedge fund positions in repo by security

CUSIP prior to the December 1, 2019, futures delivery date and following that delivery date. The

shaded windows in the top panel are the maturity dates of notes eligible for delivery into the

December futures contract. Securities just inside this delivery window had significantly more

hedge fund repo volume than securities just outside this window. The largest position prior to

December 1 was in the 2-year window and was for the Treasury security that was cheapest-to-

deliver for this contract. After December 1, the position in the cheapest-to-deliver for the 2-year
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December contract had diminished considerably, while positions had expanded for deliverables

for the March contract, highlighted in gray in the bottom panel. This is consistent with hedge

funds maintaining positions in the cheapest-to-deliver for contracts near to delivery.

5 A model of limits to arbitrage and the cash-futures disconnect

The previous sections have presented a picture of the returns to the cash-futures basis trade, the

size of this trade, and its participants. We have shown that Treasury futures prices have been

persistently overvalued relative to cash prices in recent years. We have also shown large partici-

pation of hedge funds in the basis trade. This illuminates a part of a larger structure of the basis

trade and its role in the structure of Treasury markets, repo markets, and futures markets. This

role is displayed in Figure 22, which gives a stylized description of how the basis trade functions,

with hedge funds purchasing cash Treasuries through dealers in the Treasury market with cash

provided to them by money market funds through dealers in the repo market. These hedge funds

then deliver the Treasury to the futures market on the delivery date, where the Treasury is passed

on to asset managers, and they repay their repo borrowing with cash from the long position. In

this structure, hedge funds act as a temporary warehouse for Treasuries, holding them on their

balance sheets for other agents in the markets.

Using this general structure of the trade in recent years as a baseline, we now present an equi-

librium model of the basis trade. The model focuses on limits to arbitrage across the three markets

upon which the basis trade relies. The model combines aspects of liquidity spirals driven by mar-

gins on hedge funds as in Brunnermeier and Pedersen (2008) with preferred habitats and limits to

arbitrage on dealers as in Greenwood and Vayanos (2014). The model has three purposes: first,

to explain the existence of an equilibrium futures implied yield that is higher than the bill rate;

second, to examine the determinants of hedge funds’ role as warehouses of Treasuries as in Figure

22; and finally, to assess how the basis trade may exacerbate financial instability.

The model delivers three predictions. First, as a result of constraints on dealers and limits to

arbitrage, an equilibrium basis can emerge in which the return on holding a Treasury note to deliv-

ery in the futures market is higher than the bill rate. Second, hedge fund participation in the basis

trade is larger when Treasuries are more costly to hold, and as demand for futures contracts in-
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creases. Third, basis traders are exposed to margin constraints and repo market illiquidity, which

in times of large Treasury sales can exacerbate pressure on dealers. This pressure can be directly

counteracted through asset purchases by central banks.

5.1 Environment

There are three periods, t = 1, 2, 3. There are two financial assets in fixed supply, a quantity of

notes SN , which mature at time 3 and pay off $1, and bills SC , each of which last for one period

and payoff the next period. The price of a note today that pays off at time 3 is PN,t. The price of

a note today that will pay $1 next period is PC,t. As in Greenwood and Vayanos (2014), Treasury

notes are subject to stochastic demand from preferred-habitat investors, xN,t. Bill prices follow an

exogenous stochastic process where:

σ
log(PC,t+1) = log(PC,t)− + σεt+1

2
(6)

with εt+1 ∼ N (0, 1). This process reflects underlying uncertainty about the short rate. Note that

this formulation implies that
2

Et[PC,t+τ ] = PC,t and Vart(PC,t+τ ) = P 2
C,t (eτσ − 1).

In addition, there are two financial assets in zero net supply: repo and futures. Futures con-

tracts for the Treasury note struck at time t < 2 guarantee a price of Ft for the delivery of a Treasury

note at time 2. These futures come with an exogenous margin requirement, mt — that is to say a

fraction mt of contract value must be deposited with the exchange clearing house. Repo markets

are open in each period, where agents can borrow at a price BR,t to repay $1 next period, provided

they post Treasury notes as collateral.8 A haircut of h is applied to these Treasuries.

There are four participants in these markets: dealers, speculators, money market funds, and hedge

funds. Dealers represent the Treasury market dealers from whom basis traders purchase cash Trea-

suries. Money market funds represent the source of repo loans to basis traders. Speculators repre-

sent the demand of asset managers for futures contracts. Finally, hedge funds in the model span

these three markets and arbitrage differences between them. We now describe these participants

in detail.

8Bills are not allowed to be posted as collateral for repo in the model, which matches their low usage as collateral
in the data.
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5.2 Dealers

Dealers follow a form similar to that in Greenwood and Vayanos (2014). Dealers are born at time

t with an initial wealth WD
t , and live for one period. They divide their initial wealth WD

t between

holdings of notes qDN,t and bills qDC,t in order to solve the mean-variance problem:

φD 2
max qD + E [P ]qD − Var (P )qDC,t t N,t+1 N,t t N,t+1 N,t .

qD , qDN,t C,t
2

subject to

WD
t ≥ P D D

C,tqC,t + PN,tqN,t

where φD is a preference parameter reflecting the disutility of risk. Solving the maximization

problem gives dealer demand for Treasury notes:

⎡ ⎤
E [P ]− PN,t

t +1
D ⎣ N,t P
qN,t =

C,t ⎦
φDVart(PN,t+1)

+

(provided PN,tq
D
N,t < WD

t ). Modeling dealers as living for only one period keeps the analysis

simple, by suppressing any precautionary motives that would emerge were they truly dynamic,

while allowing Treasury prices to respond to high dealer demand. Dealer risk aversion means that

the expected return on notes must exceed the return on bills for dealers to have a positive demand

for them.

5.3 Speculators

Speculators also live for one period. A speculator takes a long position in futures in a quantity qSF,t

and then disposes of the position in the subsequent period. Like dealers, speculators are mean-

variance optimizers, solving:

φS 2
max (Et[PN,2] F
qSF,t

− ) qSF,t − Vart(PN,2)q
S

t
2 F,t . (7)
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Thus the long positions taken by speculators are

[ ]
qS

Et[PN,2]
F,t =

− Ft

φSVart(PN,2) +

Again, the expected return on a futures contract must be greater than the return on a bill in order

for a speculator to hold a positive position.

5.4 Money market funds

Money market funds trade off between investing in repo and in bills. This restriction follows the

actual regulation of money market funds, which restricts them to investing in short-term instru-

ments. Following a similar form to the literature on that in the pricing of short-term liquid assets

(see for instance Krishnamurthy and Vissing-Jorgensen (2012) and Nagel (2016)), we assume that

a spread exists between the price of repo and bills due to money market funds’ liquidity demand:

PC,1 − 1 = ψR(q
H
N,0)BRR,1

(8)

Further, we assume that ψR(q
H
N,0) = ωqHN,0. The linear form is for convenience, as it greatly sim-

plifies the notation for the increasing price. In general we only need that ψR > 0 and ψR
′ > 0

for ψS falling within a suitable range and our results will follow. Note also that it is not crucial

that money market funds maintain this premium, only that it is increasing in the amount of basis

trades done by hedge funds.

5.5 Hedge funds

A hedge fund has access to notes, maturing in period 3 and paying $1 with a price PN,t at time t,

which it buys in quantity qHN,t. These notes are deliverable into a futures contract at time 2, with

price Ft. For simplicity, we will assume the hedge fund chooses to deliver every Treasury it holds

into this futures contract, so that short futures positions are balanced with long cash positions. We

assume that hedge funds cannot short bills, in which case they will not want to hold bills due to

money market funds’ liquidity demand. Instead, the hedge fund can borrow in the repo market

at a price of BR,t, promising to repay $1 in the next period.
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The cash flows to the hedge fund at time 2 are:

W2 = F1q
H H
N,1 − qR,1 (9)

The first term reflects the futures contract agreed to at time 0. All Treasuries purchased at time

0 must be delivered to the long position in the futures market, and will receive the futures price

agreed to at time 0. The second term reflects the repayment of repo balances the hedge fund has

accumulated over time 0 and 1. The final term reflects any additional or offsetting contracts agreed

to at time 1, which will receive the price agreed to at time 1.

As in Gromb and Vayanos (2002) and Brunnermeier and Pedersen (2008) at time 1 margin

requirements for futures and haircuts for repo limit the extent to which wealth can be used to

purchase Treasuries, imposing the constraint:

W1 ≥ (mt + ht)q
H
N,t (10)

This constraint reflects that repo lenders and the long futures position will both require a portion

of Treasuries held as equity by the fund against the possibility of the fund’s default. In turn, we

assume:

mt + ht = κVart(PN,t)

This encompasses, in a simple form, the general idea that margins are set to ensure the central

counterparty against the risk of an adverse price movement.

5.6 Market clearing

Notes are in positive supply, so total quantities outstanding must equal quantities held by agents,

including the preferred-habitat investors:

SN = qDN,t + qHN,t + xN,t (11)
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Futures are in net zero supply, so quantity demanded must equal quantity supplied:

qF,t = qHN,t (12)

where Equation (12) reflects our assumption that all hedge fund Treasury note holdings are deliv-

ered into the futures market.

5.7 Properties of equilibrium

The equilibrium must be derived by working backward. At time 3, notes and bills both pay off

$1 with certainty. Therefore, at time 2, according to the dealers’ problem, PC,2 = PN,2. With this

constraint, all markets will close at time 2. Figure 23 provides an overview of how prices are

determined in the model, with futures prices pinned down by the expected bill price in the next

period, and note and repo prices determined by the bill price in the current period.

Dealers and speculators both have mean-variance preferences. In equilibrium, all notes will

either be held by dealers, or their risk will be borne by speculators. In combination with the market

clearing constraint, risk sharing between the two agents leads to:

φSVart(PN,2)ψD,t + φDVart(PN,t+1)ψS,t
St −Xt =

φSφDVart(PN,t+1)Vart(PN,2)
(13)

where ψi,t is the relevant spread for dealers and speculators:

ψS,t ≡ Et[PN,2]− Ft (14)

ψD,t ≡ Et[PN,t+1]− PN,t/PC,t (15)

These quantities represent the marginal compensation speculators and dealers require for an ad-

ditional dollar of Treasury note exposure. Equation (13), which we call the “risk-sharing line,”

therefore describes how the marginal compensation for risk must shift as greater shares of notes

are allocated to dealers or speculators. This is the downward sloping line in Figure 24. The down-

ward slope is induced by the fact that, for a fixed supply of notes, allocating a greater share of

those notes away from dealers and to speculators requires a higher compensation for speculators
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to take on more risk, and a lower compensation to dealers for their reduced risk.

The cash-futures disconnect in period 1 is exactly described by the difference between these

two spreads:
P

F1 − N,1
= ψD,1 − ψS,1.

PC,1
(16)

Risk sharing between dealers and speculators is facilitated by hedge funds and money market

funds, which set the marginal rate of substitution between ψS,t and ψD,t in equilibrium by arbi-

traging between cash and futures prices. We begin by discussing the behavior of prices when

hedge funds are not constrained by margin and money market funds have no liquidity demand.

In this case, hedge funds act as perfect warehouses for these trades, and marginal rates of substi-

tution are effectively equalized. We then turn to consider the case where hedge funds face margin

constraints and repo markets are subject to liquidity preference, and show this provides a wedge

in risk-sharing.

5.7.1 Equilibrium without margin constraints or liquidity

In the absence of liquidity preference and margin constraints, dealers and speculators are able to

perfectly share risk. For money market funds to be indifferent between bills and repo, PC,t =

BRR,t. For hedge funds to be willing to hold Treasuries for delivery into the futures market from

period 1 to period 2, it must also be the case that:

PN,1
F1 =

BRR,1

In the absence of any frictions, arbitrage then sets ψS,1 = ψD,1, so that the marginal cost of Treasury

holdings is equalized between dealers and speculators. This equilibrium is described graphically

in Figure 24 by where the dashed line (ψD,1 = ψS,1) intersects the risk-sharing line.

Solving for this intersection leads to:

( )
φSφD

ψS,1 = ψD,1 = Vart(PN,2) (SN XN )
φS + φD

−

This equation reflects the fact that as sales by preferred-habitat investors rise, Treasury prices

must fall as dealers and speculators are forced to bear greater risk. At this equilibrium, for a given
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supply of notes, risk is shared optimally, with:

qD
φS

N,1 = (SN XN )
φS + φ

−
D

φD
qS = (SN XN )N,1 φS + φD

−and

which reflects shares that are inversely proportional to the risk aversions of the speculators and

dealers. This closes the frictionless model, and we now turn to a model with margin constraints

and repo illiquidity.

5.7.2 Margin constraints and illiquidity

In the presence of margin constraints and illiquidity, a wedge appears in between the futures price

and the note price:
P− N,1

F1
PC,1

≥ 0 (17)

This wedge due to the arbitrage spread can be further decomposed:

( )
P− N,1 P− N,1 PN,1 PC,1

F1 = F1 + 1 0
PC,1 B︸ ︷︷RR,1 PC,1 BRR,1

− ≥︸ ︸ ︷︷ ︸
=θκVar1[PN,2] =ψ qHR( )N,1

(18)

where θ is the shadow price of the margin constraint for the hedge fund. This drives a wedge

in dealer and speculator risk-sharing in Equation (16): because hedge funds no longer serve as

perfect warehouses for Treasuries, dealers will end up holding more Treasuries in equilibrium,

and will have to be compensated more for a marginal dollar of holdings than speculators would

have to be compensated. This wedge ultimately is a function both of hedge fund margins and

repo market illiquidity.

Rearranging this equation, we can derive an “arbitrage capacity line” that describes how ψS,1

and ψD,1 are related, taking into account these limits to arbitrage. The margin constraint bounds
φ

ψS,1 above by S
WH

κ N,1, since this is the maximum volume hedge funds can sustain in the basis

trade. ( )
1 + ωE1[PN,2] θκVar1[PN,2]

φD = ψS,1 +
1 + ωψS,1 1 + ωE1[PN,2]

(19)

The first term reflects repo illiquidity, while the second term reflects the shadow price of the hedge
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funds’ margin constraint. As long as the price of the futures contract is positive, this first term
φ

is greater than 1. The second term reflects the fact that above S
WH

κ N,1, ψS,1 is fixed, and any

additional risk of the bill price changing must be born by dealers, leading to further increases in

ψD,1. This line is shown in Figure 24.

Equilibrium in the model occurs where this arbitrage capacity line intersects the risk-sharing

line. Note that in the equilibrium with frictions, dealer holdings are always larger than in the

frictionless equilibrium, and the note price is always lower. This reflects the limited ability of

hedge funds and money market funds to transfer risk to speculators, leaving dealers holding

more risk than in the frictionless model. The compensation that money market funds and hedge

funds require for the frictions they face results in a positive equilibrium basis, reflected in the fact

that the equilibrium occurs above the line of equality between ψS,1 and ψD,1.

This section demonstrates two important facts about hedge funds and the cash-futures dis-

connect. First, a positive cash-futures disconnect can result in a simple model with both repo

illiquidity and margin constraints. These frictions prevent hedge funds from fully eliminating

discrepancies between cash and futures prices of Treasuries. Second, as a result of these frictions,

the warehousing function of hedge funds can be impaired. A positive cash-futures disconnect in

the model represents the inability of dealers to offload enough of their interest-rate risk to asset-

managers through hedge funds’ balance sheets and the repo market.

5.7.3 Comparative statics

While the framework we have set up in this model is quite stylized, it does allow us to explore

some of the risks the basis trade is exposed to, and how these risks affect the Treasury market.

First, we examine how sales by noise traders affect the market. Increases in XN induce a parallel

shift in the risk-sharing line, as in the first panel in Figure 25. For small shifts, the basis may

increase or decrease depending on the change in the liquidity premium. For larger shifts, the

margin constraint on hedge funds binds, and dealers must bear a larger share of the increase in

Treasury risk. As a result, the cash price of Treasuries can decrease dramatically. A spike in the

cash-futures disconnect will then occur above the level explained by the increase in repo rates as

margin requirements prevent hedge funds from arbitrage trades.
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The framework can also be used to illustrate the effects of margin constraints on the basis trade

and broader Treasury market. Higher margins shift the limit on ψS,1 in, as hedge fund capacity

to take on basis trades becomes more limited. For small shifts in margins, there is no effect, as

the constraint may not be binding both before and after the shift. For larger shifts, margins may

become binding. As a result, sales may occur from basis traders, shifting a greater supply to

dealers. Cash prices for Treasuries will then fall and the basis will widen. This corresponds to a

simple form of the fire-sale effects in standard models of margin constraints such as Brunnermeier

and Pedersen (2008). This model is static, but in a dynamic context, the possibility of binding

margin constraints in the future could generate a precautionary shift away from the basis trade,

so that margin constraints need not be binding today to affect the returns on the trade and hedge

funds’ ability to pursue it.

Finally, the framework shows how repo market frictions can affect the basis trade. As ω in-

creases, it shifts the arbitrage capacity line out from its initial position. The increase in the cost

of repo leads to shifts from speculators bearing risk to dealers bearing risk as arbitrage becomes

more costly. The cash-futures disconnect also rises to compensate hedge funds for this increased

illiquidity. Again, while in this static model what matters is repo illiquidity today, in a dynamic

model hedge funds would also consider the possibility of illiquidity in the future.

In all three of these cases, limits to arbitrage faced by hedge funds either amplify the effects of

noise trader sales or have a direct effect on cash prices of Treasuries. During March 2020, as we

will show, all three of these risks materialized: real money investors sold Treasuries, margins on

futures contracts increased, and repo market illiquidity drove repo rates up. The model therefore

illustrates how the imperfect nature of hedge fund warehousing can create or amplify stress in

Treasury markets. We will argue below that the Federal Reserve effectively short-circuited what

would otherwise have been an amplifying role through its direct purchases of Treasuries and its

interventions into the repo market.

6 Empirical evidence of limits to cash-futures arbitrage

In this section we test some of the equilibrium relationships predicted by our model. These statis-

tics illustrate how limits to arbitrage affect the cash-futures disconnect. In particular, consistent

41



with our model, we show 1) funding costs of arbitrageurs are correlated with the cash-futures

disconnect, 2) measures of Treasury volatility are associated with larger deviations from arbitrage,

and 3) the quantity of Treasuries on dealer balance sheets is associated with the cash-futures dis-

connect. All three of these facts illustrate not only the direct role of limits to arbitrage, but also the

central role that the balance sheet costs of Treasuries play in the trade. As we will discuss in the

next section, in March 2020, repo markets saw simultaneously high funding costs, volatility, and

a surge of Treasuries on dealer balance sheets, leading to a breakdown in the trade.

One of the main mechanisms of the model in generating the cash-futures disconnect is the

difference between bills and repo financing. To examine this, in Figure 26 we show the arbitrage

spread along with the spread between the GCF Treasury Index and the interest rate on excess re-

serves. The GCF Treasury index is not ideal for this exercise because it is an inter-dealer rate: most

hedge funds either borrow in DVP sponsored repo or in uncleared bilateral repo markets. While

we use data from DVP repo for some sections of this paper, our sample is limited to the beginning

of the OFR’s collection in 2019. GCF is therefore the closest available rate for which we have a

long time-series. We take the spread over the IOER as an example of an overnight unsecured rate.

While few agents have direct access to the IOER, it is a safe overnight and unsecured rate. It is

therefore comparable to GCF rates.

Even with these caveats, the relationship between repo rates and futures-implied yields is

strong. The 2-year and 5-year implied yields are the clearest correlation, particularly during the

period between 2015 and 2020, with both repo rates and futures-implied yields relatively high

between 2015 and 2017, low from 2017 to 2018, and rising again after 2019, peaking in March 2020.

Similar but more noisy patterns can be seen for the 10-year note contract and the bond contract.

In the first row of Table 9, we show a regression of the arbitrage spread on the spread of repo rates

over the IOER from 2010 to 2020. To control for any term premia in the arbitrage spread, we in-

clude fixed effects for the distance to delivery of the contract, allowing for an arbitrary pattern over

the life of the contract. Standard errors are calculated using Newey-West with 22 business days

of lags. For all contracts, the GCF spread is a highly significant predictor of the arbitrage spread,

with higher GCF rates predicting higher arbitrage spreads. This is in line with the importance of

arbitrageurs’ funding costs in driving the overvaluation of futures relative to cash Treasury prices.
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One simple interpretation of these results is that arbitrage between futures positions and cash

positions requires that the cash position must be carried to delivery. In the simplest model of this

arbitrage, the spread between the futures and cash position is made up entirely of the cost of carry.

While the bill rate represents a portion of this cost of carry, bills differ from Treasury notes in two

related respects. First, bills are generally considered to be more liquid than Treasury notes, leading

to a liquidity premium for bills. Second, the owners of bills tend to be different from the owners

of notes: most bills are held by short-horizon investors such as money-market funds. Most notes

are held by pension funds, insurance funds, and longer-term investors. If these two markets are

segmented, and arbitrage between bills and notes is limited, the cost of carry for notes will deviate

from the bill yield, and will reflect in part the funding costs of arbitrageurs in the form of the repo

rate.

The model we present highlights that an important driver of both arbitrage spreads and spreads

between unsecured and secured financing can be the exposure of dealers to Treasuries. When deal-

ers carry large amounts of Treasuries on their balance sheets, they demand extra compensation to

carry more. In the second row of Table 9, we replace the spread of GCF over the IOER with the net

coupon Treasury exposure of primary dealers, which we take from the Federal Reserve Bank of

New York’s Primary Dealer Statistics. These data are available weekly, so we have far fewer obser-

vations. However, Table 9 shows a consistent effect across contracts of dealer Treasury exposure

on the cash-futures disconnect. Higher dealer exposure leads to cash Treasuries being discounted

relative to futures. This is consistent with the mechanism in the model where rising dealer carry

costs cause a greater spread between cash and futures prices. This second row is arguably more di-

rectly relevant to our model, since the GCF spread is serving as a proxy for frictions in hedge fund

repo in the model, while the relationship between dealer Treasury exposure and the cash-futures

disconnect is a direct prediction of the model.

Next, we examine the effects of margins and volatility on the cash-futures disconnect. The

effect of the repo rate on short and long positions is symmetric. If repo borrowing is expensive,

shorting the basis is cheap, as lending will command higher returns. However, if repo borrowing

is expensive, going long the basis is expensive, since borrowing will be costly. Repo borrowing

costs should therefore not only predict the size of any deviations of cash prices from futures prices
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but also their sign. On the other hand, margin requirements apply equally to long and short

Treasury futures positions, making both more expensive. Therefore, high margins are likely to

predict high deviations from arbitrage, but not their sign. Indeed, if we include margins in the

regression in Table 9, they are not regularly statistically significant nor do they have a consistent

sign across contracts.

On the other hand, margin requirements do seem to affect deviations from arbitrage — that is

the absolute value of the spread between futures-implied yields and the bill yield. Table 10 shows

the results of regressions of the deviations from arbitrage on the level of maintenance margins, the

VIX index, dealer Treasury exposures, a quarter-end dummy, and a set of fixed effects for days

to delivery. Maintenance margins are significant for all contracts except the 2-year, where mar-

gins are generally significantly smaller, and across these contracts higher margins are associated

with higher deviations from arbitrage. This is suggestive that margin requirements play a role in

deviations from arbitrage.

Independently from margins, the VIX index also appears to affect arbitrage spreads. There

are two possibilities for this association. First, the current level of margins is not a basis traders’

primary concern. Instead, their concern is over futures margins and any margin calls that may

result. The VIX index may capture both some of these future margins and also some underlying

Treasury volatility, which makes margin calls more likely. Second, the VIX index may capture

limits to arbitrage on other participants in cash Treasury and futures markets. In our model of

the basis trade, the sources of arbitrage spreads are a function of limits to arbitrage on dealers

and asset managers who affect segmentation across these markets. In many models of limits to

arbitrage, including our own, volatility also affects the ability of these agents to close spreads

among these assets in addition its effect on margins.

Table 10 also presents an interesting contrast between the arbitrage trade we study and other

studies of arbitrage deviations and the repo market. Many of these papers have focused on quarter

end deviations from arbitrage. For instance, Du et al. (2018) highlights the effects of quarter-ends

in increasing the level of deviations from covered interest rate parity (CIP), and He et al. (2020)

focuses on the effects of quarter-ends on repo rates. We do not find similar effects for the cash-

futures arbitrage spread, even when including interaction terms for different periods. We believe
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this represents the specific factors affecting the cash-futures basis. Quarter-end periods are a focus

because they tend to feature a pull-back of arbitrage capital from foreign banks concerned about

their quarterly filing deadlines. The fact that quarter-ends do not appear to have a consistent effect

on arbitrage spreads across contracts highlights the roles of the specific arbitrageurs involved in

a trade on the pattern of deviations from arbitrage. In contrast to CIP deviations, we show that

the arbitrageurs in the cash-futures basis are largely hedge funds, that are not likely to face these

quarter-end incentives.

7 Cash-futures basis trades and March Treasury illiquidity

A key prediction of the model is that during times of stress, hedge fund basis trades can amplify

stress that results from sales of Treasuries by other investors. In March 2020, selling pressure by

real money investors in the Treasury market brought on by the COVID-19 pandemic led to pres-

sure on dealers’ balance sheets, increasing Treasury volatility while decreasing prices. In addition

to the direct margin requirements for hedge funds that were caused by these decreasing prices,

the CBOT also increased maintenance margins on Treasury futures in response to rising volatility.

Due either to margin calls or prudential risk management by hedge funds, sales of the basis trade

resulted, with hedge fund futures positions declining sharply by mid-March. Simultaneously,

repo rates increased, and arbitrage deviations between cash and futures prices widened.

These developments were consistent with the amplification mechanism outlined in our model,

suggesting hedge funds’ sales of the basis may have exacerbated stress in the Treasury market.

However, we present suggestive evidence that well-timed actions by the Federal Reserve were

essential to minimizing the amplification of Treasury market stress through sales of the basis.

Purchases of Treasuries by the Federal Reserve and expansions of their repo facilities eased the

impact of sales on dealers, and provided a guarantee of a buyer for cheapest-to-deliver securities.

This is consistent with our model, where repo facilities and purchases by the Federal Reserve can

directly offset selling pressure from preferred-habitat investors, short-circuiting margin spirals.

The mechanism in our model is then suggestive both of the importance of these Federal Reserve

actions and the possibility that, absent these actions, the impact on Treasury markets might have

been much worse.
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7.1 Onset of Treasury market illiquidity

In early March 2020, Treasury market liquidity decreased. As yields fell, volatility spiked, accord-

ing to multiple option-implied indexes (see Figure 27). At the same time, bid-ask spreads began

to increase, concentrated in off-the-run Treasuries (see Figure 28). Standard spreads associated

with liquidity risk, such as the on-the-run/off-the-run spread, also spiked. These indicators are

consistent with a general flight to liquidity, with investors selling off-the-run Treasuries and either

holding the proceeds as cash or purchasing more-liquid on-the-run Treasuries that could be more

readily converted into cash.

The illiquidity in Treasury markets seems to have been spurred by large sales from foreign and

domestic real money investors, particularly foreign central banks and domestic mutual funds.

Sales by domestic mutual funds have been highlighted by Pastor´ and Vorsatz (2020). Less atten-

tion has been paid to foreign official accounts. Treasury International Capital System data show

that net decreases in foreign Treasury positions were around $257 billion in the month of March,

with a decrease of $147 in foreign official accounts.9 Data from the Federal Reserve’s Factors Af-

fecting Reserves, which provide a higher-frequency view of foreign official custody holdings with

the Federal Reserve, suggest these sales began in the last weeks of February, as shown in Figure

29. These sales were likely made in order to build up dollar buffers for foreign central banks for

currency interventions as well as spending. The later addition of swap lines by the Federal Re-

serve allowed foreign official accounts to build these buffers without the need for greater selling

of Treasuries.

Sales from these foreign official accounts may have had particular importance for Treasury

market illiquidity. Primary dealers are required to make “reasonable” markets for sales of Trea-

suries by these accounts. Additionally, as Figure 29 shows, the funds from these sales seem to

have been invested in significant part in the Federal Reserve’s foreign repo pool. This effect is

outlined in Figure 30. When a domestic agent sells Treasuries to a dealer and invests the proceeds

in a domestic bank account, these funds can still be made available to the dealer to fund the Trea-

sury purchase through the repo market. When a foreign seller invests the proceeds of a sale into

the foreign repo pool, reserves are effectively removed from the system, potentially making repo

9Unlike other figures from TIC, these figures, which come from the Major Foreign Holders of Treasuries data, are
likely to exclude hedge funds domiciled abroad.
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financing of Treasuries more expensive. While large increases in reserves provided by the Federal

Reserve may have blunted the impact of the pool on the availability of funding, on the margin the

foreign repo pool may still have had a deleterious impact on Treasury liquidity by making repo

balances more expensive.

As our model highlights, the immediate effect of these sales by real money investors on Trea-

sury prices occurred because they increased the Treasury exposure of dealers. In our model, even

without hedge funds to amplify Treasury market stress, a sudden increase in Treasury sales will

cause Treasury prices to decrease. Making markets requires dealers to hold inventories of the Trea-

suries in which they make those markets, with accompanying regulatory and balance sheet costs.

As the right panel of Figure 13 shows, leading into March, primary dealers already had elevated

exposure to Treasuries, an increase that began in late 2018. Sales in the Treasury market increased

this exposure, especially to the shortest and longest residual maturity Treasuries. Without imme-

diate buyers, these Treasuries remained on dealers’ balance sheets and made the dealers hesitant

to create markets in these off-the-run Treasuries.

7.2 Stress in the basis trade

Treasury market illiquidity had an immediate effect on basis trades. One feature our model high-

lights is the importance of margins in the amplification of Treasury market stress. This was mir-

rored in events in March. The price movements and volatility induced by Treasury sales led to

increases in maintenance margins on Treasury futures. Figure 31 examines these increases in

maintenance margins around the March stress. The figure is created from the point of view of

a trader short the Treasury futures contract. The gray area represents the size of margins, while

the blue line is the change in price of a $200,000 notional 2-year contract. When the blue line goes

beyond the gray area below zero, the increase in Treasury price exceeds the maintenance margin

for the short position. A trader short the futures contract who held no cash in their margin ac-

counts beyond the maintenance margin would then face a margin call. When the blue line goes

beyond the gray area above zero, the decrease in Treasury price exceeds the maintenance margin

for the long position. A trader long the futures contract who held no cash in their margin accounts

beyond the maintenance margin would then be faced with a margin call.
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Leading into March, volatility increased in Treasury prices, matched by volatility in futures

prices. Just prior to the beginning of March, price movements were large enough that mainte-

nance margins were breached, meaning that the single-day price movement was larger than the

maintenance margin set by the CBOT. To give a sense of the surprise of these price movements,

the green area denotes the range of 95% of the daily price movements in 2019. The price move-

ments that breached these margins were far larger than those bounds. As a result, the CBOT

began increasing margins. On March 9, margins were again breached, leading to an additional

increase in maintenance margins. During the peak of stress in Treasury markets, these margins

also reached their peak, and remained high through early May. This pattern held across Treasury

futures contracts. From February 28 to March 16, across Treasury note futures contracts margins

rose by more than 30%, while margins on bond futures more than doubled, corresponding to their

longer duration.

Further, the variation margin payments on the futures contract were not fully offset by the

increase in prices in the long note position. Futures prices rose more quickly than cash prices and

remained elevated relative to recent history (see Figure 32). Higher margins served to increase the

cash-futures basis, leading to losses for basis traders who were long the basis. It is important to

note that these breaches of maintenance margins do not necessarily correspond to margin calls on

positions. In general, hedge funds keep funds in their margin accounts in excess of maintenance

margins as a matter of risk management. It is therefore difficult to assess the probability that

hedge funds faced margin calls or the size of any margin call they may have faced. However, even

when hedge funds do not face margin calls directly, increases in maintenance margins increase

the effective cost of positions in Treasury futures, and will therefore still lead to hedge funds being

less likely to take on basis positions all else being equal.

The imperfect nature of pass-through within repo markets may also have contributed to the

losses on basis positions. Figure 33 illustrates the pass-through of federal funds rate target changes

onto the repo rates for sections of the DVP market. In the top panel, we present the spread of

DVP rates over the federal funds target rate. We have split these rates into three segments, the

sponsored lending segment, which is largely money market funds lending to banks and dealers;

the inter-member market, which is dealers and banks borrowing from and lending to each other;
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and the sponsored borrowing market, which as we have shown is largely hedge fund borrowing

from dealers and banks. The two black lines show the rates on the Federal Reserve’s repo (RP)

and overnight reverse-repo facilities (ON-RRP), which since September 2019 the Federal Reserve

has used to control rates in the repo market and to enact monetary policy. In the bottom panel, we

show volumes in these facilities. As we discuss, volumes in these facilities effectively controlled

rates up until March.

Prior to March, these facilities provided tight control over rates in the inter-dealer and spon-

sored lending sections of the market. The repo facility gives dealers an outside option from which

to borrow. When this ceiling is effective, dealers in the inter-dealer market will not be willing to

accept rates higher than the RP facility. Indeed, the inter-dealer rate prior to March stays near

the ceiling set by this facility. At the same time, the ON-RRP facility gives an outside option to

money market funds. Funds can lend to the Federal Reserve overnight and receive the ON-RRP

rate, and will therefore be unwilling to accept lower rates. Since the majority of sponsored lenders

are money-market funds, rates in this market stay near the floor set by the ON-RRP facility. This

is true even as the facility rates were adjusted in late February. Repo rates rose nearly one-for-one

with the increase in these rates relative to the Federal Funds target at this date.

At the beginning of March, two vulnerabilities of this system were exposed. First, the RP

facility had limited volume. As liquidity became scarce, volume in the RP facility increased, as

can be seen in the shaded areas of Figure 33. This resulted in the weighted average rate on the

repo facility being driven up beyond the minimum in auctions, which can be seen in the periods in

which the black RP facility line spikes up. During these periods, inter-dealer rates in DVP also rose

beyond the upper bound, as dealers who did not receive funding from the RP facility had to fund

themselves at higher rates. In the brief period during which the RP facility was not breached, rates

fell low enough that they were below the floor set by the RRP facility, and money market funds

instead turned to the Fed facility.

The second vulnerability was that there is no direct means for hedge funds to access liquidity

provided by the Federal Reserve. Instead, they must receive their funding through dealers and

banks, and so are only indirectly supplied with liquidity by the Fed. Prior to March, the premia

hedge funds were charged was relatively constant over inter-dealer rates. Entering March, these
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premia increased, reaching a peak around the peak of Treasury illiquidity on the 17th. Hedge

funds borrowing in DVP were therefore exposed both to the increase in the cost of funding for

dealers and also to increases in the spreads charged over that financing cost. On the 17th in par-

ticular, many hedge funds in DVP faced extremely high rates for their repo funding, therefore

making it costlier to carry the basis trade through this period of illiquidity.

In March, the two primary risks of the basis trade were realized. Margins increased, at a

minimum increasing the costs of maintaining basis positions, and possibly causing margin calls,

while funding through the repo market became more volatile, increasing rollover risk for trades

funded in the repo market. As a result, it seems, hedge funds began to unwind their basis trade

positions.

7.3 The unwind of hedge fund basis trades

Margin calls and repo rate uncertainty may have forced an accelerated decline of hedge fund

short futures positions (see Figure 34). In particular, total hedge fund shorts in the 2-year, 5-year,

and 10-year contracts declined from $659 billion in face value to $554 billion between February

18 and March 17, 2020, with particularly large declines of more than $71 billion in the 2-year

contract.10 Some portion of this decline preceded March, with shorts declining by $21 billion

between February 18 and March 3, which may have represented some foresight of the stress that

potential spread of COVID-19 to the United States could put on Treasury markets.

Additional evidence of hedge fund cash Treasury sales resulting from a partial unwind of the

basis trade is found in Form PF data. Between the ends of February 2020 and March 2020, total

hedge fund Treasury exposure declined from $2.19 trillion to $1.81 trillion. For hedge funds that

we classify as large basis traders, long Treasury positions decreased from $756 billion to $652

billion, a decrease of $104 billion and nearly identical the $105 billion reduction in short futures

positions. Net repo borrowing decreased from $515 billion to $424 billion, a difference of $91

billion. Under our previous interpretation that the mismatch between repo borrowing and lending

represents a measure of the size of the basis trade for these funds, these figures suggest a $91 billion

10There are two ways to reduce futures exposure: for contracts maturing in March, hedge funds may have simply
not rolled over into the June contract. For contracts maturing after March, hedge funds would have to take on offsetting
long positions.
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decrease in the basis trade. Combined with the total decrease in short futures of $105 billion, this

suggests hedge funds may have sold upwards of $100 billion in cash Treasuries as a direct result

of shrinking their basis trade positions.

In combination, Treasury illiquidity and imperfect repo pass-through led to a large disconnect

between the implied repo rate and Treasury bill yields across contracts. The IRR followed the

bill rate until early March, but then quickly diverged as the two-month Treasury yield fell while

the IRR rose (see Figure 35). This departure began as the bill rate rapidly moved below the DVP

sponsored borrowing rate and these trades became less profitable. The spread between the IRR

and bill yields then increased, rising well above the average over the last two years, and falling

around two percent per annum (see Figure 36). This disconnect peaked around March 17 when

the Fed intervened (see discussion below), and then began to normalize with the IRR falling back

into line with both the bill rate and actual repo rate.

While we are unaware of any hedge fund defaults associated with the basis trade during this

illiquidity episode, many of the risks of the basis trade appear to have materialized during March.

Large sales from foreign central banks and asset managers put pressure on dealer balance sheets,

raising Treasury price volatility, margins on Treasury futures, and increasing uncertainty on repo

rates with Treasury collateral. In response, hedge funds appear to have reduced their basis posi-

tions, selling cash Treasuries and purchasing offsetting long futures contracts. These facts suggest

that the Treasury market may have been on the precipice of even greater disruptions. However,

in the next section we show that the security most heavily connected to the basis trade continued

to show signs of liquidity during the period, suggesting that while hedge fund sales may have

contributed to stress, they were unlike to be the proximate cause of instability leading up to the

March 17 intervention.

7.4 Signs of liquidity in the cheapest-to-deliver

The large size of the basis unwind does not in itself indicate the effect of these trades on Treasury

liquidity. Rather, there is evidence that the basis trade continued to provide liquidity through

March.

In particular, the deliverability premium increased dramatically in the stress period of March.
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Figure 37 shows the premium of the June cheapest-to-deliver for all Treasury contracts over 2020.

These deliverable spread increases coincided with increases in bid-ask spreads across Treasuries.

They reached their peak during the height of Treasury market stress, between March 11 and March

17. The spreads were highest on the Treasuries most popular in the basis trade, the 2-year, 5-year

and to a lesser extent the 10-year, and had generally decreased by the beginning of April as stress

in the Treasury market fell.

Moreover, this liquidity premia was tightly concentrated in the cheapest-to-deliver Treasuries.

Figure 38 shows the fitted and actual yields across Treasuries on March 11, the height of the illiq-

uidity. Deliverable maturities are highlighted in gray, while deliverable Treasuries are shown in

green, and non-deliverable Treasuries in light blue. The dark blue line shows the fitted values

from the spline model for each maturity, and the shaded blue area denotes the 95% confidence

interval for the fitted curve. For the 2-year and 5-year, the cheapest-to-deliver are the lowest ma-

turity of the green dots, which are both well outside the confidence interval for the fitted curve,

suggesting their price is significantly different from what would be expected given the prices of

similar Treasuries. While the second-cheapest-to-deliver for the 2-year also has a significant error,

the prices of other deliverable Treasuries generally fall within the standard error bounds. This is

consistent with the importance of the cheapest-to-deliver in the trade during this month.

That the deliverability premium increased during March represents a substantial caveat to the

idea that sales of the basis directly harmed Treasury liquidity. If selling pressure from hedge funds

exiting the basis trade had significantly harmed Treasury liquidity, we would expect the price of

the cheapest-to-deliver securities to have fallen relative to comparable securities as dealers accu-

mulated large net exposure to these specific Treasuries. That the premium rose suggests that any

selling pressure was offset by the liquidity that the basis trade provides and the link it establishes

to futures markets.11 This link may have become particularly valuable during the general flight to

liquidity during March, and reduced pressure on dealers purchasing the cheapest-to-deliver.

As a result, while the general evidence points to sales of the basis by hedge funds during

March, we do not find evidence that these sales in turn caused greater illiquidity in the Treasury
11It is possible that in order to keep basis trades open while meeting margin calls, hedge funds may have sold

Treasuries other than the cheapest-to-deliver, thus contributing to the lower price of other securities. It is difficult to
reject this possibility without more detailed data on hedge funds’ Treasury holdings. However, even in this case the
willingness of hedge funds to sell other Treasuries to keep their basis trades open would still indicate excess demand
for the trade.
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market. While many of the risks of this trade seem to have materialized, evidence of spillovers into

Treasury liquidity and short-term funding disruptions are limited. Yet, had liquidity not returned

to the Treasury market when it did, and had repo rates not fallen, the consequences for relative

value hedge funds likely would have been much worse. With this in mind, we turn next to the

importance of the Fed’s actions to restore normal Treasury market functioning.

7.5 Effect of Federal Reserve actions

Timely intervention by the Federal Reserve may have been crucial for limiting the extent of hedge

fund losses in the basis trade and in preventing broader spillovers. Following March 16, returns

on the basis trade began to move back into line with the returns on Treasury bills, and came closer

to the cost of borrowing in the sponsored repo market. Several Fed actions on March 16 and 17

may have contributed to this easing of pressure on hedge funds. In particular, Federal Reserve

expansions of Treasury purchases provided an additional source of demand for off-the-run Trea-

suries, while expansions of the central bank’s repo facility reduced financing risks associated with

providing liquidity to Treasury markets. It is difficult to know exactly which of these actions was

most important, in particular because they were mutually reinforcing.

The Federal Reserve took the unusual action of including the cheapest-to-deliver Treasury

across contracts in its purchases. The direct effect of these purchases may have been limited. Pur-

chases of deliverables for longer duration securities picked up almost immediately after March 15

(see Figure 39). However, these longer-duration securities seem to have made up a relatively small

portion of hedge fund short futures positions. Alternatively, Fed purchases of the most popular 2-

year and 5-year cheapest-to-deliver Treasuries were negligible until April. This is consistent with

the basis trade still providing liquidity to the market, as dealers may have been more comfortable

holding Treasuries for which they had a natural source of demand from basis traders.

However, the indirect effect of including cheapest-to-deliver Treasuries in Federal Reserve pur-

chases may have been substantial. Even if purchases of shorter-maturity cheapest-to-deliver Trea-

suries on March 16 were small, the knowledge that the Treasuries could be sold to the Federal

Reserve in the future may have made dealers more willing to hold these Treasuries, allowing

hedge funds to gradually reduce their exposure to the basis trade. The increase in Federal Reserve
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purchases in April may then represent concerns over the longer-term profitability of basis trades.

Without these actions, dealers may not have been willing to hold the cheapest-to-deliver securities

in order to accommodate a gradual withdrawal from the basis trade.

As these purchases may have made dealers more willing to accept cheapest-to-deliver Trea-

suries, the Fed also lowered the costs of funding these Treasury holdings for hedge funds. Fed

actions succeeded in lowering the DVP repo rate across segments of the market, including in the

sponsored borrowing segment. Expansion of the repo facility likely reduced these rates by re-

lieving liquidity concerns among dealers. Following this expansion on March 16, the sponsored

lending rate fell to the zero lower bound defined by the Fed’s overnight reverse repurchase (ON-

RRP) facility (see Figure 33). The rate on sponsored borrowing largely fell in lockstep, reducing

the cost of funding these Treasury positions for hedge funds. The relatively calm state of the repo

market following this expansion of the RP facility on the 17th is a testament to the strength of

these facilities in controlling rates.

In total, the large and timely intervention by the Fed into both Treasury and repo markets eased

building pressure in the system. While impossible to know, without these steps the unwinding of

the basis trade may have further destabilized markets and could have sparked a liquidity spiral

as in Brunnermeier and Pedersen (2008). Nonetheless, we offer evidence that contrary to much of

the coverage in the financial media and popular press, hedge fund stress in the basis trade was

unlikely to be the primary cause of stress leading to the events in mid March. While hedge funds

were vulnerable to worsening illiquidity, they appear to have sold the securities that dealers were

most willing to accept, suggesting sales from other market participants may have contributed

more to balance sheet constraints on dealers, price volatility, and widening bid-ask spreads.

8 Conclusion

The stress in Treasury markets in March 2020 has led to an evaluation of the structure of Treasury

markets and their exposure to sudden bouts of illiquidity. Regardless of their direct impact during

March, the involvement of hedge funds in the basis trade is a key feature of Treasury markets in

recent years, with hedge funds involved playing a role both as a major holder of Treasuries and as

a major supplier of collateral to repo markets. The sheer quantity of Treasury securities involved
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makes understanding the trade important to our picture of Treasury markets, especially as the

trade drives a substantial proportion of holdings of Treasuries by hedge funds, a key non-bank

actor in Treasury markets.

We show the basis trade became popular in part as a result of a fundamental disconnect be-

tween the prices of cash Treasuries and Treasury futures, one that has grown larger in recent years.

In a frictionless market, the spreads we demonstrate would not exist. Yet we show these spreads

in reality are both fairly large and relatively persistent. Further, we show the size of these spreads

are associated with measures of volatility, disconnects between bills and repo, and the Treasury

exposure of primary dealers. These facts suggest the importance of limits to arbitrage in cash and

futures markets for Treasuries.

The popularity of this trade, as well as the persistent disconnect between cash Treasuries and a

replicating portfolio of futures and bills, serves to illustrate more general issues affecting Treasury

markets. The role that hedge funds involved in the trade played as a warehouse for Treasuries

suggests substantial costs to other actors for holding Treasuries on their balance sheet. Our model

illustrates the circumstances under which hedge funds end up playing this role as warehouses.

It also suggests the risks relying on hedge funds in this role could pose as the margin constraints

and repo market frictions they face could amplify pressure on dealer balance sheets in a flight to

liquidity.

In March 2020, sales by real money investors led to rising volatility in Treasury markets, and

corresponding increases in margins and volatility in repo markets. Large sales from hedge funds

trading the basis seem to have followed this event. We show some evidence that these sales may

have had a smaller effect on dealer balance sheets than might otherwise have been expected, and

in fact that dealers attached particular value to these Treasuries during the peak of March stress.

However, these facts must be interpreted in the context of a timely and large intervention of the

Federal Reserve into Treasury and repo markets. Without that intervention, our model suggests

that the amplifying role of hedge fund sales could have exacerbated illiquidity in the Treasury

market.

In the context of ongoing discussions of Treasury market reform, policy makers should there-

fore consider both the potential impact of the basis trade on Treasury market liquidity, and the
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broader context that allowed these trades to be profitable in the first place. While this broader

research project is only at its beginning, our paper points to important links among repo markets,

Treasury markets, and futures markets spanned by hedge funds.
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A Appendix

Figure 40 shows a longer time-series for the plot in Figure 8. The link between cash and futures
values of Treasuries has changed over time. From 1992-2020 on average futures have been under-
valued relative to the underlying Treasuries. However, in the last decade, futures have become
overvalued.
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Table 1: Details of terms for different Treasury futures contracts. This table provides details on
the contract terms for Treasury futures traded at the Chicago Board of Trade, including the original
and residual maturity required for cash Treasuries to be deliverable into the contract and notional
amounts for each contract.

Treasury futures Original maturity Residual maturity Notional
contract name restrictions restrictions at amount

delivery

2-year note ≤ 5 years, 3 months ≥ 1 year, 9-months 200,000
≤ 2 years

5-year note ≤ 5 years, 3 months ≥ 4 years, 2 months 100,000

10-year note ≤ 10 years ≥ 6 years, 6 months 100,000
≤ 10 years

10-year ultra ≤ 10 years ≥ 9 years, 5-months 100,000
note ≤ 10 years

Bond ≥ 15 years 100,000
≤ 25 years

Ultra bond ≥ 25 years 100,000

Table 2: Fitted yield spreads for cheapest-to-deliver and on-the-run Treasuries. For the right
two columns, we show the average pricing error from our spline model as well as the standard
deviation for Treasuries that are cheapest-to-deliver in each category. Averages are taken from the
full sample between January 1, 1992 and May 1, 2020. For the left two columns, we show the same
statistics for on-the-run Treasuries in that maturity category.

Cheapest-to-deliver On-the-run
Maturity Mean Std. Dev Mean Std. Dev

2-year 1.09 6.70 1.17 5.86
5-year 0.85 2.49 2.09 4.38
10-year 0.53 2.65 6.08 6.10
30-year 0.34 2.24 2.28 2.87
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Table 3: Yield spread for cheapest-to-deliver regressed on the on-the-run spread. This graph
shows a regression of the cheapest-to-deliver premium, obtained as the residual from a spline
curve, against a similar premium calculated for the on-the-run premium. These premia are win-
sorized at the 0.5% level. Regressions in the top panel use daily data from January 1, 1992 to
May 1, 2020. Regressions in the bottom panel use daily data from January 1, 2016 to May 1, 2020.
Standard errors are calculated using Newey-West with 22 business days of lags.

1992-2020

2-Year
Dependent variable: Cheapest-to-deliver premium

5-Year 10-Year Bond

On-the-run premium 0.727∗∗∗ 0.135∗∗∗ 0.187∗∗∗ −0.127∗

(0.097) (0.036) (0.047) (0.021)

R2 0.403 0.052 0.175 0.021
N 7, 080 7, 080, 7, 080 6, 886

Note: ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01

2016-2020

Dependent variable: Cheapest-to-deliver premium
2-Year 5-Year 10-Year Bond

On-the-run premium 1.167∗∗∗ 0.492∗∗∗ 0.115∗∗∗ 0.631∗∗∗

(0.134) (0.064) (0.037) (0.219)

R2 0.832 0.532 0.044 0.109
N 1, 081 1, 081 1, 081 1, 081

Note: ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01

Table 4: Cash flows from arbitrage strategy with a short bills position.

Buy τ -maturity note Sell Ft,τ,T of Short τ futures Net cash flow
T -maturity bill delivering at T

Time 0
Time T
Time τ

−P0,τ

0
1

F0,τ,TB0,T

−F0,τ,T

0

0
F0,τ,T

-1

F0,τ,TB0,T − P0,τ

0
0
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Table 5: Difference between futures implied yields and bill yields. This table displays the dif-
ference between the cheapest-to-deliver price and the replicating portfolio of Treasury bills and
futures by sample. In parentheses, t-statistics test the hypothesis that the average difference be-
tween these yields is zero.

1992-1995 1995-2000 2000-2005 2005-2010 2010-2015 2015-2020 1992-2020
Contract Roll

2-Year 1st -0.097 0.318 -0.024 0.193 0.211 0.246 0.138
(-2.6) (9.87) (-0.84) (7.19) (20.65) (18.83) (13.01)

2nd -0.194 0.111 -0.612 -0.51 0.07 0.13 -0.206
(-20.76) (9.6) (-26.07) (-36.96) (19.84) (23.61) (-33.16)

3rd -0.116 0.255 -0.398 -0.305 0.042 0.227 -0.13
(-0.68) (2.97) (-3.78) (-22.54) (4.5) (42.11) (-12.14)

5-Year 1st -0.264 0.753 -1.324 -0.152 0.122 0.327 -0.165
(-7.61) (14.91) (-29.15) (-3.34) (5.21) (14.96) (-9.18)

2nd -0.508 0.295 -0.932 -0.326 0.072 0.254 -0.257
(-48.11) (19.22) (-65.2) (-18.09) (13.34) (44.61) (-34.07)

3rd -0.567 0.144 -1.066 -0.074 0.212 0.281 -0.097
(-30.25) (8.76) (-12.0) (-4.85) (12.03) (29.35) (-9.18)

10-Year 1st -0.536 0.093 -0.729 -0.235 0.098 0.209 -0.239
(-11.84) (1.82) (-19.68) (-5.05) (2.61) (6.6) (-13.48)

2nd -0.721 -0.084 -0.845 -0.631 -0.095 0.128 -0.454
(-58.93) (-6.65) (-54.47) (-35.57) (-9.04) (13.65) (-63.48)

3rd -0.749 -0.044 -0.959 -0.511 0.207 0.098 -0.368
(-60.8) (-2.7) (-25.84) (-13.71) (11.89) (8.53) (-31.48)

Bond 1st -0.243 0.346 -0.655 0.209 0.054 0.04 -0.043
(-3.69) (4.86) (-12.79) (3.23) (0.92) (0.73) (-1.71)

2nd -0.425 0.182 -0.57 0.012 0.004 0.006 -0.135
(-30.12) (15.38) (-38.17) (0.81) (0.35) (0.48) (-20.98)

3rd -0.465 0.039 -0.555 -0.15 0.137 0.341 -0.176
(-54.16) (4.26) (-48.62) (-4.11) (3.32) (22.29) (-15.61)
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Table 6: GARCH estimates of the cash-futures arbitrage spread. This table shows the results
of a GARCH(1,1) process estimated on the arbitrage spread: the difference between the futures
implied yield and the yield on a similar maturity bill. The regression uses daily observations
for the second-to-deliver contract from 1992 to May 2020. For each regression, days where futures
prices are unchanged from the previous day are dropped. In the top panel, we show our estimates
for the AR-1 process for means, while in the bottom panel we show our GARCH process estimates
for variances.

2-Year

Dependent variable: Arbitrage Spread

5-Year 10-Year Bond

Constant

Lagged arbitrage spread

0.001∗∗∗

(0.002)
0.943∗∗∗

(0.02)

Mean model
−0.011∗∗∗ −0.035∗∗∗

(0.003) (0.005)
0.93∗∗∗ 0.884∗∗∗

(0.013) (0.01)

−0.03∗∗

(0.012)
0.527∗∗∗

(0.071)

Constant

Auto-regressive term

Moving average term

0.002∗∗∗

(0.001)
0.419∗∗∗

(0.061)
0.581∗∗∗

(0.07)

Variance model
0.005∗∗∗ 0.031∗∗∗

(0.002) (0.007)
0.36∗∗∗ 0.34∗∗∗

(0.078) (0.07)
0.631∗∗∗ 0.434∗∗∗

(0.072) (0.075)

0.006∗∗

(0.003)
0.182∗∗∗

(0.03)
0.818∗∗∗

(0.033)

Observations
R2

Adjusted R2

6, 061
0.774
0.774

6, 826
0.815
0.815

6, 857
0.623
0.622

6, 873
0.17
0.17

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 7: Cash flows from arbitrage strategy with repo.

Buy τ -maturity note Borrow against note Short τ futures Net cash flow
in repo market delivering at T

Time 0
Time T
Time τ

−P0,τ

0
1

P0,τ

−P0,τ (1 + r)T

0

0
F0,τ,T

-1

0
F0,τ,T − P0,τ (1 + r)T

0
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Table 8: Maintenance margins and volatility indexes. This table reports results for a regression
of margins on the second-to-deliver Treasury futures contract on the values of the VIX and MOVE
indexes.

Index

MOVE

2-Year

6.446∗∗∗

Dependent variable: Maintenance Margin

5-Year 10-Year

5.084∗∗∗ 6.609∗∗∗
Bond

0.680
(1.119) (0.977) (1.167) (2.826)

VIX 20.745∗∗∗ 16.936∗∗∗ 24.895∗∗∗ 28.149∗∗

Observations 3,464
R2 0.540

Note:

(4.947)

3,464
0.485

3,268
0.435

(4.015)

3,268
0.420

3,681
0.332

(3.358)

3,681
0.418

∗p<0.1

4,272
0.001

; ∗∗p<0.05

(12.864)

4,272
0.076

; ∗∗∗p<0.01

Table 9: Regression of arbitrage spreads on the repo rate. This table shows results of a regres-
sion of the spread between futures implied yields and equivalent maturity bill yields on either
the spread of the GCF repo index over the interest rate on excess reserves or dealer Treasury
exposures. Fixed effects are included to account for the days to deliver of the futures contract.
Regressions use data from January 1, 2010 through May 1, 2020. For the specifications using the
GCF-IOER spread, regressions are daily, while the specifications using dealer Treasury exposure
are weekly. Dealer exposure is net dealer exposure in billions of dollars. Standard errors are cal-
culated using Newey-West with a 22-business-day lag for the specifications using the GCF-IOER
spread, and with a three-week lag for the dealer exposure measure.

2-Year

GCF - IOER 0.299∗∗∗

Dependent variable: Arbitrage Spread

5-Year 10-Year

0.355∗∗∗ 0.524∗∗∗
Bond

0.296∗∗

(0.092) (0.122) (0.196) (0.122)
Dealer 1.127∗∗∗ 1.737∗∗∗ 2.233∗∗∗ 1.444∗∗∗

exposure

Observations 2,154
R2 0.136
Adjusted R2 0.081

Note:

(0.298)

446
0.353
0.158

∗p<0.1

2,001
0.119
0.071

; ∗∗p<0.05;

(0.361)

416
0.323
0.156

∗∗∗p<0.01

2,014
0.141
0.089

(0.374)

422
0.319
0.118

2,582
0.078
0.031

(0.332)

535
0.245
0.067
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Table 10: Arbitrage deviations, margins, and the VIX. This table shows results of a regression of
the absolute value of the spread of futures implied yields over equivalent maturity bill yields on
maintenance margins for the contract as well as dealer Treasury exposure, the VIX, and a dummy
for quarter ends. Fixed effects are included to control for the distance to delivery of the futures
contract. Regressions use data from January 1, 2010 through May 1, 2020. Data are weekly, and
dealer exposure are net exposures in billions of dollars. Dealer exposure is net dealer exposure in
billions of dollars. Standard errors are calculated using Newey-West with a three-week lag.

2-Year

Dependent variable: |Arbitrage Spread |
5-Year 10-Year Bond

Maintenance margins 0.051 0.450∗∗∗ 0.214∗∗ 0.070∗∗∗

(0.075) (0.127) (0.103) (0.024)
Dealer exposure 0.897∗∗∗ 1.192∗∗∗ 0.556∗∗∗ 0.733∗∗∗

(0.200) (0.262) (0.211) (0.281)
VIX 0.665∗∗∗ 0.271 0.640∗∗∗ 1.555∗∗∗

(0.155) (0.225) (0.242) (0.396)
Quarter end −0.030 0.018 0.042 −0.014

(0.038) (0.051) (0.063) (0.067)

Observations
R2

Adjusted R2

446
0.423
0.243

416
0.292
0.109

422
0.247
0.015

535
0.365
0.210

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Figure 1: Open interest in 5-year Treasury futures contract by delivery month. The volumes
suggest that most contracts tend to roll to the next delivery date just prior to the beginning of the
current contract’s delivery month.
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Figure 2: Time-series of the bond futures implied yield and bill yield. Long time series of the
annualized futures implied yield and the yield for an equivalent maturity bill. Uses the second-
to-deliver futures contract.
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Figure 3: Convergence of cash and Treasury prices for the cheapest-to-deliver (means). Each
series in this graph is the average deviation of the futures and cash Treasury from the last invoice
price of the futures on the delivery date. The x-axis denotes days to delivery. The gray background
denotes open interest in the contract, reported on the right axis.
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Figure 4: Convergence of cash and Treasury prices for the cheapest-to-deliver (variance). Each
series in this graph is the average squared deviation of the futures and cash Treasury from the last
invoice price of the futures on the delivery date. The x-axis denotes days to delivery. The gray
background denotes open interest in the contract, reported on the right axis.
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Figure 5: Non-convergence of cash and futures prices for the non-cheapest-to-deliver (means).
Each series in this graph is the average deviation of the futures and cash Treasury from the last
invoice price of the futures on the delivery date. In contrast to the last figure, the average is taken
over the invoice prices and Treasury prices for all Treasuries that are not the cheapest-to-deliver.
The x-axis denotes days to delivery.

020406080100120
−3

−2

−1

0

1

2

3

Sp
re

ad
 o

ve
r 

la
st

 in
vo

ic
e

2-Year
Futures
Cash

020406080100120
−3

−2

−1

0

1

2

3
5-Year

020406080100120
Days to delivery

−3

−2

−1

0

1

2

3

Sp
re

ad
 o

ve
r 

la
st

 in
vo

ic
e

10-Year

020406080100120
Days to delivery

−3

−2

−1

0

1

2

3
Bond

70



Figure 6: Stability of the cheapest-to-deliver, 2010-2020. Each series in this graph is the sample
probability that the Treasury that is the cheapest-to-deliver on that day is the same as the Treasury
that is cheapest-to-deliver at the delivery date.

020406080100120
0.4

0.5

0.6

0.7

0.8

0.9

1.0

Pr
ob

ab
ili

ty

2-Year

020406080100120
0.4

0.5

0.6

0.7

0.8

0.9

1.0
5-Year

020406080100120
Days to delivery

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Pr
ob

ab
ili

ty

10-Year

020406080100120
Days to delivery

0.4

0.5

0.6

0.7

0.8

0.9

1.0
Bond

71



Figure 7: Time series of premia on on-the-run and cheapest-to-deliver Treasuries. Each series
is the pricing error from our spline model for cheapest-to-deliver Treasuries and on-the-run Trea-
suries in a given maturity bin, over time.
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Figure 8: Deviations of Treasury prices from the replicating portfolio. Each series graph shows
the deviation of the futures-implied yield from the yield on a similar maturity bill and the open
interest in that contract. Values above zero imply the replicating portfolio is overvalued relative
to the cheapest-to-deliver. These series use the second-to-deliver contract.
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Figure 9: Treasury bond and note deviations around the LTCM crisis and the Lehman Brothers’
bankruptcy. The top panel shows the deviation of the futures implied yield of the bond futures
as a spread over the bill yield in the period surrounding the LTCM crisis. In gray, we show open
interest in the futures contract, with values on the right axis. The bottom panel shows the devia-
tions of the 2-year note yield from the bill yield around Lehman Brothers’ bankruptcy. Again, in
gray we show open interest in the futures contract, with values on the right axis.
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Figure 10: Absolute value of 5-year note deviations and measures of financial market volatility.
In the top panel, we plot absolute values of the deviation between the 5-year note futures implied
yield and the yield on an equivalent maturity bill as well as the MOVE index, with values in light
blue recorded on the right axis. The bottom panel has the same values for the futures implied
yield, but displays the VIX index in light blue with values on the right axis.

Figure 11: Diagram of a basis trade. Carrying a Treasury security to delivery to the futures market
through the repurchase agreement (repo) market. Arrows denote flow of Treasury security; cash
moves in the opposite direction.
Treasury market: Purchase Treasury

Deliver Treasury to repo lender

t = 0 t = 1 t = 2 ... t = T − 1 t = T

Repo market: Open repo trade Roll over repo Roll over repo Roll over repo Close repo trade

Futures market: Short futures contract

Deliver Treasury to futures
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Figure 12: Margins on futures contracts and the MOVE index. In green, for each contract, we
show the initial margin for the second-to-deliver futures contract, which are recorded on the left
axis. In light blue we show the value of the VIX, which are recorded on the right axis.
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Figure 13: Holdings of Treasuries over time ($ billions). The left panel of this figure shows out-
standing Treasury holdings by category of holder, specifically foreign holdings, Federal Reserve
holdings, and holdings by all other investors. The right panel shows primary dealer net Treasury
exposures broken out by maturity.
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Figure 14: Futures contracts of hedge funds and asset managers. This figure shows total hedge
fund short Treasury futures positions and asset manager long positions in notional dollars across
all Treasury futures contracts.
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Figure 15: Hedge fund Treasury exposures ($ billions). The top panel shows hedge funds’ total
Treasury exposures taken from the SEC’s Private Fund Statistics. The bottom panel is taken from
the OFR’s 2020 Annual Report and shows hedge fund long and short Treasury exposure along
with their notional long and short futures exposure.
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Figure 16: Hedge fund repo borrowing and lending. This figure shows hedge fund repo borrow-
ing and lending as reported in the SEC’s Private Fund Statistics.
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Figure 17: Hedge fund net repo borrowing vs. the cash-futures disconnect. This figure shows
hedge fund aggregate net repo positions against the cash-futures disconnect for the 2-year (above)
and 5-year (below) note contract.
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Figure 18: Hedge fund balance sheet leverage vs. Treasury exposure. This figure shows a binned
scatter of hedge fund gross notional Treasury exposure as a percentage of total gross notional
exposure against hedge fund leverage (defined as gross asset value over net asset value). Data
are pooled from 2013 to 2020. Each point represents a percentile group of Treasury exposure, for
which averages are calculated for both leverage and percentage gross Treasury exposure. The red
line represents a linear fit.
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Figure 19: DVP sponsored reverse repo by participant type ($ billions). Data are aggregate daily
transaction volumes.

Figure 20: Money market fund repo with FICC ($ billions). Aggregate repo volume outstanding.
FICC stands for Fixed Income Clearing Corporation.
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Figure 21: Hedge fund DVP repo in Treasuries by maturity date ($ billions, average daily trans-
action value). Dots are average daily outstanding positions in individual Treasuries; solid lines
are smoothed fitted sums within maturity windows. Above, gray areas are deliverables for De-
cember 2019, below for March 2020. The green dot denotes positions in the cheapest-to-delivery
for the two-year December contract.
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Figure 22: Structure of the basis trade in recent years.
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Figure 23: Short-rate transmission in the model. Short rates for bills are transmitted to note
prices and repo prices, and from there determine futures prices. Arrows denote the structure of
this transmission, from bill prices to futures prices. Transmission is determined by agents who
are indifferent between two assets. Dealers are indifferent on the margin between notes and bills,
while money funds are indifferent between bills and repo lending. Hedge funds are indifferent
between notes, repo, and futures positions.
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Figure 24: Equilibrium in the limits to arbitrage model. This graph displays the equilibrium
determination of futures and cash Treasury prices in the limits to arbitrage model. Equilibrium
occurs where the “arbitrage capacity” line determined by hedge funds’ margin constraints and
repo illiquidity intersects the “risk sharing” line, which determines futures and spot prices given
an allocation of Treasuries to dealers and speculators.
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Figure 25: Comparative statics in the limits to arbitrage model. These graphs display how chang-
ing noise trader demand, increases in margins, and repo market illiquidity affect the equilibrium
of our limits to arbitrage model. Darker lines correspond to higher sales (top panel), higher mar-
gins (middle panel), and greater illiquidity (lower panel).

Greater sales by noise traders

φSW 1
κ H

E1[PN,2]− F1

E1[PN,2]− PN,1/PC,1

ψS,1 = ψD,1

Arbitrage capacity

Risk sharing

Risk sharing′′

Risk sharing′

Increases in margins

φSφS W 1
κ HW 1

κ′ H

E1[PN,2]− F1

E1[PN,2]− PN,1/PC,1

ψS,1 = ψD,1

Arbitrage capacity

Risk sharing

Greater repo illiquidty

φSW 1
κ H

E1[PN,2]− F1

E1[PN,2]− PN,1/PC,1

ψS,1 = ψD,1

Arbitrage capacityArbitrage capacity

Risk sharing

87



Figure 26: Futures implied yields and the GCF repo spread. Each panel in this figure shows the
spread of futures implied yields over equivalent maturity bill yields in blue, and the spread of the
GCF repo rate over the bill rate in green.
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Figure 27: Treasury volatility indexes. CME 10-year Treasury VIX and the MOVE Index are option
implied Treasury volatility indexes.
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Figure 28: Bid-ask spreads for off-the-run Treasuries ($). March illiquidity was concentrated in
off-the-run securities. Spreads are the difference between bid and ask prices for $100 notional in
the fourth-from-most-recent Treasury issuance as of January 2020.
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Figure 29: Foreign official sales and dollar liquidity. This figure shows foreign official Treasury
holdings, swap lines, and investments into the foreign repo pool as reported in the Federal Re-
serve’s Factors Affecting Reserves release. All values are differences from their values as of March
1st, 2020.
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Figure 30: The effect of the foreign repo pool on reserves. In these stylized figures, arrows denote
the flow of different assets. In the top figure, a domestic mutual fund sells a Treasury to a dealer,
receiving cash in return. The cash is invested in a bank deposit, which lends into the repo market,
funds that are used by the dealer to finance their purchase of the Treasury. In the bottom figure,
sales by a foreign official account are invested in the foreign repo pool. No new reserves are made
available to the bank that funds the primary dealer’s repo borrowing, meaning that repo financing
may become more expensive.
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Figure 31: Maintenance margins for Treasury futures ($). Data are for maintenance margins on
$200,000 notional in two-year Treasury futures contracts, and price movements are normalized to
changes in those notional values.
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Figure 32: Futures and cash prices for the two-year June 2020 contract ($). Delivery price is
futures price multiplied by the conversion factor for the cheapest-to-deliver. Prices are for $100
notional.
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Figure 33: DVP repo rates (top panel, percentage point spread over fed funds target midpoint)
and Federal Reserve facility participation (bottom panel, $ billions). In the top panel, we present
DVP repo rates from January to May 2021 across different segments of the market. Repo rates are
average overnight Treasury rates for each market segment. The two black lines represent the
average rate offered by the Federal Reserve’s Overnight Reverse-Repurchase Facility (ON-RRP)
and Repo Facility (RP). In the bottom panel we present volumes in the Federal Reserve’s RP and
ON-RRP facilities in billions of dollars. Gray shaded areas represent days when the average rate
in the RP facility was bid up beyond its minimum rate.

Jan 15 Feb 01 Feb 15 Mar 01 Mar 15 Apr 01 Apr 15 May 01

−0.2

0.0

0.2

0.4

0.6

Sp
re

ad
 o

ve
r 

ta
rg

et
 m

id
po

in
t 0.8

RP facility

ON-RRP facility

 Interdealer
 Sponsored lender
 Sponsored borrower

Jan 15 Feb 01 Feb 15 Mar 01 Mar 15 Apr 01 Apr 15 May 01
Date

0

50

100

150

200

250

300

350

Fa
ci

lit
y 

vo
lu

m
e

RRP Facility
RP Facility

93



Figure 34: Hedge fund Treasury note futures position ($ billions). Data are leveraged fund short
and long positions in dollars of face value.
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Figure 35: Basis trade return, bills rate, and DVP repo rate (percent). DVP Repo rate is the
average overnight rate for sponsored borrowers with Treasury collateral. Implied repo rates are
for July contracts.
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Figure 36: The cash-futures disconnect in March 2020 (percent). Disconnect between bill yields
and futures-implied yields in early 2020 for the second-to-deliver 5-year and 2-year futures con-
tracts.
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Figure 37: Spread on the cheapest-to-deliver Treasury (percentage points). Wider spreads show
deliverable Treasuries were more valuable during March. Spread is the fitted spline yield minus
the yield on the cheapest-to-deliver. Cheapest-to-deliver is for June futures contracts.

Jan 01 Feb 01 Mar 01 Apr 01 May 01 Jun 01 Jul 01

−0.025

0.000

0.025

0.050

0.075

0.100

0.125

0.150

D
el

iv
er

ab
ili

ty
 p

re
m

iu
m

2-year
5-year
10-year
Bond

97



Figure 38: Fitted and actual yields on March 11, 2020. This figure shows fitted and actual yields
of Treasuries on March 11, 2020. The actual values are shown as dots, with blue dots denoting
non-deliverable Treasuries and green dots denoting deliverable Treasuries. The fitted spline yield
curve is the line in blue, and the blue area around it denotes the 95% confidence interval for these
yields. The gray areas denote the bounds of deliverable Treasuries for the 2-year, 5-year, and
10-year contracts deliverable in June of 2020.
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Figure 39: Cumulative Federal Reserve purchases of the cheapest-to-deliver securities ($ bil-
lions).Cumulative purchases of the cheapest-to-deliver (CTD) Treasuries for June delivery.
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Figure 40: Deviations of Treasury prices from the replicating portfolio. Each series graph shows
the deviation of the futures-implied yield from the yield on a similar maturity bill and the open
interest in that contract. Values above zero imply the replicating portfolio is overvalued relative
to the cheapest-to-deliver. These series use the second-to-deliver contract.
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	peak,weestimatethesizeofhedgefundpositionsassociatedwiththebasistradewasbetween$400–$500billion,constitutingmorethan60%oftotalhedgefundTreasuryexposure,morethan70%ofhedgefundrepoborrowing,andmorethan25%ofdealers’repolending.WearguethatthroughthistradehedgefundsserveaswarehousesforTreasuries,storingthemonbehalfofholdersoflongTreasuryfuturespositionsandfundingthemintherepomarket.ThiswarehousingroleestablishesalinkbetweenTreasurymarkets,futuresmarkets,andrepomarkets.Weshowthatvariabilityinhedgefunds’coststowar
	peak,weestimatethesizeofhedgefundpositionsassociatedwiththebasistradewasbetween$400–$500billion,constitutingmorethan60%oftotalhedgefundTreasuryexposure,morethan70%ofhedgefundrepoborrowing,andmorethan25%ofdealers’repolending.WearguethatthroughthistradehedgefundsserveaswarehousesforTreasuries,storingthemonbehalfofholdersoflongTreasuryfuturespositionsandfundingthemintherepomarket.ThiswarehousingroleestablishesalinkbetweenTreasurymarkets,futuresmarkets,andrepomarkets.Weshowthatvariabilityinhedgefunds’coststowar
	basedﬁnance.Beginninginearly2018,thecash-futuresdisconnectbegantowiden.Demandfromtraditionalassetmanagersforoff-balance-sheetdurationexposurepushedfuturesabovetheirno-arbitrageprices.Hedgefundsmetthisdemandbygoinglongthebasis(shortingthefuturesandpurchasingthecashnote).Themagnitudesofthesechangesaresubstantial.Fromtheendof2017throughSeptember2019,totalhedgefundTreasuryexposuregrewfrom$1.06trillionto$2.02trillion,anincreaseof$960billion,whiletotalhedgefundshortfuturespositionsincreasedby$352billion.Overthesa
	dealer’swillingnesstosupplyfundingwithTreasurycollateral,isalsorelatedtothecash-futuresbasis.HigherdealerTreasuryexposureisassociatedwithahigherarbitragespread.Finally,condi-tionalondealerTreasuryexposureandtheVIXvolatilityindex,maintenancemarginonTreasuryfuturesispositivelyassociatedwiththebasisforthe5-year,10-year,andTreasurybondsecurities.Therelationshipisinsigniﬁcantforthe2-yearnote,likelyduetomuchsmallerinitialmarginson2-yearfutures.Theseresultspointtowardfundingcostsandmarginriskasimpedimentstoar-bitr
	3TheseestimatesmatchSchrimpfetal.(2020)andBarthandKahn(2020),whichalsoexaminetheroleofthebasistradeinMarchTreasurysales.
	leadingtounparalleledstressintheworld’smostimportantassetmarket.TheconsequencesoftheshifttowardshedgefundTreasuryholdingsspanacrossmarketsthatareopaquetomanyresearchersandobservers.Ourhedgefunddatacomefromregulatoryﬁl-ingsthroughtheeU.S.SecuritiesandExchangeCommission’s(SEC)FormPF.Thedatacontaininformationonhedgefundactivities,includingsize,assetclassexposures,leverage,borrowing,andmuchmore.RelevanttothisstudyisinformationonhedgefundTreasurypositions,bothlongandshort,aswellasrepoborrowingandbalancesheetleve
	totheliteratureondeviationsfromcovered-interest-parity,suchasDuetal.(2018)andAvdjievetal.(2019).Onedifferenceisthatweshowthatthemajorityofthisarbitrageactivityisconcen-tratedinnon-bankarbitrageurs.Moreimportantly,however,weshowthebasistradepresentsanarbitrageopportunityonlyforaspeciﬁcandnarrowsetofTreasurysecurities.Wearethereforeabletopreciselyidentifyarbitragepositions,examinetheirfundinginrepomarkets,anddiscusstheeffectsofarbitrageontheunderlyingsecuritiesrelativetocomparablesecuritiesforwhichthearbitrag
	DVPrepodataallowsustoexaminehedgefundborrowingcostsspeciﬁcally.Usingadministra-tivedata,wearealsoabletolinkrepoborrowingtotheunderlyingTreasurycollateralborrowedagainst,andthereforepreciselyidentifypositionsrelatedtothebasistrade.Indeed,ourdatashowthathedgefundsaremajorparticipantsintheDVPrepomarketandthatadisproportionateamountoftheiractivityisassociatedwithsecuritiesthatareassociatedwiththebasistrade.Third,relativetothepost-mortemonMarchTreasuryilliquidity,weprovideevidenceonthecontributionofhedgefundbasi
	turesmarketsandhighlightspotentialrisksassociatedwiththetrade.Section4describeshedgefunds’dramaticallyexpandedparticipationinthebasistrade.Section5developsamodeloflim-itedarbitragethatprovideseconomiccontenttotheseempiricalﬁndings,andformalizestheriskstoTreasurymarketfunctioningthatarisefromcash-futuresarbitrage.Section6providesempir-icalevidenceinsupportofthemodel.Section7exploresthedisruptionsinTreasurymarketsinMarchandexaminewhat,ifany,rolethehedgefundbasistradehad.Section8concludes.
	2Thecash-futuresdisconnect
	Thecash-futuresbasistradeenforcesaformofarbitragebetweenthespotpriceandfuturespriceofTreasuries.Whenthesepricesdiverge,hedgefundsandotherarbitrageurscanproﬁtfromthisdifference.Inthissection,wedocumentthecircumstancesunderwhichthespotandfuturespricesdiverge,aswellasdescribetherisksassociatedwithtradingthebasis.Inthevastmajorityofterm-structuremodels,cashandfuturespricesarecloselyrelated.Inparticular,thevalueofabondshouldbeequaltothediscountedvalueofcouponsonthatbondplusthevalueofafuturescontractonthatbond:
	TPt,τ=Bt,scs+Bt,TFt,τ,T,s=t
	(2)wherePt,τisthepriceofagovernmentcouponsecurityattimetthatmaturesattimeτ,Bt,sisthepriceofazero-coupongovernmentsecuritymaturingattimes,csarecouponratesattimesandFt,τ,TistheinvoicepriceforbondfuturesagreedtoattimetanddeliveringattimeT.Crucially,thisequationdoesnotdependonanyassumptionsaboutriskorpreferences,incontrasttotheexpectationshypothesis,whichwouldreplacethefuturespriceofthebondwiththeexpectedfutureprice.4Theonlynecessaryassumptionsforthisequationarethatagentsareabletoborrowandlendfreelyforanymaturi
	4Therelationshipbetweenequation(2)andtheexpectationshypothesisisanalogoustotherelationshipbetweencoveredanduncoveredinterestparity.
	goingshortthefuturescontractandlongtheunderlyingbond.Themodelwepresentinsection5formalizestheeconomicforcesthatmaylimitarbitragebetweencashandfuturesprices.Thereareseveral.First,hedgefundscannotborrowattheTreasurybillrate,butmustinsteadborrowatthereporate,pledgingtheunderlyingbondascollateral.Second,bothasaresultofcounter-partyriskandduetoregulatorycostsontheirlenders,hedgefundstendtoborrowatovernightratesinsteadofsecuringﬁnancingforthefulldurationofthefuturescontract.Thisexposeshedgefundstorolloverriskonth
	2.1Structureofthefuturesmarket
	Thedetailsofthebasistradearearcaneinpartbecauseofthestructureofthefuturesmarket,andthepeculiarnatureofdeliveryintothismarketasoperatedintheUnitedStatesbytheChicagoBoardofTrade.Thisstructureaffectsnotonlythetradersthemselves,butalsohowanempiricalcounterparttoFt,τ,Tinequation(2)mustbeconstructed.Becausethestructureofthismarketisnotwidelydiscussedineconomics,webrieﬂyreviewsomeofthesedetails,thoughwealsorefer
	thereadertomorein-depthtreatmentssuchasBurghardtandBelton(2005).TheCBOToffersTreasuryfuturescontractsatvariousmaturitypoints.Thesecontracts,unlikeotherinterestratefutures,requirephysicaldeliveryofanunderlyingTreasury.NotallTreasuriesareeligiblefordeliveryintoaTreasuryfuturescontract.However,inordertokeepthecontractsuitablyliquid,thesefuturescontractsallowforasetofmaturitiesamongwhichanyTreasuryinthatdeliverablesetcanbeusedtofulﬁllashortposition’sobligationstodeliver.ThesematuritysetsarebasedbothontheTreasur
	Treasuryfuturescontractsarerolledintothenextcontracttodeliver.Thisrolloccursgenerallybeforethelasttwobusinessdaysofthemonthpriortothedeliverymonth,whichisreferredtoastheﬁrstpositionday,andwhichistheﬁrststepintheTreasuryfuturesdeliveryprocess.Inthediscussionbelow,wewillgenerallyfocusonlyonthecontractwiththehighestvolumeforaparticularday,followingtradersinavoidingthecomplicationsofthedeliverymonth.How-ever,theoptiontocarrythesecontractsintodeliveryisstillwhatdrivesarbitragereturns,andultimatelydeterminesthepr
	2.2TreasuryCashandFuturesData
	Toourknowledge,weassemblethemostcomprehensiveresearchdatasetcompiledonreturnstoTreasuriesandfuturestakingintoaccountthefullfeaturesofthedeliveryprocess.Thisallowsustoconstructanempiricalcounterparttoequation(2).TherelationshipinthisequationneedonlyholdfordeliverableTreasuries,andamongthesemayonlyholdforthecheapest-to-deliver,whichistheTreasurymostdesirablefordeliverybytheshortposition.Weestablishthedeliverablesetusingtherulesabove,andverifythissetagainstBloomberg.TherulesforthedeliverablesetforTreasurybondf
	couponsusingzero-couponbillprices,Bt,s.Weusetheexactbillpricepayingoffonthedateofacouponpaymentoronfuturesdeliverywheneverpossible,andotherwiseweinterpolateexistingbills.Becausethesecouponpaymentsareallwithinayear,billpriceswillgenerallycoverthenecessaryperiod,anditisnotnecessarytorelyonmorecomplicatedmethodssuchassplineinterpolation,becausethereisalwaysabilloflongerresidualmaturitythanthedeliverydatetrading.Whennobillistradingofshortermaturitybetweenthetradedateandthedateofthepaymentofthecontract,weassumet
	FCTDt,τ,Tt,τ,˜T=argminτ∈Ω(t,τ,˜T)Pt,τ−Bt,scs
	(3)whereΩ(t,T)includesallTreasuriesinthedeliverysetτ˜futuresdeliveringattimeTthatareavailabletotradersasoftimet.Thisapproximatespracticeamongmanytraders,whotendtoformthecheapest-to-deliverusingthefuturespriceandcashpriceandassumingthatcouponsarereinvestedataconstantrate.However,itisimportanttonotethatthisformulationimplicitlyassumesthatreporatesacrossthedeliverablebasketareapproximatelyequal.Inthecaseofspecialcollateralrepothismaynotbetrue,asthereporateonthecheapest-to-delivermaydifferfromotherreporates.Wed
	Treasurybondfuturescontract,to1982forthe10-yearcontract,to1988forthe5-yearcontract,andto1990forthe2-yearcontract.ThesedatesmatchtheintroductionforthesefuturescontractsontheCBOT.Weshow30-dayrollingaveragefuturesimpliedyieldsandbillyieldsforthefullsampleforthebondcontractinFigure2.Ascanbeseen,weareabletoestablishaclosematchbetweenbillyieldsandfutures,suggestingourmethodologyisfairlyaccurate.However,the5-yearand2-yearwereverythinlytradedfortheﬁrstpartofthesample,andsoforcomparabilitywebeginthesamplewewillusefo
	2.3Convergenceofcashandfuturesprices
	First,weexaminethesimplestformofconvergenceofcashandfuturespricesofTreasuriesasthedeliverydateapproaches.WeconstructaspotpositionequaltothepresentvalueoftheTreasurytobedeliveredintothefuturescontract.Todoso,wesubtractfromthepriceofthecashnotethepresentvalueofcouponpaymentspriortothefuturesdelivery:
	T˜Pt,τ,T=Pt,τ−Bt,scss=t
	Figure3plots˜Pt,τ,Tagainstthefuturespriceforthecheapest-to-deliverTreasury,averagedoverallcontractsfrom1992to2020.Bothconvergetotheirvaluesatthefuturesdeliverydatefrombelow.Notethattheupwarddriftofthefuturespriceisarejectionoftheexpectationshypothesis;becausethefuturespricerepresentsthepriceofthesameassetobtainedinthesametimeperiod(T),theexpectationshypothesiswouldimplythefuturespriceshouldbearandomwalkarounditslastinvoiceprice.Thecheapest-to-deliverpriceisalwaysbelowthefuturespriceinexpectation,butrisesfas
	contract,receivingthefuturesprice.Thisboundsthefuturespricebythenotepricefrombelow.Similarly,alongpositioninthefuturescontractisvirtuallyguaranteedtoreceivethecheapest-to-deliver,whichtheycouldalsopurchasedirectlyinthecashmarket.Thisboundsthefuturespricebythenotepricefromabove.Asaresult,cashandfuturespricesconvergenotonlyinexpectationbutalsowithnearcertainty.Figure4showsthatthevariationinthecash-futuresdisconnectfallstozeroforthecheapest-to-deliveratthedeliverydate.Theequalitybetweenfuturespricesandnotepric
	earlierislesslikelytobeanissueforshortTreasuryfuturespositions.
	2.4Thedeliverabilitypremium
	ThefactthatonlysomeTreasuriesaredeliverableintoafuturescontract,andthatamongthoseTreasuriesthecheapest-to-deliveristhemostdesirableforatraderwhoisshortafuturescontract,createsanaturalmarketfortheseTreasuries.InthepresenceoflimitstoarbitrageamongTrea-suries,apremiummayresultfordeliverableTreasuriesbeyondthepriceofnon-deliverableTrea-suries.Thispremiumcanbethoughtofascomparabletotheon-the-run/off-the-runpremium,andcapturestheliquidityprovidedbythecash-futuresarbitragetotheunderlyingTreasury.Theconstructionoft
	τPt,τ=exp(f(sθ))cs+100exp(f(τθ))s=t−|×−|
	wheref(s|θ)isaquadraticbasissplinewithparametersθ,ﬁttedtominimizetheleast-squareserrorbetweenmodelandactualprices.WeﬁtthesecurvesusingonlycouponTreasuries,exclud-ingTreasurieswithlessthan30daystomaturityandTreasurieswithoptionalitysuchascallablebonds.Forthisapproach,ourfocusisontheclosestﬁttopricespossibleandnotonareliablesetofzero-couponbonds.Asaresult,wedonotemploymethodsthathaverecentlybeenmorepopular,suchasthemethodinNelsonandSiegel(1987)andSvensson(1994),whichprovidesadvantagesinMonteCarlosimulationsfo
	yˆt,τ−yt,τ
	whereyt,τistheactualyieldonthedeliverableTreasury,andytˆ,τistheﬁttedyieldonthede-liverableTreasuryfromoursplineyieldcurve.ApositivevalueofthispremiumthenindicatesthattheTreasuryisovervaluedrelativetothebenchmarkfromourestimation.Wealsocalculatestandarderrorsforthispremiumbasedonthedeltamethodandthestandarderrorfornon-linearleastsquares.Thisstandarderroris:
	ˆˆ1∂PSE(ˆt,τ)=ˆˆD(t,τ)Pt,τ×t,τ∂PVarˆt,τy(θ)ˆˆ∂θ∂θ
	whereˆD(t,τ)isthedurationoftheTreasury,andSEˆ(θ)isderivedusingtheasymptoticpropertiesofnon-linearleastsquaredestimators.InTable2wepresenttheaveragepremiaoncheapest-to-deliverTreasuries.Allpremiaareonaveragelargerthanzero,anddeclineforlongermaturities.Forcomparison,wealsopresentthosepremiaforon-the-runTreasuries.Itiswellknownthaton-the-runTreasuriesrecievealiquid-itypremiumrelativetooff-the-runTreasuries(seeforinstanceKrishnamurthy(2002)andAdrianetal.(2017)),andthetradebetweenon-the-runandoff-the-runTreasuri
	thecheapest-to-deliverislikelytodiluteanyliquiditypremium,andthelongdeliverywindowsforthiscontractmeanthatthecheapest-to-deliverusuallydiffersinmaturityfromtheon-the-runbondbytheorderofadecade.Table3formalizesthislogicbyregressingthepremiaonthecheapest-to-deliveronthepre-miaforon-the-runTreasuries.Theseregressionsareconductedonadailybasis,andwehavewinsorizedatthe0.5%leveltoprotectagainstgeneralerrorsinoursplinemethod,thoughwehaveexperimentedwithdifferentlevelsofwinsorizationandfoundlittlechangeinourresult.I
	2.5TheTreasurycash-futuresdisconnect
	InprevioussectionswedocumentedtheconvergenceofcashandfuturespricesofTreasuriesatthedeliverydate.Equation(2)imposestheadditionalrestrictionthatconvergenceforthecheapest-to-deliveroccursatthesamerateastheTreasurybillrate;thatis,thedifferencebetweenthecashandfuturespricesissolelycompensation(attherisk-freerate)forthetimedifferencebetweentodayandthefuturedeliverydate.Inthissectionweexplorethisarbitrageconditionandshowthatingeneraltherearelargeandpredictabledeviationsfromthefrictionlessbenchmark.Table4describest
	P0,τ=F0,τ,TB0,T
	whichisthezero-couponequivalentofequation(2).Notethatthisexpressionrequiresthatagentsbeabletofreelyshortbills.Infollowingsectionswewilldiscusshowrealisticthisassumptionis,anddiscussthebasistrade,whichusesrepotofundtheTreasurypositioninstead.However,inthemajorityofterm-structuremodelsthistradewouldbepurearbitrage.Becausedifferencesindollarpricescanbedifﬁculttointerpret,weinsteadconvertourpricesintofuturesimpliedyieldsandbillyields.Thefuturesimpliedyieldisdeﬁnedas:
	252FFTtt,τ,T−yt,τ,T=Pt,τ−Bt,scs
	(4)Withthisyieldinhand,theno-arbitrageconditiongivenbyequation(2)canberestatedasthe
	condition:
	252yF1T−tt,τ,T=rt,T≡Bt,T
	(5)orinotherwords,theyieldtodeliveryonaportfoliolongthecashbondandshortthefuturesmustbethesameastheyieldonabillmaturingonthedeliveryday.Figure8showsthattheunderlyingcashTreasurybonddisplayslargeandpersistentdeviationsfromthearbitrageportfolioformedusingfutures.Inparticular,from2015–2020thecash-futuresdisconnectwaslargeandpositive.Table5showsthatthesepricedeviationsarealsohighlysta-tisticallysigniﬁcantduringthisperiod.Forboththesecondandthirdtodelivercontractsandforthe2-year,5-year,and10-yearcontracts,t-stat
	overpricedrelativetounderlyingbonds,witht-statisticsregularlywellabovesigniﬁcance.Theset-statisticsarealsoparticularlylargein2-yearand5-yearfutures,dueprimarilytolowervolatilityinmispricingsatshortermaturities,andaremuchsmallerforbondfutures.Examiningthetime-seriesofthepricedeviationsfromtheno-arbitrageconditionaroundepisodesofﬁnancialstresssuggestsarelationshipbetweenthearbitragespreadandﬁnancialstability.TheclearestevidenceofthisrelationshipmaybeeventsinMarch2020.However,evenpriortotheMarch2020stress,thes
	characterizedbyaﬂighttoliquidityintheformofcashandcash-likesecuritiessuchason-the-runTreasuries,the2008ﬁnancialcrisiswasarguablymoreofaﬂighttosafety.CounterpartyconcernsinboththerepomarketandthefuturesmarketmayhaveledinvestorstogenerallyprefercashTreasurieswherethecounterpartywastheU.S.governmenttofuturesandrepowherethecoun-terpartieswereotherﬁnancialinstitutions.Thegeneraldeclineintheavailabilityofrepoﬁnancingmayalsohavecontributedtotheundervaluationoffutures.Infact,deviationsfromarbitragearehighlycorrelat
	3Limitstoarbitrageandthecash-futuresbasistrade
	IntheprevioussectionweintroducedthedisconnectbetweencashandfuturespricesofTrea-suries,showingthatinrecentyearscashTreasurieshavetradedatadiscounttothepricesimpliedbytheirdiscountedcouponsandfuturesprices.Wepresentedanidealizedmodelofarbitragewhereagentsborrowatthebillrateinordertoarbitragethedifferencebetweenthesetwoprices.Inthissection,weexplorehowarbitrageinthismarkettakesplacewhenagentscannotborrowatthebillrate,andinsteadmustborrowatthereporateandfacemarginrequirementsonshortpositions.Whencash-futuresarb
	causetherateonrepoﬁnancingmaydifferfromtheyieldonaTreasurybill.Thereareseveralrea-sonsthesetworeturnsmaydiffer.Theﬁrstisthatrepoﬁnancinghascounterpartyrisk:whetherthecounterpartyinrepoisabankordealerinthecaseofunclearedbilateralrepooracentralcounterpartywithaclearingfundinthecaseofclearedrepo,theriskoftheseprivatecounter-partiesdefaultingislikelytobesubstantiallyhigherthantheriskofU.S.governmentdefaultonbills.Thesecondisthatrepoﬁnancingusesupthebalancesheetcapacityofentitieslikedealerswhoprovidecashtothebas
	requirementsasalimittoarbitrageisunderscoredbyBrunnermeierandPedersen(2008).Marginrequirementsinfuturesmarketsdiffersomewhatfrommarginsinequitytradingorthetreatmentofhaircutsonrepo.Theﬁrstcomponentoffuturesmarginrequirementsisthevaluethatagentshaveintheiraccounts,whichisthecashinthemarginaccountplusthevalueoftheiropenfu-turespositions.Thesecondcomponentisthemaintenancemargin,whichissetbytheCBOT.Themaintenancemarginmarksthelowerboundonthevalueofthemarginaccount.Wheneverthevalueofanagent’smarginaccountislesst
	Itisimportanttobeclearabouthowmarginrequirementsarelikelytoaffectbasistraders.AtraderlongthebasishasalongpositionintheunderlyingTreasuryinadditiontotheirshortpositioninfuturesmarkets.Intheabsenceofhaircutsonrepo,ifTreasurypricesmovetogetherwithfuturesprices,amargincallonshortfuturescontractswilloccuratthesametimethatthevalueoflongcashTreasuriesincreases.ThisincreaseinthevalueofTreasuriesmeansthatthebasistradercanborrowmoreagainsttheirTreasurycollateral.Itisthereforeambiguoushowmuchofadirectrolemarginrequire
	4HedgefundsandtheTreasurycash-futuresbasistrade
	Inthissection,wedocumentthedramaticriseinthehedgefundactivityassociatedwiththecash-futuresbasisthatbeganinearly2018.Bylate2019,themagnitudeofhedgefundpositionsassociatedwithbasistradeweresubstantial,andconstitutednotonlyasigniﬁcantdevelopmentinTreasurymarketsovertheprevioustwoyears,butalsoabuild-upofvulnerabilitiesthatwouldproveimportantforunderstandingtheMarch2020episodeandthecorrespondingregulatoryresponse.
	AtleasttwoimportantdevelopmentsaffectedTreasurymarketfunctioningbeginningin2018.First,inthewakeoftheTaxCutsandJobsActpassedattheendof2017,Treasuryissuancegrewsigniﬁcantly,asshownintheleftpanelofFigure13.Aroundthistime,theamountofTreasurysecuritiesheldondealerbalancesheetsalsorosesigniﬁcantly,asshownintherightpanelofFigure13.Alsoatthebeginningof2018,restrictionsonbankleverage,speciﬁcallytheSupplementaryLeverageRatio(SLR)andEnhancedSupplementaryLeverageRatio,cameintoeffect.TheSLRandeSLRsetaminimumvalueforther
	funds—fundswithatleast$500millioninnetassets.5FormPFdatashowthatcoincidentwiththeincreaseinhedgefundshortfuturespositions,between2018and2020totalhedgefundTreasuryexposurealsoincreased.ThetoppanelofFigure15showsapronouncedincreaseinTreasuryexposurebeginningin2018.WedeﬁneTreasuryexposureasthesumoflongandshortTreasurypositions,whichintheFormPFdataincludesbothcashholdingsandderivatives.6InDecember2014,totalhedgefundTreasuryexposurewas$851billion.Bytheendof2017,thisexposurewas$1.06trillion,andbySeptember2019hadg
	5FormPFdataareconﬁdential.Theformitselfispubliclyavailableandcanbedownloadedhere:https://www.sec.gov/rules/final/2011/ia-3308-formpf.pdf.FormoredetailonthehistoryandstructureofFormPF,seeFloodetal.(2015)andFloodandMonin(2016).6FormPFinstructsthereportingofderivativesasfollows:“forderivatives(otherthanoptions),‘value’meansgrossnotionalvalue;foroptions,‘value’meansdeltaadjustednotionalvalue;forallotherinvestmentsandforallborrowingswherethereportingfundisthecreditor,‘value’meansmarketvalueor,wherethereisnotarea
	thetrade(unliketheon-the-run/off-the-runtradethatwouldcontainbotharepoandareverserepo,forinstance).Thisimpliesanincreaseinthebasistradeshouldincreaserepoborrowingbutnotaffectrepolending.Figure16showsthatpriorto2018,hedgefundrepoborrowingandlendingwerelargelymatched,andinthesecondhalfof2017andﬁrstquarterof2018,repolendingwasactuallylargerthanrepoborrowing.However,beginningin2018repoborrowingincreasedsharply,from$637billioninDecember2017to$1.19trillioninSeptember2019,whilerepolendingactuallyfellslightlyfrom$6
	andthepricedifferencesbetweenthecashnoteandthefuturescontract,whichmaycomplicatethisestimate.Alternatively,ifweassumethetotalincreaseinhedgefundshortfuturespositionsfromDecember2017toSeptember2019(combiningthe2-year,5-year,and10-yearcontracts)isduetothebasistrade,thiswouldimplyatotalbasistradesizeof$409billion.Thebasistradenotonlyconstitutesmuchofthetotalshortfuturesactivity,butalsoappearsresponsibleformuchoftheaggregateTreasuryexposureandrepoactivityofhedgefundsintheFormPFdata.Basedonthisdeﬁnition,in2019th
	ingpossibleleverageratiosofgreaterthan30to1.Figure18showstherelationshipbetweenhedgefundleverageandthefractionofthehedgefund’snotionalinvestmentportfoliomadeupofTreasurysecurities.7Thereisastrong,positiverelationshipbetweenTreasuryinvestmentsandleverage.FundswithlimitedexposuretoTreasurieshaveaverageleverageratiosnearorbelowtwo,similartotheunconditionalaverageleverage.However,asthefractionofinvestmentsheldasTreasuriesincreases,averageleverageincreasessubstantially,nearing10to1forfundswithmorethan60%oftheirp
	4.1Evidencefromtherepomarket
	Thebasistradelinkshedgefunds’cash-futuresarbitragetotheirborrowingintherepomarket.IntheprecedingsectionweusedaggregateddatatoshowthathedgefundpositionsareconsistentwithasizableTreasurycash-futuresbasistrade.However,thisdataislimitedbothinthedetailsitprovidesonpositionsandthefrequencywithwhichitisupdated.Whilewecandemonstrateactivityassociatedwiththebasistrade,inthesenseofhavinglargerepoborrowingpositionsandmatchedlongcashTreasurypositionsandshortfuturespositions,wecannottellfromthisaggre-gatedatawhetherthes
	7Notionalvaluesarecalculatedasmarketvalues,exceptforequityderivativeswhicharedelta-adjusted,andinter-estratederivatives,whicharereportedas10-yearbondequivalents.
	participateinDVPsolongastheyaresponsoredbyqualiﬁeddirectclearingmembers.Whilethemajorityofhedgefundrepoborrowinglikelyoccursthroughbilateralunclearedtrades,thesponsoredDVPmarketoffersinsightsnotavailableinthebilateralmarket.SponsoredDVPisalsoincreasinglyimportantinitsownright.Atpresent,hedgefundsmakeupthevastma-jorityofsponsoredborrowing(seeFigure19).TheDepositoryTrust&ClearingCorporationﬁrstallowedhedgefundparticipationinsponsoredrepoin2017.Suchparticipationincreaseddramat-icallyaftertheexpansionofsponsors
	Decembercontracthaddiminishedconsiderably,whilepositionshadexpandedfordeliverablesfortheMarchcontract,highlightedingrayinthebottompanel.Thisisconsistentwithhedgefundsmaintainingpositionsinthecheapest-to-deliverforcontractsneartodelivery.
	5Amodeloflimitstoarbitrageandthecash-futuresdisconnect
	Theprevioussectionshavepresentedapictureofthereturnstothecash-futuresbasistrade,thesizeofthistrade,anditsparticipants.WehaveshownthatTreasuryfuturespriceshavebeenpersistentlyovervaluedrelativetocashpricesinrecentyears.Wehavealsoshownlargepartici-pationofhedgefundsinthebasistrade.ThisilluminatesapartofalargerstructureofthebasistradeanditsroleinthestructureofTreasurymarkets,repomarkets,andfuturesmarkets.ThisroleisdisplayedinFigure22,whichgivesastylizeddescriptionofhowthebasistradefunctions,withhedgefundspurch
	creases.Third,basistradersareexposedtomarginconstraintsandrepomarketilliquidity,whichintimesoflargeTreasurysalescanexacerbatepressureondealers.Thispressurecanbedirectlycounteractedthroughassetpurchasesbycentralbanks.
	5.1Environment
	Therearethreeperiods,t=1,2,3.Therearetwoﬁnancialassetsinﬁxedsupply,aquantityofnotesSN,whichmatureattime3andpayoff$1,andbillsSC,eachofwhichlastforoneperiodandpayoffthenextperiod.Thepriceofanotetodaythatpaysoffattime3isPN,t.Thepriceofanotetodaythatwillpay$1nextperiodisPC,t.AsinGreenwoodandVayanos(2014),Treasurynotesaresubjecttostochasticdemandfrompreferred-habitatinvestors,xN,t.Billpricesfollowanexogenousstochasticprocesswhere:
	σlog(PC,t+1)=log(PC,t)−+σt+12
	(6)witht+1∼N(0,1).Thisprocessreﬂectsunderlyinguncertaintyabouttheshortrate.Notethatthisformulationimpliesthat2Et[PC,t+τ]=PC,tandVart(PC,t+τ)=P2C,t(eτσ−1).Inaddition,therearetwoﬁnancialassetsinzeronetsupply:repoandfutures.Futurescon-tractsfortheTreasurynotestruckattimet<2guaranteeapriceofFtforthedeliveryofaTreasurynoteattime2.Thesefuturescomewithanexogenousmarginrequirement,mt—thatistosayafractionmtofcontractvaluemustbedepositedwiththeexchangeclearinghouse.Repomarketsareopenineachperiod,whereagentscanborrowa
	8Billsarenotallowedtobepostedascollateralforrepointhemodel,whichmatchestheirlowusageascollateralinthedata.
	5.2Dealers
	DealersfollowaformsimilartothatinGreenwoodandVayanos(2014).DealersarebornattimetwithaninitialwealthWDt,andliveforoneperiod.TheydividetheirinitialwealthWDtbetweenholdingsofnotesqDN,tandbillsqDC,tinordertosolvethemean-varianceproblem:
	φD2maxqD+E[P]qD−Var(P)qDC,ttN,t+1N,ttN,t+1N,t.qD,qDN,tC,t2
	subjectto
	WDt≥PDDC,tqC,t+PN,tqN,t
	whereφDisapreferenceparameterreﬂectingthedisutilityofrisk.SolvingthemaximizationproblemgivesdealerdemandforTreasurynotes:
	⎡⎤E[P]−PN,tt+1D⎣N,tPqN,t=C,t⎦φDVart(PN,t+1)+
	(providedPN,tqDN,t<WDt).Modelingdealersaslivingforonlyoneperiodkeepstheanalysissimple,bysuppressinganyprecautionarymotivesthatwouldemergeweretheytrulydynamic,whileallowingTreasurypricestorespondtohighdealerdemand.Dealerriskaversionmeansthattheexpectedreturnonnotesmustexceedthereturnonbillsfordealerstohaveapositivedemandforthem.5.3SpeculatorsSpeculatorsalsoliveforoneperiod.AspeculatortakesalongpositioninfuturesinaquantityqSF,tandthendisposesofthepositioninthesubsequentperiod.Likedealers,speculatorsaremean-va
	φS2max(Et[PN,2]FqSF,t−)qSF,t−Vart(PN,2)qSt2F,t.
	(7)
	Thusthelongpositionstakenbyspeculatorsare
	qSEt[PN,2]F,t=−FtφSVart(PN,2)+
	Again,theexpectedreturnonafuturescontractmustbegreaterthanthereturnonabillinorderforaspeculatortoholdapositiveposition.
	5.4Moneymarketfunds
	Moneymarketfundstradeoffbetweeninvestinginrepoandinbills.Thisrestrictionfollowstheactualregulationofmoneymarketfunds,whichrestrictsthemtoinvestinginshort-terminstru-ments.Followingasimilarformtotheliteratureonthatinthepricingofshort-termliquidassets(seeforinstanceKrishnamurthyandVissing-Jorgensen(2012)andNagel(2016)),weassumethataspreadexistsbetweenthepriceofrepoandbillsduetomoneymarketfunds’liquiditydemand:
	PC,1−1=ψR(qHN,0)BRR,1
	(8)Further,weassumethatψR(qHN,0)=ωqHN,0.Thelinearformisforconvenience,asitgreatlysim-pliﬁesthenotationfortheincreasingprice.IngeneralweonlyneedthatψR>0andψR>0forψSfallingwithinasuitablerangeandourresultswillfollow.Notealsothatitisnotcrucialthatmoneymarketfundsmaintainthispremium,onlythatitisincreasingintheamountofbasistradesdonebyhedgefunds.
	5.5Hedgefunds
	Ahedgefundhasaccesstonotes,maturinginperiod3andpaying$1withapricePN,tattimet,whichitbuysinquantityqHN,t.Thesenotesaredeliverableintoafuturescontractattime2,withpriceFt.Forsimplicity,wewillassumethehedgefundchoosestodelivereveryTreasuryitholdsintothisfuturescontract,sothatshortfuturespositionsarebalancedwithlongcashpositions.Weassumethathedgefundscannotshortbills,inwhichcasetheywillnotwanttoholdbillsduetomoneymarketfunds’liquiditydemand.Instead,thehedgefundcanborrowintherepomarketatapriceofBR,t,promisingtore
	Thecashﬂowstothehedgefundattime2are:
	W2=F1qHHN,1−qR,1
	(9)Theﬁrsttermreﬂectsthefuturescontractagreedtoattime0.AllTreasuriespurchasedattime0mustbedeliveredtothelongpositioninthefuturesmarket,andwillreceivethefuturespriceagreedtoattime0.Thesecondtermreﬂectstherepaymentofrepobalancesthehedgefundhasaccumulatedovertime0and1.Theﬁnaltermreﬂectsanyadditionaloroffsettingcontractsagreedtoattime1,whichwillreceivethepriceagreedtoattime1.AsinGrombandVayanos(2002)andBrunnermeierandPedersen(2008)attime1marginrequirementsforfuturesandhaircutsforrepolimittheextenttowhichwealthc
	W1≥(mt+ht)qHN,t
	(10)ThisconstraintreﬂectsthatrepolendersandthelongfuturespositionwillbothrequireaportionofTreasuriesheldasequitybythefundagainstthepossibilityofthefund’sdefault.Inturn,weassume:
	mt+ht=κVart(PN,t)
	Thisencompasses,inasimpleform,thegeneralideathatmarginsaresettoensurethecentralcounterpartyagainsttheriskofanadversepricemovement.
	5.6Marketclearing
	Notesareinpositivesupply,sototalquantitiesoutstandingmustequalquantitiesheldbyagents,includingthepreferred-habitatinvestors:
	SN=qDN,t+qHN,t+xN,t
	(11)
	Futuresareinnetzerosupply,soquantitydemandedmustequalquantitysupplied:
	qF,t=qHN,t
	(12)whereEquation(12)reﬂectsourassumptionthatallhedgefundTreasurynoteholdingsaredeliv-eredintothefuturesmarket.
	5.7Propertiesofequilibrium
	Theequilibriummustbederivedbyworkingbackward.Attime3,notesandbillsbothpayoff$1withcertainty.Therefore,attime2,accordingtothedealers’problem,PC,2=PN,2.Withthisconstraint,allmarketswillcloseattime2.Figure23providesanoverviewofhowpricesaredeterminedinthemodel,withfuturespricespinneddownbytheexpectedbillpriceinthenextperiod,andnoteandrepopricesdeterminedbythebillpriceinthecurrentperiod.Dealersandspeculatorsbothhavemean-variancepreferences.Inequilibrium,allnoteswilleitherbeheldbydealers,ortheirriskwillbebornebys
	φSVart(PN,2)ψD,t+φDVart(PN,t+1)ψS,tSt−Xt=φSφDVart(PN,t+1)Vart(PN,2)
	(13)whereψi,tistherelevantspreadfordealersandspeculators:
	ψS,t≡Et[PN,2]−Ft
	(14)
	ψD,t≡Et[PN,t+1]−PN,t/PC,t
	(15)Thesequantitiesrepresentthemarginalcompensationspeculatorsanddealersrequireforanad-ditionaldollarofTreasurynoteexposure.Equation(13),whichwecallthe“risk-sharingline,”thereforedescribeshowthemarginalcompensationforriskmustshiftasgreatersharesofnotesareallocatedtodealersorspeculators.ThisisthedownwardslopinglineinFigure24.Thedown-wardslopeisinducedbythefactthat,foraﬁxedsupplyofnotes,allocatingagreatershareofthosenotesawayfromdealersandtospeculatorsrequiresahighercompensationforspeculators
	totakeonmorerisk,andalowercompensationtodealersfortheirreducedrisk.Thecash-futuresdisconnectinperiod1isexactlydescribedbythedifferencebetweenthesetwospreads:
	PF1−N,1=ψD,1−ψS,1.PC,1
	(16)Risksharingbetweendealersandspeculatorsisfacilitatedbyhedgefundsandmoneymarketfunds,whichsetthemarginalrateofsubstitutionbetweenψS,tandψD,tinequilibriumbyarbi-tragingbetweencashandfuturesprices.Webeginbydiscussingthebehaviorofpriceswhenhedgefundsarenotconstrainedbymarginandmoneymarketfundshavenoliquiditydemand.Inthiscase,hedgefundsactasperfectwarehousesforthesetrades,andmarginalratesofsubsti-tutionareeffectivelyequalized.Wethenturntoconsiderthecasewherehedgefundsfacemarginconstraintsandrepomarketsaresub
	5.7.1Equilibriumwithoutmarginconstraintsorliquidity
	Intheabsenceofliquiditypreferenceandmarginconstraints,dealersandspeculatorsareabletoperfectlysharerisk.Formoneymarketfundstobeindifferentbetweenbillsandrepo,PC,t=BRR,t.ForhedgefundstobewillingtoholdTreasuriesfordeliveryintothefuturesmarketfromperiod1toperiod2,itmustalsobethecasethat:
	PN,1F1=BRR,1
	Intheabsenceofanyfrictions,arbitragethensetsψS,1=ψD,1,sothatthemarginalcostofTreasuryholdingsisequalizedbetweendealersandspeculators.ThisequilibriumisdescribedgraphicallyinFigure24bywherethedashedline(ψD,1=ψS,1)intersectstherisk-sharingline.Solvingforthisintersectionleadsto:
	φSφDψS,1=ψD,1=Vart(PN,2)(SNXN)φS+φD−
	Thisequationreﬂectsthefactthatassalesbypreferred-habitatinvestorsrise,Treasurypricesmustfallasdealersandspeculatorsareforcedtobeargreaterrisk.Atthisequilibrium,foragiven
	supplyofnotes,riskissharedoptimally,with:
	qDφSN,1=(SNXN)φS+φ−D
	φDqS=(SNXN)N,1φS+φD−
	andwhichreﬂectssharesthatareinverselyproportionaltotheriskaversionsofthespeculatorsanddealers.Thisclosesthefrictionlessmodel,andwenowturntoamodelwithmarginconstraintsandrepoilliquidity.
	5.7.2Marginconstraintsandilliquidity
	Inthepresenceofmarginconstraintsandilliquidity,awedgeappearsinbetweenthefuturespriceandthenoteprice:
	P−N,1F1PC,1≥0
	(17)Thiswedgeduetothearbitragespreadcanbefurtherdecomposed:
	P−N,1P−N,1PN,1PC,1F1=F1+10PC,1BRR,1PC,1BRR,1−≥=θκVar1[PN,2]=ψqHR()N,1
	(18)whereθistheshadowpriceofthemarginconstraintforthehedgefund.Thisdrivesawedgeindealerandspeculatorrisk-sharinginEquation(16):becausehedgefundsnolongerserveasperfectwarehousesforTreasuries,dealerswillendupholdingmoreTreasuriesinequilibrium,andwillhavetobecompensatedmoreforamarginaldollarofholdingsthanspeculatorswouldhavetobecompensated.Thiswedgeultimatelyisafunctionbothofhedgefundmarginsandrepomarketilliquidity.Rearrangingthisequation,wecanderivean“arbitragecapacityline”thatdescribeshowψS,1andψD,1arerelate
	1+ωE1[PN,2]θκVar1[PN,2]φD=ψS,1+1+ωψS,11+ωE1[PN,2]
	(19)Theﬁrsttermreﬂectsrepoilliquidity,whilethesecondtermreﬂectstheshadowpriceofthehedge
	funds’marginconstraint.Aslongasthepriceofthefuturescontractispositive,thisﬁrsttermφisgreaterthan1.ThesecondtermreﬂectsthefactthataboveSWHκN,1,ψS,1isﬁxed,andanyadditionalriskofthebillpricechangingmustbebornbydealers,leadingtofurtherincreasesinψD,1.ThislineisshowninFigure24.Equilibriuminthemodeloccurswherethisarbitragecapacitylineintersectstherisk-sharingline.Notethatintheequilibriumwithfrictions,dealerholdingsarealwayslargerthaninthefrictionlessequilibrium,andthenotepriceisalwayslower.Thisreﬂectsthelimitedab
	5.7.3Comparativestatics
	Whiletheframeworkwehavesetupinthismodelisquitestylized,itdoesallowustoexploresomeoftherisksthebasistradeisexposedto,andhowtheserisksaffecttheTreasurymarket.First,weexaminehowsalesbynoisetradersaffectthemarket.IncreasesinXNinduceaparallelshiftintherisk-sharingline,asintheﬁrstpanelinFigure25.Forsmallshifts,thebasismayincreaseordecreasedependingonthechangeintheliquiditypremium.Forlargershifts,themarginconstraintonhedgefundsbinds,anddealersmustbearalargershareoftheincreaseinTreasuryrisk.Asaresult,thecashpriceof
	TheframeworkcanalsobeusedtoillustratetheeffectsofmarginconstraintsonthebasistradeandbroaderTreasurymarket.HighermarginsshiftthelimitonψS,1in,ashedgefundcapacitytotakeonbasistradesbecomesmorelimited.Forsmallshiftsinmargins,thereisnoeffect,astheconstraintmaynotbebindingbothbeforeandaftertheshift.Forlargershifts,marginsmaybecomebinding.Asaresult,salesmayoccurfrombasistraders,shiftingagreatersupplytodealers.CashpricesforTreasurieswillthenfallandthebasiswillwiden.Thiscorrespondstoasimpleformoftheﬁre-saleeffectsi
	6Empiricalevidenceoflimitstocash-futuresarbitrage
	Inthissectionwetestsomeoftheequilibriumrelationshipspredictedbyourmodel.Thesestatis-ticsillustratehowlimitstoarbitrageaffectthecash-futuresdisconnect.Inparticular,consistent
	withourmodel,weshow1)fundingcostsofarbitrageursarecorrelatedwiththecash-futuresdisconnect,2)measuresofTreasuryvolatilityareassociatedwithlargerdeviationsfromarbitrage,and3)thequantityofTreasuriesondealerbalancesheetsisassociatedwiththecash-futuresdis-connect.Allthreeofthesefactsillustratenotonlythedirectroleoflimitstoarbitrage,butalsothecentralrolethatthebalancesheetcostsofTreasuriesplayinthetrade.Aswewilldiscussinthenextsection,inMarch2020,repomarketssawsimultaneouslyhighfundingcosts,volatility,andasurgeof
	Onesimpleinterpretationoftheseresultsisthatarbitragebetweenfuturespositionsandcashpositionsrequiresthatthecashpositionmustbecarriedtodelivery.Inthesimplestmodelofthisarbitrage,thespreadbetweenthefuturesandcashpositionismadeupentirelyofthecostofcarry.Whilethebillraterepresentsaportionofthiscostofcarry,billsdifferfromTreasurynotesintworelatedrespects.First,billsaregenerallyconsideredtobemoreliquidthanTreasurynotes,leadingtoaliquiditypremiumforbills.Second,theownersofbillstendtobedifferentfromtheownersofnotes:
	butalsotheirsign.Ontheotherhand,marginrequirementsapplyequallytolongandshortTreasuryfuturespositions,makingbothmoreexpensive.Therefore,highmarginsarelikelytopredicthighdeviationsfromarbitrage,butnottheirsign.Indeed,ifweincludemarginsintheregressioninTable9,theyarenotregularlystatisticallysigniﬁcantnordotheyhaveaconsistentsignacrosscontracts.Ontheotherhand,marginrequirementsdoseemtoaffectdeviationsfromarbitrage—thatistheabsolutevalueofthespreadbetweenfutures-impliedyieldsandthebillyield.Table10showstheresult
	thisrepresentsthespeciﬁcfactorsaffectingthecash-futuresbasis.Quarter-endperiodsareafocusbecausetheytendtofeatureapull-backofarbitragecapitalfromforeignbanksconcernedabouttheirquarterlyﬁlingdeadlines.Thefactthatquarter-endsdonotappeartohaveaconsistenteffectonarbitragespreadsacrosscontractshighlightstherolesofthespeciﬁcarbitrageursinvolvedinatradeonthepatternofdeviationsfromarbitrage.IncontrasttoCIPdeviations,weshowthatthearbitrageursinthecash-futuresbasisarelargelyhedgefunds,thatarenotlikelytofacethesequarte
	7Cash-futuresbasistradesandMarchTreasuryilliquidity
	Akeypredictionofthemodelisthatduringtimesofstress,hedgefundbasistradescanamplifystressthatresultsfromsalesofTreasuriesbyotherinvestors.InMarch2020,sellingpressurebyrealmoneyinvestorsintheTreasurymarketbroughtonbytheCOVID-19pandemicledtopres-sureondealers’balancesheets,increasingTreasuryvolatilitywhiledecreasingprices.Inadditiontothedirectmarginrequirementsforhedgefundsthatwerecausedbythesedecreasingprices,theCBOTalsoincreasedmaintenancemarginsonTreasuryfuturesinresponsetorisingvolatility.Dueeithertomarginca
	7.1OnsetofTreasurymarketilliquidity
	InearlyMarch2020,Treasurymarketliquiditydecreased.Asyieldsfell,volatilityspiked,accord-ingtomultipleoption-impliedindexes(seeFigure27).Atthesametime,bid-askspreadsbegantoincrease,concentratedinoff-the-runTreasuries(seeFigure28).Standardspreadsassociatedwithliquidityrisk,suchastheon-the-run/off-the-runspread,alsospiked.Theseindicatorsareconsistentwithageneralﬂighttoliquidity,withinvestorssellingoff-the-runTreasuriesandeitherholdingtheproceedsascashorpurchasingmore-liquidon-the-runTreasuriesthatcouldbemorerea
	9UnlikeotherﬁguresfromTIC,theseﬁgures,whichcomefromtheMajorForeignHoldersofTreasuriesdata,arelikelytoexcludehedgefundsdomiciledabroad.
	ﬁnancingofTreasuriesmoreexpensive.WhilelargeincreasesinreservesprovidedbytheFederalReservemayhavebluntedtheimpactofthepoolontheavailabilityoffunding,onthemargintheforeignrepopoolmaystillhavehadadeleteriousimpactonTreasuryliquiditybymakingrepobalancesmoreexpensive.Asourmodelhighlights,theimmediateeffectofthesesalesbyrealmoneyinvestorsonTrea-surypricesoccurredbecausetheyincreasedtheTreasuryexposureofdealers.Inourmodel,evenwithouthedgefundstoamplifyTreasurymarketstress,asuddenincreaseinTreasurysaleswillcauseTr
	7.2Stressinthebasistrade
	Treasurymarketilliquidityhadanimmediateeffectonbasistrades.Onefeatureourmodelhigh-lightsistheimportanceofmarginsintheampliﬁcationofTreasurymarketstress.Thiswasmir-roredineventsinMarch.ThepricemovementsandvolatilityinducedbyTreasurysalesledtoincreasesinmaintenancemarginsonTreasuryfutures.Figure31examinestheseincreasesinmaintenancemarginsaroundtheMarchstress.TheﬁgureiscreatedfromthepointofviewofatradershorttheTreasuryfuturescontract.Thegrayarearepresentsthesizeofmargins,whilethebluelineisthechangeinpriceofa$2
	LeadingintoMarch,volatilityincreasedinTreasuryprices,matchedbyvolatilityinfuturesprices.JustpriortothebeginningofMarch,pricemovementswerelargeenoughthatmainte-nancemarginswerebreached,meaningthatthesingle-daypricemovementwaslargerthanthemaintenancemarginsetbytheCBOT.Togiveasenseofthesurpriseofthesepricemovements,thegreenareadenotestherangeof95%ofthedailypricemovementsin2019.Thepricemove-mentsthatbreachedthesemarginswerefarlargerthanthosebounds.Asaresult,theCBOTbeganincreasingmargins.OnMarch9,marginswereagai
	andthesponsoredborrowingmarket,whichaswehaveshownislargelyhedgefundborrowingfromdealersandbanks.ThetwoblacklinesshowtheratesontheFederalReserve’srepo(RP)andovernightreverse-repofacilities(ON-RRP),whichsinceSeptember2019theFederalReservehasusedtocontrolratesintherepomarketandtoenactmonetarypolicy.Inthebottompanel,weshowvolumesinthesefacilities.Aswediscuss,volumesinthesefacilitieseffectivelycontrolledratesupuntilMarch.PriortoMarch,thesefacilitiesprovidedtightcontroloverratesintheinter-dealerandspon-soredlendi
	premiaincreased,reachingapeakaroundthepeakofTreasuryilliquidityonthe17th.HedgefundsborrowinginDVPwerethereforeexposedbothtotheincreaseinthecostoffundingfordealersandalsotoincreasesinthespreadschargedoverthatﬁnancingcost.Onthe17thinpar-ticular,manyhedgefundsinDVPfacedextremelyhighratesfortheirrepofunding,thereforemakingitcostliertocarrythebasistradethroughthisperiodofilliquidity.InMarch,thetwoprimaryrisksofthebasistradewererealized.Marginsincreased,ataminimumincreasingthecostsofmaintainingbasispositions,andp
	7.3Theunwindofhedgefundbasistrades
	Margincallsandreporateuncertaintymayhaveforcedanaccelerateddeclineofhedgefundshortfuturespositions(seeFigure34).Inparticular,totalhedgefundshortsinthe2-year,5-year,and10-yearcontractsdeclinedfrom$659billioninfacevalueto$554billionbetweenFebruary18andMarch17,2020,withparticularlylargedeclinesofmorethan$71billioninthe2-yearcontract.10SomeportionofthisdeclineprecededMarch,withshortsdecliningby$21billionbetweenFebruary18andMarch3,whichmayhaverepresentedsomeforesightofthestressthatpotentialspreadofCOVID-19totheU
	10Therearetwowaystoreducefuturesexposure:forcontractsmaturinginMarch,hedgefundsmayhavesimplynotrolledoverintotheJunecontract.ForcontractsmaturingafterMarch,hedgefundswouldhavetotakeonoffsettinglongpositions.
	decreaseinthebasistrade.Combinedwiththetotaldecreaseinshortfuturesof$105billion,thissuggestshedgefundsmayhavesoldupwardsof$100billionincashTreasuriesasadirectresultofshrinkingtheirbasistradepositions.Incombination,Treasuryilliquidityandimperfectrepopass-throughledtoalargedisconnectbetweentheimpliedreporateandTreasurybillyieldsacrosscontracts.TheIRRfollowedthebillrateuntilearlyMarch,butthenquicklydivergedasthetwo-monthTreasuryyieldfellwhiletheIRRrose(seeFigure35).Thisdeparturebeganasthebillraterapidlymovedbe
	7.4Signsofliquidityinthecheapest-to-deliver
	ThelargesizeofthebasisunwinddoesnotinitselfindicatetheeffectofthesetradesonTreasuryliquidity.Rather,thereisevidencethatthebasistradecontinuedtoprovideliquiditythroughMarch.Inparticular,thedeliverabilitypremiumincreaseddramaticallyinthestressperiodofMarch.
	Figure37showsthepremiumoftheJunecheapest-to-deliverforallTreasurycontractsover2020.Thesedeliverablespreadincreasescoincidedwithincreasesinbid-askspreadsacrossTreasuries.TheyreachedtheirpeakduringtheheightofTreasurymarketstress,betweenMarch11andMarch17.ThespreadswerehighestontheTreasuriesmostpopularinthebasistrade,the2-year,5-yearandtoalesserextentthe10-year,andhadgenerallydecreasedbythebeginningofAprilasstressintheTreasurymarketfell.Moreover,thisliquiditypremiawastightlyconcentratedinthecheapest-to-deliverT
	11Itispossiblethatinordertokeepbasistradesopenwhilemeetingmargincalls,hedgefundsmayhavesoldTreasuriesotherthanthecheapest-to-deliver,thuscontributingtothelowerpriceofothersecurities.Itisdifﬁculttorejectthispossibilitywithoutmoredetaileddataonhedgefunds’Treasuryholdings.However,eveninthiscasethewillingnessofhedgefundstosellotherTreasuriestokeeptheirbasistradesopenwouldstillindicateexcessdemandforthetrade.
	market.Whilemanyoftherisksofthistradeseemtohavematerialized,evidenceofspilloversintoTreasuryliquidityandshort-termfundingdisruptionsarelimited.Yet,hadliquiditynotreturnedtotheTreasurymarketwhenitdid,andhadreporatesnotfallen,theconsequencesforrelativevaluehedgefundslikelywouldhavebeenmuchworse.Withthisinmind,weturnnexttotheimportanceoftheFed’sactionstorestorenormalTreasurymarketfunctioning.
	7.5EffectofFederalReserveactions
	TimelyinterventionbytheFederalReservemayhavebeencrucialforlimitingtheextentofhedgefundlossesinthebasistradeandinpreventingbroaderspillovers.FollowingMarch16,returnsonthebasistradebegantomovebackintolinewiththereturnsonTreasurybills,andcameclosertothecostofborrowinginthesponsoredrepomarket.SeveralFedactionsonMarch16and17mayhavecontributedtothiseasingofpressureonhedgefunds.Inparticular,FederalReserveexpansionsofTreasurypurchasesprovidedanadditionalsourceofdemandforoff-the-runTrea-suries,whileexpansionsofthece
	purchasesinAprilmaythenrepresentconcernsoverthelonger-termproﬁtabilityofbasistrades.Withouttheseactions,dealersmaynothavebeenwillingtoholdthecheapest-to-deliversecuritiesinordertoaccommodateagradualwithdrawalfromthebasistrade.Asthesepurchasesmayhavemadedealersmorewillingtoacceptcheapest-to-deliverTrea-suries,theFedalsoloweredthecostsoffundingtheseTreasuryholdingsforhedgefunds.FedactionssucceededinloweringtheDVPreporateacrosssegmentsofthemarket,includinginthesponsoredborrowingsegment.Expansionoftherepofacili
	8Conclusion
	ThestressinTreasurymarketsinMarch2020hasledtoanevaluationofthestructureofTreasurymarketsandtheirexposuretosuddenboutsofilliquidity.RegardlessoftheirdirectimpactduringMarch,theinvolvementofhedgefundsinthebasistradeisakeyfeatureofTreasurymarketsinrecentyears,withhedgefundsinvolvedplayingarolebothasamajorholderofTreasuriesandasamajorsupplierofcollateraltorepomarkets.ThesheerquantityofTreasurysecuritiesinvolved
	makesunderstandingthetradeimportanttoourpictureofTreasurymarkets,especiallyasthetradedrivesasubstantialproportionofholdingsofTreasuriesbyhedgefunds,akeynon-bankactorinTreasurymarkets.Weshowthebasistradebecamepopularinpartasaresultofafundamentaldisconnectbe-tweenthepricesofcashTreasuriesandTreasuryfutures,onethathasgrownlargerinrecentyears.Inafrictionlessmarket,thespreadswedemonstratewouldnotexist.Yetweshowthesespreadsinrealityarebothfairlylargeandrelativelypersistent.Further,weshowthesizeofthesespreadsareas
	broadercontextthatallowedthesetradestobeproﬁtableintheﬁrstplace.Whilethisbroaderresearchprojectisonlyatitsbeginning,ourpaperpointstoimportantlinksamongrepomarkets,Treasurymarkets,andfuturesmarketsspannedbyhedgefunds.
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	Figure40showsalongertime-seriesfortheplotinFigure8.ThelinkbetweencashandfuturesvaluesofTreasurieshaschangedovertime.From1992-2020onaveragefutureshavebeenunder-valuedrelativetotheunderlyingTreasuries.However,inthelastdecade,futureshavebecomeovervalued.
	Table1:DetailsoftermsfordifferentTreasuryfuturescontracts.ThistableprovidesdetailsonthecontracttermsforTreasuryfuturestradedattheChicagoBoardofTrade,includingtheoriginalandresidualmaturityrequiredforcashTreasuriestobedeliverableintothecontractandnotionalamountsforeachcontract.
	Treasuryfutures
	Treasuryfutures
	Treasuryfutures
	Treasuryfutures
	Details of terms for different Treasury futures contracts
	Treasuryfutures
	Treasuryfutures
	Originalmaturity
	Residualmaturity
	Notional

	contractname
	contractname
	restrictions
	restrictionsat
	amount

	TR
	delivery

	2-yearnote
	2-yearnote
	≤5years,3months
	≥1year,9-months
	200,000

	TR
	≤2years

	5-yearnote
	5-yearnote
	≤5years,3months
	≥4years,2months
	100,000

	10-yearnote
	10-yearnote
	≤10years
	≥6years,6months
	100,000

	TR
	≤10years

	10-yearultra
	10-yearultra
	≤10years
	≥9years,5-months
	100,000

	note
	note
	≤10years

	Bond
	Bond
	≥15years
	100,000

	TR
	≤25years

	Ultrabond
	Ultrabond
	≥25years
	100,000






	Table2:Fittedyieldspreadsforcheapest-to-deliverandon-the-runTreasuries.Fortherighttwocolumns,weshowtheaveragepricingerrorfromoursplinemodelaswellasthestandarddeviationforTreasuriesthatarecheapest-to-deliverineachcategory.AveragesaretakenfromthefullsamplebetweenJanuary1,1992andMay1,2020.Forthelefttwocolumns,weshowthesamestatisticsforon-the-runTreasuriesinthatmaturitycategory.
	Sect
	Sect
	Sect
	Sect
	Table
	TR
	Cheapest-to-deliver
	On-the-run

	Maturity
	Maturity
	MeanStd.Dev
	Mean
	Std.Dev

	2-year
	2-year
	1.09
	6.70
	1.17
	5.86

	5-year
	5-year
	0.85
	2.49
	2.09
	4.38

	10-year
	10-year
	0.53
	2.65
	6.08
	6.10

	30-year
	30-year
	0.34
	2.24
	2.28
	2.87






	Table3:Yieldspreadforcheapest-to-deliverregressedontheon-the-runspread.Thisgraphshowsaregressionofthecheapest-to-deliverpremium,obtainedastheresidualfromasplinecurve,againstasimilarpremiumcalculatedfortheon-the-runpremium.Thesepremiaarewin-sorizedatthe0.5%level.RegressionsinthetoppanelusedailydatafromJanuary1,1992toMay1,2020.RegressionsinthebottompanelusedailydatafromJanuary1,2016toMay1,2020.StandarderrorsarecalculatedusingNewey-Westwith22businessdaysoflags.
	1992-2020
	1992-2020
	1992-2020
	1992-2020
	1992-2020
	1992-2020
	1992-2020

	2-Year
	2-Year
	Dependentvariable:Cheapest-to-deliverpremium

	5-Year10-YearBond
	5-Year10-YearBond

	On-the-runpremium
	On-the-runpremium
	0.727∗∗∗
	0.135∗∗∗
	0.187∗∗∗
	−0.127∗

	TR
	(0.097)
	(0.036)
	(0.047)
	(0.021)

	R2
	R2
	0.403
	0.052
	0.175
	0.021

	N
	N
	7,080
	7,080,
	7,080
	6,886

	Note:
	Note:
	∗
	p<0.1;∗∗
	p<0.05;∗∗∗
	p<0.01

	TR
	2016-2020

	TR
	Dependentvariable:Cheapest-to-deliverpremium

	2-Year
	2-Year
	5-Year10-YearBond

	On-the-runpremium
	On-the-runpremium
	1.167∗∗∗
	0.492∗∗∗
	0.115∗∗∗
	0.631∗∗∗

	TR
	(0.134)
	(0.064)
	(0.037)
	(0.219)

	R2
	R2
	0.832
	0.532
	0.044
	0.109

	N
	N
	1,081
	1,081
	1,081
	1,081

	Note:
	Note:
	∗
	p<0.1;∗∗
	p<0.05;∗∗∗
	p<0.01






	Table4:Cashﬂowsfromarbitragestrategywithashortbillsposition.
	Buyτ-maturitynote
	Buyτ-maturitynote
	Buyτ-maturitynote
	Buyτ-maturitynote
	Buyτ-maturitynote
	Buyτ-maturitynote
	Buyτ-maturitynote
	SellFt,τ,Tof
	Shortτfutures
	Netcashﬂow

	TR
	T-maturitybill
	deliveringatT

	Time0TimeTTimeτ
	Time0TimeTTimeτ
	−P0,τ01
	F0,τ,TB0,T−F0,τ,T0
	0F0,τ,T-1
	F0,τ,TB0,T−P0,τ00






	Table5:Differencebetweenfuturesimpliedyieldsandbillyields.Thistabledisplaysthedif-ferencebetweenthecheapest-to-deliverpriceandthereplicatingportfolioofTreasurybillsandfuturesbysample.Inparentheses,t-statisticstestthehypothesisthattheaveragedifferencebe-tweentheseyieldsiszero.
	Sect
	Sect
	Sect
	Sect
	Table
	TR
	1992-1995
	1995-2000
	2000-2005
	2005-2010
	2010-2015
	2015-2020
	1992-2020

	Contract
	Contract
	Roll

	2-Year
	2-Year
	1st
	-0.097
	0.318
	-0.024
	0.193
	0.211
	0.246
	0.138

	TR
	(-2.6)
	(9.87)
	(-0.84)
	(7.19)
	(20.65)
	(18.83)
	(13.01)

	TR
	2nd
	-0.194
	0.111
	-0.612
	-0.51
	0.07
	0.13
	-0.206

	TR
	(-20.76)
	(9.6)
	(-26.07)
	(-36.96)
	(19.84)
	(23.61)
	(-33.16)

	TR
	3rd
	-0.116
	0.255
	-0.398
	-0.305
	0.042
	0.227
	-0.13

	TR
	(-0.68)
	(2.97)
	(-3.78)
	(-22.54)
	(4.5)
	(42.11)
	(-12.14)

	5-Year
	5-Year
	1st
	-0.264
	0.753
	-1.324
	-0.152
	0.122
	0.327
	-0.165

	TR
	(-7.61)
	(14.91)
	(-29.15)
	(-3.34)
	(5.21)
	(14.96)
	(-9.18)

	TR
	2nd
	-0.508
	0.295
	-0.932
	-0.326
	0.072
	0.254
	-0.257

	TR
	(-48.11)
	(19.22)
	(-65.2)
	(-18.09)
	(13.34)
	(44.61)
	(-34.07)

	TR
	3rd
	-0.567
	0.144
	-1.066
	-0.074
	0.212
	0.281
	-0.097

	TR
	(-30.25)
	(8.76)
	(-12.0)
	(-4.85)
	(12.03)
	(29.35)
	(-9.18)

	10-Year
	10-Year
	1st
	-0.536
	0.093
	-0.729
	-0.235
	0.098
	0.209
	-0.239

	TR
	(-11.84)
	(1.82)
	(-19.68)
	(-5.05)
	(2.61)
	(6.6)
	(-13.48)

	TR
	2nd
	-0.721
	-0.084
	-0.845
	-0.631
	-0.095
	0.128
	-0.454

	TR
	(-58.93)
	(-6.65)
	(-54.47)
	(-35.57)
	(-9.04)
	(13.65)
	(-63.48)

	TR
	3rd
	-0.749
	-0.044
	-0.959
	-0.511
	0.207
	0.098
	-0.368

	TR
	(-60.8)
	(-2.7)
	(-25.84)
	(-13.71)
	(11.89)
	(8.53)
	(-31.48)

	Bond
	Bond
	1st
	-0.243
	0.346
	-0.655
	0.209
	0.054
	0.04
	-0.043

	TR
	(-3.69)
	(4.86)
	(-12.79)
	(3.23)
	(0.92)
	(0.73)
	(-1.71)

	TR
	2nd
	-0.425
	0.182
	-0.57
	0.012
	0.004
	0.006
	-0.135

	TR
	(-30.12)
	(15.38)
	(-38.17)
	(0.81)
	(0.35)
	(0.48)
	(-20.98)

	TR
	3rd
	-0.465
	0.039
	-0.555
	-0.15
	0.137
	0.341
	-0.176

	TR
	(-54.16)
	(4.26)
	(-48.62)
	(-4.11)
	(3.32)
	(22.29)
	(-15.61)






	Table6:GARCHestimatesofthecash-futuresarbitragespread.ThistableshowstheresultsofaGARCH(1,1)processestimatedonthearbitragespread:thedifferencebetweenthefuturesimpliedyieldandtheyieldonasimilarmaturitybill.Theregressionusesdailyobservationsforthesecond-to-delivercontractfrom1992toMay2020.Foreachregression,dayswherefuturespricesareunchangedfromthepreviousdayaredropped.Inthetoppanel,weshowourestimatesfortheAR-1processformeans,whileinthebottompanelweshowourGARCHprocessestimatesforvariances.
	GARCH estimates of the cash-futures arbitrage spread
	2-Year
	2-Year
	Dependentvariable:ArbitrageSpread

	5-Year10-Year
	5-Year10-Year
	Bond

	ConstantLaggedarbitragespread
	ConstantLaggedarbitragespread
	0.001∗∗∗(0.002)0.943∗∗∗(0.02)
	Meanmodel−0.011∗∗∗−0.035∗∗∗(0.003)(0.005)0.93∗∗∗0.884∗∗∗(0.013)(0.01)
	−0.03∗∗(0.012)0.527∗∗∗(0.071)

	ConstantAuto-regressivetermMovingaverageterm
	ConstantAuto-regressivetermMovingaverageterm
	0.002∗∗∗(0.001)0.419∗∗∗(0.061)0.581∗∗∗(0.07)
	Variancemodel0.005∗∗∗0.031∗∗∗(0.002)(0.007)0.36∗∗∗0.34∗∗∗(0.078)(0.07)0.631∗∗∗0.434∗∗∗(0.072)(0.075)
	0.006∗∗(0.003)0.182∗∗∗(0.03)0.818∗∗∗(0.033)

	ObservationsR2AdjustedR2
	ObservationsR2AdjustedR2
	6,0610.7740.774
	6,8260.8150.815
	6,8570.6230.622
	6,8730.170.17

	Note:
	Note:
	∗p<0.1;∗∗p<0.05;∗∗∗p<0.01




	Table7:Cashﬂowsfromarbitragestrategywithrepo.
	Buyτ-maturitynote
	Buyτ-maturitynote
	Buyτ-maturitynote
	Borrowagainstnote
	Shortτfutures
	Netcashﬂow

	TR
	inrepomarket
	deliveringatT

	Time0TimeTTimeτ
	Time0TimeTTimeτ
	−P0,τ01
	P0,τ−P0,τ(1+r)T0
	0F0,τ,T-1
	F0,τ,T−P0,τ(1+r)T0



	Table8:Maintenancemarginsandvolatilityindexes.Thistablereportsresultsforaregressionofmarginsonthesecond-to-deliverTreasuryfuturescontractonthevaluesoftheVIXandMOVEindexes.
	IndexMOVE
	Maintenance margins and volatility indexes
	IndexMOVE
	IndexMOVE
	2-Year6.446∗∗∗
	Dependentvariable:MaintenanceMargin5-Year10-Year5.084∗∗∗6.609∗∗∗
	Bond0.680

	TR
	(1.119)
	(0.977)
	(1.167)
	(2.826)

	VIX
	VIX
	20.745∗∗∗
	16.936∗∗∗
	24.895∗∗∗
	28.149∗∗

	Observations3,464R20.540Note:
	Observations3,464R20.540Note:
	(4.947)3,4640.485
	3,2680.435
	(4.015)3,2680.420
	3,6810.332
	(3.358)3,6810.418∗p<0.1
	4,2720.001;∗∗p<0.05
	(12.864)4,2720.076;∗∗∗p<0.01



	Table9:Regressionofarbitragespreadsonthereporate.Thistableshowsresultsofaregres-sionofthespreadbetweenfuturesimpliedyieldsandequivalentmaturitybillyieldsoneitherthespreadoftheGCFrepoindexovertheinterestrateonexcessreservesordealerTreasuryexposures.Fixedeffectsareincludedtoaccountforthedaystodeliverofthefuturescontract.RegressionsusedatafromJanuary1,2010throughMay1,2020.ForthespeciﬁcationsusingtheGCF-IOERspread,regressionsaredaily,whilethespeciﬁcationsusingdealerTreasuryexposureareweekly.Dealerexposureisnetd
	Table9:Regressionofarbitragespreadsonthereporate.Thistableshowsresultsofaregres-sionofthespreadbetweenfuturesimpliedyieldsandequivalentmaturitybillyieldsoneitherthespreadoftheGCFrepoindexovertheinterestrateonexcessreservesordealerTreasuryexposures.Fixedeffectsareincludedtoaccountforthedaystodeliverofthefuturescontract.RegressionsusedatafromJanuary1,2010throughMay1,2020.ForthespeciﬁcationsusingtheGCF-IOERspread,regressionsaredaily,whilethespeciﬁcationsusingdealerTreasuryexposureareweekly.Dealerexposureisnetd
	Regression of arbitrage spreads on the repo rate
	2-YearGCF-IOER0.299∗∗∗
	2-YearGCF-IOER0.299∗∗∗
	Dependentvariable:ArbitrageSpread5-Year10-Year0.355∗∗∗0.524∗∗∗
	Bond0.296∗∗

	TR
	(0.092)
	(0.122)
	(0.196)
	(0.122)

	Dealer
	Dealer
	1.127∗∗∗
	1.737∗∗∗
	2.233∗∗∗
	1.444∗∗∗

	exposureObservations2,154R20.136AdjustedR20.081Note:
	exposureObservations2,154R20.136AdjustedR20.081Note:
	(0.298)4460.3530.158∗p<0.1
	2,0010.1190.071;∗∗p<0.05;
	(0.361)4160.3230.156∗∗∗p<0.01
	2,0140.1410.089
	(0.374)4220.3190.118
	2,5820.0780.031
	(0.332)5350.2450.067



	Table10:Arbitragedeviations,margins,andtheVIX.ThistableshowsresultsofaregressionoftheabsolutevalueofthespreadoffuturesimpliedyieldsoverequivalentmaturitybillyieldsonmaintenancemarginsforthecontractaswellasdealerTreasuryexposure,theVIX,andadummyforquarterends.Fixedeffectsareincludedtocontrolforthedistancetodeliveryofthefuturescontract.RegressionsusedatafromJanuary1,2010throughMay1,2020.Dataareweekly,anddealerexposurearenetexposuresinbillionsofdollars.Dealerexposureisnetdealerexposureinbillionsofdollars.Stand
	Arbitrage deviations, margins, and the VIX
	2-Year
	2-Year
	2-Year
	Dependentvariable:|ArbitrageSpread|

	5-Year10-Year
	5-Year10-Year
	Bond

	Maintenancemargins
	Maintenancemargins
	0.051
	0.450∗∗∗
	0.214∗∗
	0.070∗∗∗

	TR
	(0.075)
	(0.127)
	(0.103)
	(0.024)

	Dealerexposure
	Dealerexposure
	0.897∗∗∗
	1.192∗∗∗
	0.556∗∗∗
	0.733∗∗∗

	TR
	(0.200)
	(0.262)
	(0.211)
	(0.281)

	VIX
	VIX
	0.665∗∗∗
	0.271
	0.640∗∗∗
	1.555∗∗∗

	TR
	(0.155)
	(0.225)
	(0.242)
	(0.396)

	Quarterend
	Quarterend
	−0.030
	0.018
	0.042
	−0.014

	TR
	(0.038)
	(0.051)
	(0.063)
	(0.067)

	ObservationsR2AdjustedR2
	ObservationsR2AdjustedR2
	4460.4230.243
	4160.2920.109
	4220.2470.015
	5350.3650.210

	Note:
	Note:
	∗p<0.1;∗∗p<0.05;∗∗∗p<0.01



	Figure1:Openinterestin5-yearTreasuryfuturescontractbydeliverymonth.Thevolumessuggestthatmostcontractstendtorolltothenextdeliverydatejustpriortothebeginningofthecurrentcontract’sdeliverymonth.
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	Figure2:Time-seriesofthebondfuturesimpliedyieldandbillyield.Longtimeseriesoftheannualizedfuturesimpliedyieldandtheyieldforanequivalentmaturitybill.Usesthesecond-to-deliverfuturescontract.
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	Figure3:ConvergenceofcashandTreasurypricesforthecheapest-to-deliver(means).EachseriesinthisgraphistheaveragedeviationofthefuturesandcashTreasuryfromthelastinvoicepriceofthefuturesonthedeliverydate.Thex-axisdenotesdaystodelivery.Thegraybackgrounddenotesopeninterestinthecontract,reportedontherightaxis.
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	Figure4:ConvergenceofcashandTreasurypricesforthecheapest-to-deliver(variance).EachseriesinthisgraphistheaveragesquareddeviationofthefuturesandcashTreasuryfromthelastinvoicepriceofthefuturesonthedeliverydate.Thex-axisdenotesdaystodelivery.Thegraybackgrounddenotesopeninterestinthecontract,reportedontherightaxis.
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	Figure5:Non-convergenceofcashandfuturespricesforthenon-cheapest-to-deliver(means).EachseriesinthisgraphistheaveragedeviationofthefuturesandcashTreasuryfromthelastinvoicepriceofthefuturesonthedeliverydate.Incontrasttothelastﬁgure,theaverageistakenovertheinvoicepricesandTreasurypricesforallTreasuriesthatarenotthecheapest-to-deliver.Thex-axisdenotesdaystodelivery.
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	Figure6:Stabilityofthecheapest-to-deliver,2010-2020.EachseriesinthisgraphisthesampleprobabilitythattheTreasurythatisthecheapest-to-deliveronthatdayisthesameastheTreasurythatischeapest-to-deliveratthedeliverydate.
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	Figure7:Timeseriesofpremiaonon-the-runandcheapest-to-deliverTreasuries.Eachseriesisthepricingerrorfromoursplinemodelforcheapest-to-deliverTreasuriesandon-the-runTrea-suriesinagivenmaturitybin,overtime.
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	Figure8:DeviationsofTreasurypricesfromthereplicatingportfolio.Eachseriesgraphshowsthedeviationofthefutures-impliedyieldfromtheyieldonasimilarmaturitybillandtheopeninterestinthatcontract.Valuesabovezeroimplythereplicatingportfolioisovervaluedrelativetothecheapest-to-deliver.Theseseriesusethesecond-to-delivercontract.
	Figure
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	−0.5
	0.0
	0.5
	1.0Spread
	2-Year
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	−0.5
	0.0
	0.5
	1.0Spread
	5-Year
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	−0.5
	0.0
	0.5
	1.0Spread
	10-Year
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020Date
	−0.5
	0.0
	0.5
	1.0Spread
	Bond
	10
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	0
	100
	200
	300
	400Open interest
	10
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	10
	0
	100
	200
	300
	400Open interest
	10
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	10
	0
	100
	200
	300
	400Open interest
	10
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	10
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	0
	100
	200
	300
	400Open interest

	Figure9:TreasurybondandnotedeviationsaroundtheLTCMcrisisandtheLehmanBrothers’bankruptcy.ThetoppanelshowsthedeviationofthefuturesimpliedyieldofthebondfuturesasaspreadoverthebillyieldintheperiodsurroundingtheLTCMcrisis.Ingray,weshowopeninterestinthefuturescontract,withvaluesontherightaxis.Thebottompanelshowsthedevia-tionsofthe2-yearnoteyieldfromthebillyieldaroundLehmanBrothers’bankruptcy.Again,ingrayweshowopeninterestinthefuturescontract,withvaluesontherightaxis.
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	Figure10:Absolutevalueof5-yearnotedeviationsandmeasuresofﬁnancialmarketvolatility.Inthetoppanel,weplotabsolutevaluesofthedeviationbetweenthe5-yearnotefuturesimpliedyieldandtheyieldonanequivalentmaturitybillaswellastheMOVEindex,withvaluesinlightbluerecordedontherightaxis.Thebottompanelhasthesamevaluesforthefuturesimpliedyield,butdisplaystheVIXindexinlightbluewithvaluesontherightaxis.
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	Figure11:Diagramofabasistrade.CarryingaTreasurysecuritytodeliverytothefuturesmarketthroughtherepurchaseagreement(repo)market.ArrowsdenoteﬂowofTreasurysecurity;cashmovesintheoppositedirection.
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	Figure12:MarginsonfuturescontractsandtheMOVEindex.Ingreen,foreachcontract,weshowtheinitialmarginforthesecond-to-deliverfuturescontract,whicharerecordedontheleftaxis.InlightblueweshowthevalueoftheVIX,whicharerecordedontherightaxis.
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	Figure13:HoldingsofTreasuriesovertime($billions).Theleftpanelofthisﬁgureshowsout-standingTreasuryholdingsbycategoryofholder,speciﬁcallyforeignholdings,FederalReserveholdings,andholdingsbyallotherinvestors.TherightpanelshowsprimarydealernetTreasuryexposuresbrokenoutbymaturity.
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	Figure14:Futurescontractsofhedgefundsandassetmanagers.ThisﬁgureshowstotalhedgefundshortTreasuryfuturespositionsandassetmanagerlongpositionsinnotionaldollarsacrossallTreasuryfuturescontracts.
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	Figure15:HedgefundTreasuryexposures($billions).Thetoppanelshowshedgefunds’totalTreasuryexposurestakenfromtheSEC’sPrivateFundStatistics.ThebottompanelistakenfromtheOFR’s2020AnnualReportandshowshedgefundlongandshortTreasuryexposurealongwiththeirnotionallongandshortfuturesexposure.
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	Figure16:Hedgefundrepoborrowingandlending.Thisﬁgureshowshedgefundrepoborrow-ingandlendingasreportedintheSEC’sPrivateFundStatistics.
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	Figure17:Hedgefundnetrepoborrowingvs.thecash-futuresdisconnect.Thisﬁgureshowshedgefundaggregatenetrepopositionsagainstthecash-futuresdisconnectforthe2-year(above)and5-year(below)notecontract.
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	Figure18:Hedgefundbalancesheetleveragevs.Treasuryexposure.ThisﬁgureshowsabinnedscatterofhedgefundgrossnotionalTreasuryexposureasapercentageoftotalgrossnotionalexposureagainsthedgefundleverage(deﬁnedasgrossassetvalueovernetassetvalue).Dataarepooledfrom2013to2020.EachpointrepresentsapercentilegroupofTreasuryexposure,forwhichaveragesarecalculatedforbothleverageandpercentagegrossTreasuryexposure.Theredlinerepresentsalinearﬁt.
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	Figure19:DVPsponsoredreverserepobyparticipanttype($billions).Dataareaggregatedailytransactionvolumes.
	Figure
	Figure20:MoneymarketfundrepowithFICC($billions).Aggregaterepovolumeoutstanding.FICCstandsforFixedIncomeClearingCorporation.
	Figure
	Figure21:HedgefundDVPrepoinTreasuriesbymaturitydate($billions,averagedailytrans-actionvalue).DotsareaveragedailyoutstandingpositionsinindividualTreasuries;solidlinesaresmoothedﬁttedsumswithinmaturitywindows.Above,grayareasaredeliverablesforDe-cember2019,belowforMarch2020.Thegreendotdenotespositionsinthecheapest-to-deliveryforthetwo-yearDecembercontract.
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	Figure22:Structureofthebasistradeinrecentyears.
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	Figure23:Short-ratetransmissioninthemodel.Shortratesforbillsaretransmittedtonotepricesandrepoprices,andfromtheredeterminefuturesprices.Arrowsdenotethestructureofthistransmission,frombillpricestofuturesprices.Transmissionisdeterminedbyagentswhoareindifferentbetweentwoassets.Dealersareindifferentonthemarginbetweennotesandbills,whilemoneyfundsareindifferentbetweenbillsandrepolending.Hedgefundsareindifferentbetweennotes,repo,andfuturespositions.
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	Figure24:Equilibriuminthelimitstoarbitragemodel.ThisgraphdisplaystheequilibriumdeterminationoffuturesandcashTreasurypricesinthelimitstoarbitragemodel.Equilibriumoccurswherethe“arbitragecapacity”linedeterminedbyhedgefunds’marginconstraintsandrepoilliquidityintersectsthe“risksharing”line,whichdeterminesfuturesandspotpricesgivenanallocationofTreasuriestodealersandspeculators.
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	Figure25:Comparativestaticsinthelimitstoarbitragemodel.Thesegraphsdisplayhowchang-ingnoisetraderdemand,increasesinmargins,andrepomarketilliquidityaffecttheequilibriumofourlimitstoarbitragemodel.Darkerlinescorrespondtohighersales(toppanel),highermar-gins(middlepanel),andgreaterilliquidity(lowerpanel).
	Figure
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	Figure26:FuturesimpliedyieldsandtheGCFrepospread.Eachpanelinthisﬁgureshowsthespreadoffuturesimpliedyieldsoverequivalentmaturitybillyieldsinblue,andthespreadoftheGCFreporateoverthebillrateingreen.
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	Figure27:Treasuryvolatilityindexes.CME10-yearTreasuryVIXandtheMOVEIndexareoptionimpliedTreasuryvolatilityindexes.
	Figure
	Figure28:Bid-askspreadsforoff-the-runTreasuries($).Marchilliquiditywasconcentratedinoff-the-runsecurities.Spreadsarethedifferencebetweenbidandaskpricesfor$100notionalinthefourth-from-most-recentTreasuryissuanceasofJanuary2020.
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	Figure29:Foreignofﬁcialsalesanddollarliquidity.ThisﬁgureshowsforeignofﬁcialTreasuryholdings,swaplines,andinvestmentsintotheforeignrepopoolasreportedintheFederalRe-serve’sFactorsAffectingReservesrelease.AllvaluesaredifferencesfromtheirvaluesasofMarch1st,2020.
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	Figure30:Theeffectoftheforeignrepopoolonreserves.Inthesestylizedﬁgures,arrowsdenotetheﬂowofdifferentassets.Inthetopﬁgure,adomesticmutualfundsellsaTreasurytoadealer,receivingcashinreturn.Thecashisinvestedinabankdeposit,whichlendsintotherepomarket,fundsthatareusedbythedealertoﬁnancetheirpurchaseoftheTreasury.Inthebottomﬁgure,salesbyaforeignofﬁcialaccountareinvestedintheforeignrepopool.Nonewreservesaremadeavailabletothebankthatfundstheprimarydealer’srepoborrowing,meaningthatrepoﬁnancingmaybecomemoreexpensive.
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	Figure31:MaintenancemarginsforTreasuryfutures($).Dataareformaintenancemarginson$200,000notionalintwo-yearTreasuryfuturescontracts,andpricemovementsarenormalizedtochangesinthosenotionalvalues.
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	Figure32:Futuresandcashpricesforthetwo-yearJune2020contract($).Deliverypriceisfuturespricemultipliedbytheconversionfactorforthecheapest-to-deliver.Pricesarefor$100notional.
	Figure
	Figure33:DVPreporates(toppanel,percentagepointspreadoverfedfundstargetmidpoint)andFederalReservefacilityparticipation(bottompanel,$billions).Inthetoppanel,wepresentDVPreporatesfromJanuarytoMay2021acrossdifferentsegmentsofthemarket.ReporatesareaverageovernightTreasuryratesforeachmarketsegment.ThetwoblacklinesrepresenttheaveragerateofferedbytheFederalReserve’sOvernightReverse-RepurchaseFacility(ON-RRP)andRepoFacility(RP).InthebottompanelwepresentvolumesintheFederalReserve’sRPandON-RRPfacilitiesinbillionsofdol
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	Figure34:HedgefundTreasurynotefuturesposition($billions).Dataareleveragedfundshortandlongpositionsindollarsoffacevalue.
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	Figure35:Basistradereturn,billsrate,andDVPreporate(percent).DVPReporateistheaverageovernightrateforsponsoredborrowerswithTreasurycollateral.ImpliedreporatesareforJulycontracts.
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	Figure36:Thecash-futuresdisconnectinMarch2020(percent).Disconnectbetweenbillyieldsandfutures-impliedyieldsinearly2020forthesecond-to-deliver5-yearand2-yearfuturescon-tracts.
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	Figure37:Spreadonthecheapest-to-deliverTreasury(percentagepoints).WiderspreadsshowdeliverableTreasuriesweremorevaluableduringMarch.Spreadistheﬁttedsplineyieldminustheyieldonthecheapest-to-deliver.Cheapest-to-deliverisforJunefuturescontracts.
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	Figure38:FittedandactualyieldsonMarch11,2020.ThisﬁgureshowsﬁttedandactualyieldsofTreasuriesonMarch11,2020.Theactualvaluesareshownasdots,withbluedotsdenotingnon-deliverableTreasuriesandgreendotsdenotingdeliverableTreasuries.Theﬁttedsplineyieldcurveisthelineinblue,andtheblueareaarounditdenotesthe95%conﬁdenceintervalfortheseyields.ThegrayareasdenotetheboundsofdeliverableTreasuriesforthe2-year,5-year,and10-yearcontractsdeliverableinJuneof2020.
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	Figure39:CumulativeFederalReservepurchasesofthecheapest-to-deliversecurities($bil-lions).Cumulativepurchasesofthecheapest-to-deliver(CTD)TreasuriesforJunedelivery.
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	Figure40:DeviationsofTreasurypricesfromthereplicatingportfolio.Eachseriesgraphshowsthedeviationofthefutures-impliedyieldfromtheyieldonasimilarmaturitybillandtheopeninterestinthatcontract.Valuesabovezeroimplythereplicatingportfolioisovervaluedrelativetothecheapest-to-deliver.Theseseriesusethesecond-to-delivercontract.
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