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Abstract

We examine the economic mechanisms that limited arbitrage between the cash and forward
markets of agency MBS, and whether asset purchases of the Federal Reserve (Fed) alleviated
price dislocations. We find that the cash-forward basis, or the price difference between the cash
and forward markets of agency MBS controlling for differences in fundamentals, widened
significantly by $0.9 per $100 face value during the height of the COVID-19 crisis. The widening
basis was accompanied by a significant increase in selling by customers in the cash market,
indicating a “scramble-for-cash” following the liquidity shock. Dealers provided liquidity by
increasing both their long cash and short forward positions significantly but the basis continued to
widen, implying that balance sheet costs constrained dealers’ inventories. We estimate dealers’
average costs of holding inventory for five weeks as about $0.8. We also find that primary dealers
affiliated with banks subject to Basel 111 liquidity regulations increased their positions more than
others. The basis narrowed by about $0.7 following the Fed’s MBS purchases in the forward
market. We attribute this effect to the faster settlement schedules of the Fed’s purchases,
compared to the market convention, which allowed a faster deployment of capital. Overall, our
results show that the combined liquidity constraints of investors and dealers led to severe price
dislocations, and the Fed, in its role as the “dealer of last resort,” absorbed the liquidity demand
that dealers lacked the capacity to meet.
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1 Introduction

The COVID-19 pandemic caused substantial disruptions in most financial markets in March 2020.
Stock prices fell dramatically, yield spreads of corporate bonds and mortgage-backed securities (MBS)
surged markedly, and even the prices of traditional safe-haven U.S. Treasury bonds plummeted in
the two-week period following mid-March (Duffie (2020); Haddad, Moreira, and Muir (2020); He,
Nagel, and Song (2020); Kargar et al. (2020); O’Hara and Zhou (2020); Schrimpf, Shin, and Sushko
(2020)). In response, the Federal Reserve (Fed) provided liquidity support to a broad range of markets,
quickly conducting substantial outright purchases of Treasury securities and agency MBS and offering
short-term funding to primary dealers.!

In this paper, we provide empirical evidence on the economic channels underlying the asset market
disruptions during the COVID-19 crisis, as well as the effect of the Fed’s interventions as the “dealer
of last resort” (Duffie (2020); Schrimpf, Shin, and Sushko (2020)), focusing on the market for agency
MBS. This market is one of the largest fixed-income markets in the U.S.,? and plays a critical role
in facilitating mortgage borrowing by U.S. households, especially during economic recessions. Even
though potential losses from defaults of the underlying mortgages are guaranteed by Fannie Mae,
Freddie Mac, and Ginnie Mae, the agency MBS market was in severe turmoil during the pandemic
crisis.? To improve market functioning, the Fed committed to increasing its holdings of agency MBS
by at least $200 billion since March 15.4

Our analysis focuses on the price deviation between the cash market and the forward market for
agency MBS, controlling for differences in underlying mortgage characteristics. We argue that changes
in this price deviation during the pandemic crisis arose from a combination of the cash constraints of

MBS traders and the balance sheet costs of MBS dealers. Agency MBS are traded on two parallel

'For an overview of the Fed’s interventions, see https://libertystreeteconomics.newyorkfed.org/2020/
04/the-covid-19-pandemic-and-the-feds-response.html. In addition, see https://www.federalreserve.gov/
newsevents/pressreleases/monetary20200315a.htm on the Fed’s purchases of Treasuries and agency MBS, and
https://www.federalreserve.gov/newsevents/pressreleases/monetary20200317b.htm on the restarting of the Pri-
mary Dealer Credit Facility.

2The outstanding amount of agency MBS is about $8.8 trillion as of December 2019. See https://www.sifma.
org/resources/research/us-mbs-issuance-and-outstanding/ for details on the issuance and outstanding amounts of
agency MBS, provided by the Securities Industry and Financial Markets Association (SIFMA).

3In Appendix A, we document the rise in agency MBS transactions costs during the pandemic.

4On the same day, the Fed cut interest rates, extended the international swap lines, provided regulatory relief
and encouraged banks to use the discount window. On March 23, the Fed included agency commercial mortgage-
backed securities (CMBS) in its asset purchase programs and extended support to corporate bond and some asset-
backed securities markets. For a timeline of the Fed’s actions, see https://som.yale.edu/faculty-research-centers/
centers-initiatives/program-on-financial-stability/covid-19-tracker.
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markets: specified pool (SP), in which individual MBS are traded using specific contracts, and to-
be-announced (TBA), where similar MBS are traded together using standardized forward contracts
(Gao, Schultz, and Song (2017)). Therefore, SP and TBA forward contracts of agency MBS are
analogous to the cash and futures contracts of Treasury securities and equity indices (MacKinlay and
Ramaswamy (1988); Labuszewski and Sturm (2011))., and the SP and TBA price difference is similar
to the cash-futures basis in the Treasury market and the CDS-bond basis in the credit market (Bai
and Collin-Dufresne (2019); Fleckenstein and Longstaff (2020)).

A widening basis indicates market price dislocations. When the SP-TBA basis is negative, for
example, an investor can simultaneously take a long position in the cash SP market and a short position
in the forward TBA market, with the cash position potentially funded through repurchase agreements
(repos). This strategy, known as cash-forward arbitrage in practice (Lai (1987)), is expected to deliver
positive profits after the settlement of the forward contract, similar to the cash-futures arbitrage
strategy (Fleckenstein and Longstaff (2020)). Hence, a persistent widening of the basis implies that
certain frictions are limiting the arbitrage capital needed to eliminate the price dislocation.

In this paper, we document a substantial widening of the basis in agency MBS markets during the
COVID-19 crisis, relate the widening to investors’ cash constraints, provide evidence on the frictions
that prevented dealers from arbitraging the basis away, and analyze the effectiveness of the Fed’s
interventions. Since cash-forward arbitrage in the MBS market has not been examined systematically
in the literature, we also conduct an analysis using a longer, historical period prior to the COVID-
19 crisis. Our study adds to the growing literature on COVID-19 financial market disruptions. A
distinguishing feature of our analysis is that we employ supervisory-level transactions data from the
Trade Reporting and Compliance Engine (TRACE) to calculate both the basis and the positions of
customers and dealers that, in combination, allow us to differentiate between the supply and demand
shocks that triggered the breakdown of arbitrage relations. We also use our dealer data to examine
the cross-section of limits to arbitrage — how frictions that impeded arbitrage varied across individual
dealers.”

To guide our empirical analysis, we develop a simple economic framework based on Grossman

and Miller (1988) and Tuckman and Vila (1992). In particular, following the setup of Grossman and

® Among contemporaneous works on the financial market effects of COVID-19, O’Hara and Zhou (2020) and Kargar
et al. (2020) use the TRACE data set for corporate bonds to examine market liquidity and dealer inventory. We have a
different focus than these papers — that is, price dislocations and limits of arbitrage in the agency MBS market.



Miller (1988), we assume that there are three groups of MBS traders: sellers, dealers, and buyers, and
two trading periods. Sellers are hit by a liquidity shock and need to sell their MBS holdings to raise
cash immediately. However, buyers who can absorb these securities only arrive in period 2, consistent
with the idea of slow-moving capital (Duffie (2010)). Competitive dealers can trade in both periods,
reflecting their role as market makers in practice. They can take the MBS from sellers in period 1 on
their balance sheet and then sell them to buyers in period 2, providing the service of “immediacy”.
Dealers bear a cost in holding the MBS on their balance sheet unless they have unlimited capital.
This cost can arise for various reasons, such as risk management, funding shocks, and post-crisis
regulations like the supplementary leverage ratio (He et al. (2020)). Following Tuckman and Vila
(1992), we assume a cost per unit of time, so that the total cost is proportional to the time between
periods 1 and 2.

In addition to the cash trading, a forward contract can be traded in period 1 among all three groups
of traders, which will only be settled in period 2. In particular, dealers offer to buy from sellers through
the forward contract, which would not take up their balance sheet space. In equilibrium, sellers strictly
prefer selling MBS by cash trading than forward trading in order to raise cash immediately which,
together with dealers’ holding cost of cash positions, leads to a widening of the basis. Dealers take the
MBS sold by customers onto their balance sheet, and simultaneously sell a TBA contract, i.e., they
execute a cash-forward arbitrage. In the model, the Fed’s interventions can narrow the basis because
they effectively move capital faster into the market than market participants.

Guided by this economic framework, we document a comprehensive set of evidence regarding
changes in the cash-forward basis and the positions of customers and dealers, both after the initial
COVID-19 shock and after the subsequent interventions by the Fed. To empirically measure the basis,
we use the price difference between the cash and forward trades — known as payup in practice (Hayre
and Young (2004)) — estimated using the TRACE transaction data. Denote the difference in MBS
fundamentals between the SP and TBA contracts as the “quality differential” Then the payup is
equal to the basis (i.e. the price difference controlling for the quality differential) plus a price premium
due to this quality differential. Hence, to study changes in the basis, we account for potential changes
in the quality differential by controlling for changes in MBS characteristics (we also provide evidence

that changes in the payup during the COVID-19 crisis cannot be accounted for by changes in the



quality differential, as further discussed below).® Accordingly, in the rest of the paper, we refer to a
change in the payup as equivalent to a change of the basis.

First, we document a significant widening of the cash-forward basis during the COVID-19 crisis.
Similar to most studies on the financial market effects of COVID-19 (see discussion below) that
attribute the beginning of market disruptions to the second week of March, we choose March 12 —
the settlement date of the March TBA contract — as the beginning date for these disruptions. This
choice of date also allows us to use data for the April forward-settlement contracts only, whereas if we
had chosen a later date, the data for the March and April contracts would be mixed up.” We show
that, per $100 face value, the average payup is about $1.2 before March 12 (i.e. the pre-pandemic
period). This pre-pandemic average payup mainly reflects the lower prepayment risk of the MBS
sold through SP instead of TBA contracts. However, after March 12 but before March 23 (when the
Fed announced several new initiatives including liquidity facilities), the payup decreased significantly,
equivalently a significant widening of the basis. The widening is about $0.9 in absolute terms, or
almost 80% of the average before March 12.

Second, we examine whether the widening basis during the pandemic crisis is associated with an
increase in customers selling MBS to dealers in the SP market, relative to the pre-pandemic period.
This is consistent with the idea that MBS holders experience liquidity shocks that prompt them to
raise cash immediately by selling MBS, as in our framework. Jointly considering the price and quantity
effects is a standard approach to separate asset supply shocks from demand shocks (Cohen et al. (2007);
Goldberg and Nazawa (2019)). Indeed, we find that after March 12 the share of total customer-to-
dealer selling volume using SP contracts increased significantly, by about 10%. This evidence suggests
that the decrease in payup was not due to a decrease in fundamental differentials between SP and TBA
trades because, in this case, the CTD discount will be lower and more MBS would be sold through
TBA contracts (Fusari et al. (2019)) — the opposite of what we document.

We next study changes in dealers’” SP and TBA positions when the basis widened. Dealers are
natural liquidity providers and potential “arbitrageurs” in the agency MBS market as they are the

most important intermediaries, both in the MBS market and in other fixed-income markets broadly.®

50ne way to single out the difference in MBS fundamentals from the payup is to fit a model of the dependence of the
payup on the quality differential. The fitted model can be used to take out the component of payup due to the quality
differential. We plan to further investigate this approach.

"This is because TBA settlement typically occurs in the middle of the month.

80ther institutional investors including hedge funds and banks can also execute the cash-forward arbitrage strategy,



Indeed, we find that even before March 12, dealers typically maintain long positions in SP and short
positions in TBA contracts, implying that dealers regularly execute the cash-forward arbitrage strat-
egy. Importantly, both their long SP positions and short TBA positions further increased after March
12, by about $1.2 billion and $0.4 billion respectively. Hence, dealers accommodated their customers’
needs to acquire cash immediately by increasing their cash-forward arbitrage positions.’

Dealers’ increased cash-forward arbitrage activities, combined with the widening basis, imply that
balance sheet costs constrained dealers from taking on additional positions. In our economic frame-
work, this cost is defined as the holding cost per unit of time. To quantify dealers’ holdings cost, we
exploit the difference in TBA settlement dates of the Ginnie Mae MBS and the uniform MBS (UMBS)
guaranteed by Fannie Mae and Freddie Mac. In particular, after March 12, the settlement date of the
Ginnie Mae TBA contract was March 23 whereas that of the UMBS TBA contract was much later on
April 15. Hence, dealers who execute the cash-forward arbitrage strategy with Ginnie Mae MBS hold
their cash positions for about three weeks less than those with UMBS. In contrast, before March 12,
the situation is reversed with a difference of about two weeks. Thus, the difference in basis widening
between the UMBS and Ginnie Mae MBS contracts is an estimate of dealers’ cost of holding inventory
for about five weeks. By regressing the payup on a term interacting the UMBS dummy with a dummy
for days after March 12, we estimate that the dealers’ cost of holding inventory for an additional five
weeks is about $0.8 per $100 face value.

Taking advantage of dealers’ identities available in our data, we also study the cross-sectional
differences among dealers. We differentiate between primary dealers and others, and among primary
dealers, between “LCR, dealers” — those affiliated with large bank holding companies subject to
the Liquidity Coverage Ratio (LCR) rule — from those not covered by LCR. Since the LCR requires
covered banks to have sufficient high quality liquid assets (such as reserves and Treasuries) to withstand
a 30-day funding shortage in stressful markets, LCR dealers have a larger cash buffer than non-LCR
dealers. We find that non-primary dealers did not provide liquidity during the pandemic crisis in the
agency MBS market and, among primary dealers, it is mainly LCR dealers who increased their SP

purchases, while non-LCR primary dealers only did so after March 23. This evidence is consistent

but they are categorized as customers in the TRACE data. Thus, our analysis provides a conservative estimate of the
amount of arbitrage capital since we only consider dealers as arbitrageurs. However, whatever the actual amount of
arbitrage capital deployed, it was insufficient to prevent the basis from widening.

9This result is in contrast to the 2013 fixed-income selloff, when dealers reduced their net positions in agency MBS
(Adrian et al. (2013)).



with the notion that funding constraints limited arbitrage by dealers and prevented a greater reversal
of the basis widening (Brunnermeier and Pedersen (2009)).

Finally, we study how the Fed’s purchases of agency MBS, which are executed through TBA
contracts only, affect the cash-forward basis and the positions of customers and dealers. After its
initial announcement on March 15 of agency MBS purchases of at least $200 billion, the Fed announced
on March 23 that it would purchase agency MBS in “amounts needed to support smooth market
functioning and effective transmission of monetary policy.” The Fed’s purchases of agency MBS peaked
shortly after March 23, so we use this date as the cutoff for post-Fed-intervention, similar to other
studies of the Fed’s actions during the pandemic crisis (O’Hara and Zhou (2020)). Under our economic
framework, the Fed can alleviate price dislocations by deploying capital faster than private investors.
Consistent with this idea, we first document that the Fed conducted a large fraction of its TBA
contracts with faster settlement schedules of two to three days, instead of the standard settlement
schedule set by SIFMA of three to seven weeks. The faster settlement meant that dealers could
restore balance sheet space for intermediation activities more quickly. We next show that the Fed’s
fast injection of capital into the market led to a narrowing of the basis, consistent with our framework.
In particular, the payup increased (equivalently, the basis narrowed) by about $0.7 per $100 face value,
partially reverting the $0.9 decrease after March 12. Moreover, we compare the Fed’s purchasing prices
between the TBAs with the accelerated settlement schedule and those with a conventional settlement
from March 19 to 27, and find that the primary dealers are willing to sell an agency MBS TBA with
$100 face for a discount as much as $1.2 to unwind the position quickly. The results suggest the
primary dealers were facing an elevated shadow cost of balance sheet liquidity constraint at the height
of the market turmoil.

How did the Fed’s purchases affect the positions of customers and dealers? We do not find a
significant change in the share of total customer-to-dealer selling amounts in the SP market after
March 23. Intuitively, although the Fed’s direct MBS purchases alleviated the price pressure from
forced selling, it did not alleviate investors’ desire to sell SP for immediate cash. This is further
confirmation that forced selling by investors was driven by the liquidity shocks that they experienced.
In this regard, the Fed’s purchases relaxed the friction from “slow-moving capital,” thereby reducing
fire-sale losses of investors. Furthermore, dealers’ positions do not change significantly after March

23. This suggests that, while the Fed’s actions as the “dealer of last resort” accommodated the extra



liquidity demand that dealers could not satisfy due to insufficient balance sheet capacity, dealers did
not increase their capacity following the Fed’s actions.

In sum, the comprehensive set of evidence presented above not only quantifies the economic magni-
tude of market price dislocations but also sheds light on both the nature of shocks (scramble for cash)
and the frictions (dealers’ holding costs) that led to these dislocations during the COVID-19 crisis.
As cash-forward arbitrage in the MBS market has not previously been examined in the literature, we
further conduct an analysis over a longer sample from May 2011 to December 2018. Although it is
hard to pin down the primitive shocks that triggered a widening of the basis over this longer period,
this exercise provides a historical view of the dynamics of cash-forward arbitrage. Consistent with our
economic framework, we find a significant association between dealers’ SP and TBA positions, with a
dollar of net long SP position accompanied by about a $0.5 net short TBA position. Furthermore, a $1
billion increase in the net long SP and net short TBA positions for an average cohort is associated with
a decrease in the payup of about $0.026 and $0.011 per $100 face value, respectively. The magnitudes
are slightly lower than those during the COVID-19 crisis, about $0.078 and $0.013, respectively. These

results indicate that dealers routinely engage in cash-forward arbitrage when the basis widens.

Related literature. Our paper makes the following contributions to the literature. We are the first
to study the COVID-19 disruptions in the agency MBS market, adding to contemporaneous works on
the Treasury market (Duffie (2020); He et al. (2019); Schrimpf et al. (2020)), corporate bond market
(Aramonte and Avalos (2020); D’Amico et al. (2020); Haddad et al. (2020); Kargar et al. (2020);
Qiu and Nozawa (2020); O’Hara and Zhou (2020)), and mutual funds (Ma, Xiao, and Zeng (2020)),
among others. The MBS market is important because of its unique role in affecting monetary policy
pass-through to mortgage borrowers and the large size of the Fed’s operations (Over $1.1 billions from
January to September 2020). We discover a dislocation in the cash-forward basis between the MBS
SP and TBA markets. Recent studies also find dislocations in the bond-CDS basis in the corporate
bond market (Haddad et al. (2020)) and cash treasury-futures basis in the Treasury market (Schrimpf
et al. (2020)). Nevertheless, compared with the corpoarte bond and the Treasury markets, the unique
market structure of the MBS market, the Fed’s innovative T+3 intervention, and our supervisory
TRACE data enable us to expand understanding of dislocations in asset markets during COVID-19

and the scramble for cash mechanism. First, we jointly study the price dislocation and quantity effects



to separate asset supply shocks from demand shocks. Second, we document changes of customer and
dealer positions in arbitrage strategies, even at the individual-dealer-level, different from most limits
of arbitrage studies focusing on price dislocations. Third, the Fed’s concurrent regular purchases and
unconvential T+3 purchases permit us to compare trades for the same product, on the same day, with
the same counterparty and only differ in settlement dates, providing one of the first cleaned identified
estimates for dealers’ holding costs per unit of time. This sheds important lights on the friction related
to slow-moving capital (Duffie (2010); Mitchell et al. (2007)).

Our paper also contributes to the literature on fixed-income arbitrage strategies, especially those
focusing on the role of dealers, including Duarte et al. (2007), Fleckenstein et al. (2014), Choi et al.
(2018), Bai and Collin-Dufresne (2019), Klingler and Sundaresan (2019), Jermann (2019), Fleckenstein
and Longstaff (2020), and Boyarchenko et al. (2018), among others. We quantify, for the first time, the
cash-forward arbitrage strategy in the agency MBS market. Moreover, we show that dealers’ balance
sheet constraints during the pandemic limit the arbitrage activities. The Fed’s purchase program
relaxed the funding constraints of market makers and helped eliminate the price dislocation. In this
regard, our paper complements studies analyzing post-crisis regulations and the role of dealers as
market makers, including Bao et al. (2018), Bessembinder et al. (2018), Duffie (2018), and Roberts
et al. (2018).

Finally, our paper is broadly related to the literature on limits of arbitrage and intermediary-based
asset pricing (see Gromb and Vayanos (2010) and He and Krishnamurthy (2018) for two surveys).°
It also contributes to the recent studies of MBS pricing, including Gabaix et al. (2007), Chernov
et al. (2017), Boyarchenko et al. (2019), Diep et al. (2017), Carlin et al. (2014), Krishnamurthy and
Vissing-Jorgensen (2011), Fusari et al. (2019), He and Song (2019), and Song and Zhu (2019), and
MBS market liquidity, including Bessembinder et al. (2013), Gao et al. (2017), Gao et al. (2018),
Schultz and Song (2019), Li and Song (2020), and Kim and Huh (2019).

" Theoretical contributions include Shleifer and Vishny (1992), Shleifer and Vishny (1997), Gromb and Vayanos (2002),
Kondor and Vayanos (2019), Brunnermeier and Pedersen (2009), Garleanu and Pedersen (2011), He and Krishnamurthy
(2013), and Andersen et al. (2019), among others. Empirical contributions include Lamont and Thaler (2003), Mitchell
and Pulvino (2001), Mitchell et al. (2002), Franzoni and Giannetti (2017), Mitchell and Pulvino (2012), Du et al. (2018),
Adrian et al. (2014), He et al. (2017), He et al. (2019), and Haddad and Muir (2019), among others.



2 Institutional Background and Economic Framework

In this section, we briefly provide some background on the institutional features of the agency MBS
market and the cash-forward basis in this market. In our empirical analysis, we show that the basis
behaved differently during the pandemic crisis than in normal times, suggesting a breakdown in ar-
bitrage relations. To understand the frictions that limit the cash-forward arbitrage and prevent the
cash-forward basis from being arbitraged away immediately, we present in this section an economic

framework of MBS trading with frictions.

2.1 Agency MBS Market

Most agency MBS are issued as pass-through securities in which interest (subtracting the credit guar-
antee and mortgage service fees) and principal payments on the underlying mortgages are passed
through pro rata to MBS investors. All agency MBS are effectively default-free with credit guarantees
provided by Fannie Mae, Freddie Mac, or Ginnie Mae. They are, however, subject to uncertainty on
the timing of cash flows, known as prepayment risk. There is substantial heterogeneity in prepayment
risk across individual MBS because of the vastly different characteristics of the underlying mortgage
loans and borrowers (Fusari, Li, Liu, and Song, 2019).

Trading of agency MBS occurs via two parallel trading mechanisms: specified pool (SP) in which
individual MBS are traded using specific contracts and to-be-announced (TBA) in which similar MBS
are traded together using standardized contracts. We note three implications of the parallel trading
structure. First, a single price is set for a TBA contract that accepts any MBS satisfying certain
eligibility requirements, e.g., the delivered MBS is guaranteed by Fannie Mae, contains 30-year fixed-
rate mortgages, and pays a coupon of 4%. Consequently, sellers have incentives to deliver the cheapest
eligible MBS, and buyers pay a cheapest-to-deliver (CTD) price. This CTD discount is absent for
SP contracts since they are priced individually. Second, TBA trading is initiated through a forward
contract that settles once in a month, while the SP trading is through a spot contract that usually
settles in a day or two. Hence, a seller of MBS is able to collect cash sooner through SP trading.
Finally, SP trading incurs higher transaction costs than TBA trading, with a difference of about 30-60

basis points on average (Gao et al. (2017)).1!

"The key features of SP and TBA contracts are similar to those of the cash and futures contracts for Treasury
securities (Labuszewski and Sturm, 2011), but with important exceptions. The Treasury spot and SP markets trade



The prices of SPs are typically higher than those of TBA contracts, with the difference known
as pay-up in practice. This is because higher-quality MBS (i.e. those with lower prepayment risk
and hence higher values) tend to be sold as SPs, while CTD MBS are delivered into TBA contracts
(Gao et al., 2017).12 After adjusting for CTD, the price difference should be zero based on the law
of one price, absent frictions that limit arbitrage. If the adjusted price difference — known as cash-
forward basis and analogous to the cash-futures basis of the Treasury bond or equity index — deviates
from zero, it implies a violation of the law of one price and indicates the presence of frictions that
limit arbitrage. While the measured basis may be positive or negative, more severe frictions result
in a widening of the basis in absolute terms. The high SP trading cost relative to TBA trading, as
mentioned above, would likely push up the SP price and hence the cash-forward basis. The reason
is that sellers of these high-quality SPs would patiently search for counter-parties who are willing to
pay appropriately high prices, while sellers of TBA contracts, especially issuers, are willing to accept
a discount to hedge the interest rate risk before the loans are ready to be packaged as MBS (Hayre
and Young, 2004). Consequently, the cash-forward basis consistent with a no-arbitrage relationship
can be slightly positive due to the hedging benefit only TBA contracts can provide. Next, we present
an economic framework where frictions can result in a widening cash-forward basis, and then describe

the market disruptions and the Fed’s actions during the COVID-19 crisis.

2.2 Economic Framework

The economic framework we employ to guide our empirical analysis is based on Grossman and Miller
(1988) and Tuckman and Vila (1992). Figure 1 presents a diagram that illustrates the framework.
Similar to Grossman and Miller (1988), there are three distinct groups of traders: MBS sellers
(customers S), dealers, and MBS buyers (customers B). At time ¢, customers S are hit by a liquidity
shock and need to sell their SP holdings to raise cash immediately (formally, their discount rate is

infinity). Customers B only arrive at time 7" after 7 = T — t units of time. That is, they deploy

specific contracts (i.e. bonds and mortgages, respectively) while Treasury futures and TBA markets share the features
of CTD pricing and forward settling. However, one difference is that cash and futures trading of Treasuries occurs in
separate markets (i.e., OTC markets and the Chicago Mercantile Exchange (CME), respectively) while SP and TBA
trading occurs on parallel OTC markets with common features (e.g. the same dealers intermediate in both markets).
Another difference is that Treasury cash and futures trading incurs similarly low transaction costs of 1-2 bps whereas
MBS cash trading incurs higher transaction costs, as previously stated.

12As shown in Fusari et al. (2019), the trade-off of CTD discount vs trading cost leads high-value (low-value) MBS to
be sold in the SP (TBA) market.
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Figure 1: Diagram of the Economic Framework

Summary: Dealers hold SP from t to T, and short TBA to be settled on T

Notes: This figure presents a diagram of the model.

capital slowly to the market. Competitive dealers arrive at time ¢, potentially take the SP contracts
sold by customers S on their balance sheets (SP(t)), and then sell the SP to customers B at time T'
(SP(T)). Hence, dealers provide the service of “immediacy”. Dealers will bear a cost in holding the SP
on their balance sheets unless they have unlimited capital. This cost can arise for various reasons. For
example, post-crisis regulations like the supplementary leverage ratio (SLR) impose a balance sheet
cost on dealers regardless of the level of asset risk (Duffie (2018)). Furthermore, the costs vary over
time. Following Tuckman and Vila (1992), we assume an average cost y(gq) of holding ¢ units of MBS
per unit of time, so that the marginal cost of holding the MBS over 7 periods is v(q)e”.

In addition to the cash positions from trading SP, a forward TBA contract that will be settled at
time T can be traded at time ¢ (TTBA(t)) among all three groups of traders. In particular, customers
B, who can only deploy their capital at the settlement date T, offer to purchase TBA from both dealers

and customers S through the forward TBA contract. Dealers can also offer to purchase MBS from
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customers S through TBA contracts, which would not take up their balance sheet space until time T.

We now discuss the equilibrium prices and investment strategies of customers and dealers, which
we use to formulate hypotheses to guide our empirical tests. As discussed, the TBA contract TBA(t)
is not subject to the balance sheet cost incurred from holding SP(t), so the price difference between

SP(t) and TBA(t), or the basis, is:

basis(t) = SP(t) — TBA(t) = —y(q)e". (1)

In other words, the basis is equal to the total balance sheet cost —y(q)e” of dealers for holding ¢ units

of MBS for 7 units of time. Hence, we have the following hypothesis:

Conjecture 1. When the MBS holders experience a liquidity shock (i.e. q is higher), the basis widens

(i.e. becomes more negative).

Furthermore, customers S who experience the liquidity shocks cannot wait until T' to acquire cash.
Even though selling through SP(t) would raise an amount of cash by v(q)e” less than through TBA(t),

they still choose to do so. This is our second hypothesis.

Conjecture 2. The change in amounts sold by customers through SPs is negatively associated with

the change in the basis.

Turning to dealers, they take the SP contracts sold by customers onto their balance sheets, and
simultaneously sell a TBA contract — i.e., they execute a cash-forward arbitrage. The longer they have
to hold the MBS on their balance sheets (i.e. the larger the value of 7), the greater is their balance

sheet costs and the wider is the basis, as shown in (1). This leads to our third hypothesis.

Conjecture 3. When MBS customers experience a liquidity shock, dealers’ long cash (SP) positions
and their short forward (TBA) positions both increase. Furthermore, the basis is wider for TBA

contracts that take longer to settle.

We finally consider customers B. When their capital is deployed faster, i.e., 7 becomes smaller, the
basis (—y(q)e™) becomes narrower. We view customers B as investors with deep pockets who have the

capacity to deploy capital quickly and in large amounts, such as Warren Buffet or, in the context of
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the pandemic crisis, the Federal Reserve.'® We then state our fourth hypothesis:

Conjecture 4. After the Federal Reserve’s outright purchases of MBS, the basis narrows.

2.3 Market Disruptions and the Fed’s Actions During the COVID-19 Crisis

The COVID-19 pandemic led to substantial financial market disruptions in March 2020. In the U.S.,
equity prices plunged, long-term Treasury yields surged, and yields of agency MBS spiked. Dealers
were reported to have run out of balance sheet capacity (Duffie, 2020).

In response to the crisis, various authorities took a number of policy actions. Table 1 provides a
list of major events and policy actions from January to April 2020. Among these events, the most
significant Fed policy actions were asset purchases and reductions in the target range of the fed funds
rate. The Fed’s initial responses to the economic disruptions from COVID-19 was a 50 bps cut in
the fed fund target rate on March 3, followed by another 100 bps cut on March 15, along with a
commitment to purchase up to $500 billion of Treasury securities and $200 billion of agency MBS.
On March 23, in response to rapidly deteriorating market conditions, the Fed eliminated the upper
limits on purchases of Treasury securities and agency MBS and established a plethora of credit and
liquidity facilities. Moreover, the Fed purchased MBS using an unconventional settlement time that
was shorter than market conventions. Although this paper mainly focuses on the Fed’s asset purchases
in the MBS market, it is likely that all of the Fed’s interventions had some effect on MBS investors,

dealers, and markets.

3 Data

Our main data source is the supervisory version of the TRACE dataset of agency MBS transactions
that the Financial Industry Regulatory Authority (FINRA) started to collect from May 2011. Each
trade record contains the following fields: trade type, agency, loan term, security coupon rate, price, par
value, trade date, and settlement month, among others. Both inter-dealer trades and trades between

dealers and customers are included. Importantly, dealer identifiers are included for each trade, which

130n Aug 25, 2011, Berkshire Hathaway invested $5 billion in Bank of America through preferred stocks and
warrants in a private offering (See http://investor.bankofamerica.com/news-releases/news-release-details/
berkshire-hathaway-invest-5-billion-bank-america). Berkshire Hathaway’s investment helped the then-ailing mega
lender raise capital to bolster its balance sheet.
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Table 1: Major Events During COVID-19 Pandemic

Date Events

1/21 First U.S. case of COVID-19 announced.

1/30 The WHO declares a “public health emergency of international concern.”

2/29 First confirmed U.S. death from COVID-19.

3/3  Federal funds rate target range lowered by 50 bps in an unscheduled FOMC meeting.

3/9 The market-wide circuit breaker triggered in equity markets for the first time since 1997.

3/12 The market-wide circuit breaker triggered in equity markets for the second time. NY Fed announces an
additional $1.5 trillion of term repo operations.

3/15 Fed commits to purchase large amounts of Treasuries (up to $500 billion) and MBS (up $200 billion) and
announces a further 100 bps cut in the federal funds rate target range.

3/16 The market-wide circuit breaker triggered in equity markets for the third time.

3/17 Fed establishes the Commercial Paper Funding Facility (CPFF) and the Primary Dealer Credit Facility
(PDCF).

3/18 The market-wide circuit breaker triggered in equity markets for the fourth time. Fed establishes the
Money Market Liquidity Facility (MMLF).

3/20 The Fed conducts, for the first time, $32 billion of MBS purchases with an unusually short settlement
period (T+2).

3/23 The Fed announces Treasury and MBS purchases “in the amounts needed”, and announces the
establishment of the Primary Market Corporate Credit Facility (PMCCF), the Secondary Market
Corporate Credit Facility (SMCCF), and the Term Asset-Backed Securities Loan Facility (TALF).

3/27 The Corona-virus Aid, Relief, and Economic Security (CARES) Act is signed into law.

3/31 The Fed announces the establishment of a temporary repurchase agreement facility for foreign and
international monetary authorities (FIMA Repo Facility)

4/6  Fed announces the Paycheck Protection Program Lending Facility (PPPLF).

4/24 The Paycheck Protection Program and the Health Care Enhancement Act are signed into law.

4/28 More than 1 million cases of COVID-19 are confirmed in the U.S.

4/29 Real gross domestic product (GDP) decreased by 4.8 percent in the first quarter of 2020. Federal funds
rate kept unchanged at its current target range of 0 to % percent.

4/30 Fed establishes the Main Street Lending Program.

Source: Federal Reserve Bank at St. Louis.
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allow us to conduct dealer-level analyses, e.g. differentiating between the dealers affiliated with bank
holding companies (BHCs) and the non-BHC-affiliated dealers.

We first apply an standard algorithm to correct trade revisions, cancels, reversals, and duplicated
reports (Gao et al., 2017). We assign a trade to the dealer who executed this trade rather than the
reporting dealer for give-up trades and locked-in trades. We also merge different reporting identities
to the same underlying dealer who has multiple reporting identities in TRACE for historical reasons.
For TBA trades, we keep the regular good delivery outright transactions of 30-year MBS issued
by Fannie Mae, Freddie Mac, and Ginnie Mae with standard coupons of 2.5% to 6%.'* We keep SP
trades of standard TBA-eligible, excluding Mega securities, stripped MBS, and collateralized mortgage
obligations. We drop some outliers such as transactions with very low prices (less than 80 cents per
dollar face value) or with very small trading size (less than 1,000 dollars face value). Then, for each
MBS cohort, we obtain information about the underlying mortgage loans from eMBS.!5

We conduct analyses at the daily frequency of the COVID-19 crisis sample, extending from Febru-
ary 12 to April 27, 2020. This sample includes two settlement months of TBA contracts, which usually
settle once in a month based on the schedule set by the Securities Industry and Financial Markets
Association (SIFMA).'6 To avoid the impact of different settlement months on TBA prices, we only
take the TBA transactions that settle on the next closest settlement date.

We also provide analysis at the daily frequency of a longer historical period from May 2011 to
December 2018. It is worth mentioning that there was a reform of the market in June 2019, when
the so-called Single Security Initiative by the Federal Housing Finance Agency (FHFA) was formally
implemented. From then on, Fannie Mae and Freddie Mac issued MBS using a standardized and
uniform design (UMBS). Accordingly, only UMBS TBA contracts are traded for new issuance, for
which both Fannie Mae and Freddie Mac MBS were eligible for delivery starting from March 4, 2019.
Therefore, our COVID-19 sample only has UMBS TBA contracts, while the historical sample has
Fannie Mae and Freddie Mac TBA contracts that were traded separately until March 2019.

To empirically measure the basis, we use the price difference between cash and forward trades,

known as payup in practice (Hayre and Young (2004)). In particular, we define Payup;; as the

4Hence, the trades of stipulated TBA contracts and dollar rolls, as well as those not qualified for good delivery and
with non-standard coupon rates, are excluded.

'5The eMBS provides detailed mortgage loan and MBS data and analytics (see www.eMBS. com).

YDetails of the TBA settlement schedule are available at https://www.sifma.org/resources/general/
mbs-notification-and-settlement-dates/.

15


www.eMBS.com
https://www.sifma.org/resources/general/mbs-notification-and-settlement-dates/
https://www.sifma.org/resources/general/mbs-notification-and-settlement-dates/

difference between the volume-weighted averages of the SP price SP;; and the TBA price TBA;; for
each cohort ¢ and all trades on date ¢, so Payup;; = SP;;—TBA;;. The payup is equal to the basis, as
defined in (1), plus the price premium due to the quality differential between SP and TBA contracts.
In our empirical analysis, we control for changes in MBS characteristics to tease out the effect related
to potential changes in the quality differential. Accordingly, we shall interpret a decrease in the payup
as a widening of the basis in the rest of the paper.

Furthermore, we measure customers’ daily selling amounts as the gross volume of MBS that cus-
tomers sell to dealers for each cohort ¢ and date ¢, and for SP and TBA contracts separately. We
also measure dealers’ net positions for cohort ¢ and date ¢ as the total purchase amount minus selling
amount, aggregated across all dealers and all trades within the day ¢, and for SP and TBA contracts
separately. To keep a balanced sample, for each date ¢ and cohort i, we only keep the observations
from dealers that have non-missing observations of both SP and TBA net positions.

Table 2 presents summary statistics of the daily series of payup, customers’ gross sale positions,
and dealers’ net positions for the COVID-19 sample. Overall, there are about 50 daily observations
in most cohorts and the coupon rate ranges from 2.5% to 5%. The cohorts of 5.5% and 6% coupon
rates have fewer observations because their issuance started only recently. From Panel A, we observe
that both average TBA and SP prices increase with coupon rate, as is expected, from about $102 to
about $114. Payup also increases with the coupon rate, from —$0.084 to $3.064, largely reflecting the
larger quality differential between MBS traded in SP and TBA markets for higher coupon cohorts,
consistent with Fusari et al. (2019).

From Panel B, the daily total customer-to-dealer selling amount is over $1 billion for coupons of
3%, 3.5%, and 4% that are in active productions, but as low as $0.1 billion or lower for higher-coupons
with little issuance activity. The share of customer-to-dealer selling amount through SP contracts
rises monotonically with the coupon rate because of the greater quality differential of MBS traded in
SP and TBA markets at higher coupons (Fusari et al. (2019)). Moreover, on average, dealers are net
SP buyers across all coupons. They are net TBA sellers in the actively traded coupons (from 2.5% to
4.5%), but are slightly long in TBA contracts with high coupouns.

To control for characteristics of the mortgages underlying an MBS, we obtain the weighted average
original FICO score (WAOCS), the weighted average original loan-to-value ratio (WAOLTV), remain-

ing principal balance, and percentage of loans that are originated for refinance purposes from eMBS.
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Table 2: Summary Statistics

A: Price and Basis

Coupon N TBA Price SP Price Payup
Mean Std Mean Std Mean Std t-stat
25% 52 102.635 1.450 102.551 1.448 -0.084 0.319 -1.881
3% 52 103.782 1.438 104.087 1.436 0.305 0.394 5.528
3.5% 52 104.485 1.219 105.134 1.253 0.649 0.567 8.174
4% 52 105.588 1.040 106.774 1.449 1.186 0.808 10.482
45% 51  106.744 0.960 108.005 1.488 1.261 1.134 7.941
5% 51  107.788 0.844 110.227 1.991 2.439 1.663 10.474
55% 32 109.139 0.531 111.954 2.518 2.815 2.409 8.345
6% 8 110.972 0.936 114.036 3.624 3.064 3.704 5.907
B: Daily Changes of Customers’ and Dealers’ Positions
Coupon N Customer-to-Dealer Selling Amount Dealer’s Position ($ bil.)
Total Amount ($ bil.) SP Share TBA
Mean Std Mean Std Mean Std Mean Std
25% 52 0.4254 0.5313 10.50%  14.63%  0.1521 0.4756  -3.9252  3.0496
3% 52 1.3602 1.4727 20.92%  18.72%  0.6744 1.4997  -2.1553  3.1901
3.5% 52 1.1825 1.1824 31.33%  21.20%  0.7130 0.9738  -0.7278 1.2690
4% 52 1.4450 2.0585 39.48%  25.98% 1.0156 1.7743  -0.4670 1.7188
4.50% 51  0.3935 0.3923 43.16%  26.49%  0.2674 0.4204  -0.0494  0.6831
5% 51  0.1371 0.3811 45.24%  37.04%  0.0991 0.3815 0.0397 0.1749
55% 31 0.0643 0.2072 64.03%  36.53%  0.0532 0.2044 0.0017 0.0360
6% 8  0.0098 0.0189 69.90%  40.42%  0.0051 0.0238  -0.0003  0.0049

Notes: Panel A shows the time-series averages and standard deviations of the daily SP and TBA prices by
30-year UMBS cohorts with standard coupon in the range of [2.5%,6%], from February 12 to April 27, 2020.
The daily TBA(SP) prices are the value-weighted daily average of the TBA(SP) transactions. Panel A also
shows the time-series averages, standard deviations, and ¢-statistics of the payup as the daily difference between
the SP price and the TBA price. Panel B shows the time-series averages of dealers’ daily transactions and
positions of 30-year UMBS cohorts with standard coupon in the range of [2.5%, 6%] during the same period as
in Panel A. “Customer-to-dealer SP Vol” is the daily volume of MBS that customers sell to dealers by cohort,
whereas the “SP Share of Customer-to-dealer Vol” is the percentage of SP transactions among all the MBS
transactions (SP and TBA) by cohort. “Dealer’s Position” refers to the daily net position, in TBA or in SP, of

all MBS dealers.
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These characteristics are calculated for each mortgage using values at issuance and then weighted by
the remaining loan balance. For example, the FICO score used to compute WAOCS is the original
value at issuance rather than the value at the time of calculation, while the loan balance used as
the weight is the remaining loan balance that is available to investors as of the release date of the
disclosure files in each month. This leads to time series variation in WAOCS for each MBS. For each
coupon cohort in each month, we eliminate MBS that have at least one of the following characteris-
tics: the refinance share is greater than 75%, the remaining principal balance is less than $150,000,
the WAOLTYV is above 85%, and the WAOCS is below 680. MBS with these characteristics inhibit
efficient prepayments, command a price premium, and are not delivered into TBAs (Himmelberg et al.
(2013) and Song and Zhu (2019)).

Finally, we obtain the records of the Fed’s purchases of TBA contracts during the COVID-19
crisis, as reported by the Federal Reserve Bank of New York.'” For each TBA purchase, we collect
the price, face value, trading date, and settlement date. We then aggregate to a daily total purchase
amount for each TBA contract. In particular, in March 2020, the Fed carried out purchases using an
unconventional TBA settlement time, so we separate the Fed’s TBA purchase based on the settlement

date.

4 Cash-Forward Arbitrage during the COVID-19 Pandemic

In this section, we study the breakdown of the cash-forward arbitrage relations and its economic under-
pinning during the COVID-19 pandemic. Since the COVID-19 shock may reasonably be considered
exogenous, it provides an ideal laboratory for testing the implications of our economic framework.
We do so by examining daily changes in the cash-forward basis, customers’ selling amounts through
SP relative to TBA contracts, and dealers’ net positions, motivated by Conjectures 1 - 4. Such a

high-frequency event study approach allows us to reasonably exclude confounding effects.

'"The historical purchase records are available at https://www.newyorkfed.org/markets/ambs/operations/search.
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4.1 Widening Cash-Forward Basis and Increased Customer Selling

From March 9 to 23 during the COVID-19 crisis, the stock market experienced four halts and investors
were reportedly scrambling for cash to a notable degree.'® Most studies of this period use March 9,
when a 7% decline in the S&P 500 index triggered the first market-wide circuit breaker trading halt, as
the start of the disruption period (Duffie, 2020; Haddad et al., 2020; He, Nagel, and Song, 2020; O’Hara
and Zhou, 2020; Schrimpf et al., 2020). However, we choose March 12 as the date of the triggering
shock because it is the settlement date of the March TBA contract, thereby avoiding mixing up the
March and April TBA contracts in the pre-COVID period.

Conjecture 1 states that an MBS supply shock and dealers’ balance sheet costs together would
cause the cash-forward basis to widen (become more negative). Figure 2 plots the daily series of the
payup for the 30-year UMBS contracts with 3% and 3.5% coupon rates, which are the most actively
traded cohorts during January - April 2020. We observe that, before March 12, the average daily SP
prices are higher than those of TBA, reflecting the higher-quality of the MBS traded in the SP market.
However, soon after March 12, the payup dropped substantially and even disappeared on occasion.
After March 23, when the Federal Reserve announced “Uncapped QE”, the payup slowly recovered,
but remained at a subdued level relative to the period before March 12.19

To quantify the change in the basis after the onset of the COVID-19 crisis, we consider the following
regression:

Payupi,t = Bo+ B x D{Post—Mar.lQ} + FECoupmu (2)

where D{pos—prar.12) 18 @ dummy variable equal to one for the period after March 12. The sample
period is from February 12, one month before March 12, to March 22, the day before the Fed’s
“uncapped QE” announcement. Hence, the coefficient on Dypoe—prar.12) measures the change in the

daily average of payup from March 12 until the Fed’s “uncapped QE” announcement. We include a

18The corona-virus pandemic sparked a scramble for cash not just among the small investors and
regular households, but also among the largest U.S. companies (See https://www.wsj.com/articles/
coronavirus-puts-a-premium-on-cash-even-for-biggest-u-s-companies-11585153040 and the references in
Kashyap (2020)).

9Notably, Figure 2 reveals a monthly seasonality in the 30-year UMBS payup, which dropped to the lowest levels
around the TBA monthly notification dates on January 10, February 10, and March 9. On the notification date, the
TBA seller has to notify buyers about the mortgage pools she plans to deliver on the settlement date, two days after.
Hence, there is a minimum CTD discount on the notification date, since investors buying TBA face no uncertainty about
the to-be-delivered mortgage pools, just like the SP buyers do. Moreover, both TBA and SP buyers expect to settle in
two days, therefore facing comparable balance sheet costs. Both facts cause the SP and TBA prices to converge on the
notification date.
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Figure 2: Time Series of Payup During the COVID-19 Crisis
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Notes: Panel (a) represents the SP and TBA prices from January 1 to April 27, 2020. The SP price curve
(blue line) shows the daily trading-volume weighted average prices of TBA-eligible 30-year FNMA MBS with
3% coupon. The TBA price curve (orange line) is the daily trading-volume weighted average prices of 30-year
Fannie MBS, also with 3% coupon. Panel (b) represents the similar SP and TBA prices from the same time
period as in Panel (a), but for 30-year FNMA MBS with 3.5% coupon instead.
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fixed effect for different cohorts based on the coupon rate. Since different cohorts have different levels
of trading activity and outstanding balances, we obtain a weighted least-squares estimation using the
logarithm of the total trading volume (i.e, the sum of TBA and SP market volumes) as weights for
each cohort ¢ on each date ¢.

Column (1) of Table 3 reports the results of regression (2). We find that the average payup was
around $1.239 before the shock, reflecting the difference in the quality of MBS traded in SP and TBA
markets. Importantly, after March 12, the payup is significantly lower, by $0.929 or 80% below the

pre-COVID average, indicating a large widening of the cash-forward basis.

Table 3: Payup and Trading Volume During the COVID-19 Crisis

Dependent Variable: SP Share of
Payup C-to-D Selling Amount
(1) (2)
Dy{post—nar.12} -0.929%* 0.0948*
(0.292) (0.0489)
Intercept 1.239%%* 0.414%***
(0.0813) (0.0136)
Clustered by Coupon X X
Coupon FE X X
Obs. 179 179
Adj. R? 0.504 0.238

Notes: Column (1) shows the estimated post-COVID-19 change in payup for 30-year UMBS cohorts. Column
(2) reports the estimated change of spec-pool trading volume share among all customer-to-dealer transactions
of the UMBS cohorts. The range of coupon rate is [2.5%,6.5%]. D{post—nrar.12} is a dummy that equals 1 if
the trade date is from March 12, inclusive. The sample period is from February 12 to March 22, 2020. Standard
errors (clustered at the coupon level) are reported in parentheses. *p<0.1, **p<0.05, ***p<0.01.

Turning to Conjecture 2, if the widening basis was indeed caused by fire-sales from MBS holders
scrambling for cash, we expect to see an increasing amount of selling through SP contracts even though
their prices had fallen substantially. Considering price and quantity changes together is a standard
approach to separate supply shocks from demand shocks of assets (Cohen et al. (2007)). Column
(2) of Table 3 reports regressions of the share of total customer-to-dealer selling amounts through
SP rather than TBA trades on the dummy variable Dypos—psar.12)- Consistent with our hypothesis,

this share increased significantly, by about 10%, after March 12 along with the significant widening
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of the basis. Hence, in contrast to studies that only present evidence of price changes, our evidence,
based on both price and quantity changes, supports the scramble-for-cash channel through which the
COVID-19 shock propagated in financial markets (Kashyap (2020)).

As discussed above, the payup is equal to the basis plus the price premium from the quality
differential. The evidence in Column (2) of Table 3 suggests that the decrease in payup is not driven
by the decrease in quality differentials during the pandemic. For instance, social distancing may have
hurt the financial health of households who may then have been unable to refinance, or refinancing
activities may have slowed due to the disruptions in the working environment. If this resulted in muted
prepayment for both TBA and SP contracts, thereby decreasing the heterogeneity between them, price
differences between SP and TBA may narrow simply because the quality differentials shrink. With
decreased quality differentials, however, customers should sell more MBS using TBA contracts because
of the lower CTD discount (Fusari et al., 2019). This is in contrast to the evidence we presented above

that the share of SPs actually increased, which reduces the likelihood of this alternative interpretation.

4.2 Dealers as Arbitrageurs

Deep-pocket investors can profit from the widening cash-forward basis, utilizing a cash-forward ar-
bitrage strategy that involves a long cash position in the SP market and a short position in TBA
contracts. In practice, institutional investors like hedge funds, banks, and dealers can execute such a
strategy. Taking advantage of the supervisory TRACE data that identifies individual dealer transac-
tions, we study how dealers’ net positions change as the basis widens. Note that the TRACE data
categorizes institutional investors such as hedge funds and mutual funds, who can also take the cash-
forward arbitrage strategy, as customers. To the extent that some customers also arbitraged the basis
during the pandemic crisis, our results regarding the extent of customers’ forced selling and total arbi-
trage activity are conservative, implying that our estimates of limits to arbitrage should be considered

a lower bound.

4.2.1 Dealers’ Aggregate Positions and Holding Costs

As formulated in Conjecture 3, dealers are expected to increase their positions in the two legs of the
cash-forward arbitrage trade. However, dealers’ balance sheet costs limit their ability to arbitrage and

reverse the widening of the basis. Figure 3 plots the time series of dealers’ daily net positions in SP
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and TBA contracts from January to April of 2020. We find that dealers consistently maintain long
positions in SP and short positions in TBA even before March 12, implying that dealers regularly
engage in the cash-forward arbitrage trades. Both dealer long SP positions and short TBA positions
increased further after March 12 when some customers were forced to sell their MBS holdings in order
to raise cash immediately. Hence, dealers accommodated customers’ needs to acquire cash immediately
by increasing their cash-forward arbitrage positions. This result is in contrast to that in the corporate
bond market where dealers reduced their positions prior to the Fed’s interventions (Kargar et al.,

2020).
Figure 3: Daily Changes in Dealers’ Positions during the COVID-19 Crisis
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Notes: This figure shows the primary dealers’ aggregate daily net Specified Pool (SP) positions (blue) on TBA-
eligible 30-year FNMA MBS with coupon rate in the range of [2.5%,6%)], as well as their aggregate daily net
TBA positions (orange) of the corresponding MBS, from January to April of 2020.

To quantify the change in dealers’ net positions in SP and TBA after March 12, we estimate the

following regression:

V;,t = BO + /Bl X D{Posthar.12} + FECoupon7 (3)

where Dyposi—prar.i12) and FEcoupon are the same as in regression model (2), and V;; is cohort i’s

dealer date-t net trading volume (in $ billions). We investigate the changes in SP trading volume
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Vi:gtp and in TBA trading volume Vl:";BA, respectively, and report the regression results in Table 4.20
Column (1) shows that dealers’ long positions in SP contracts increased by about $1.16 billion after
March 12, and this change is statistically significant. Column (2) reveals that dealers’ short positions
in TBA contracts increased by $0.43 billion after March 12, although the statistical significance is
weak. Overall, dealers increased their holdings of MBS on their balance sheets, but the continuing
deviation between the SP and TBA prices implies that dealers were unable to fully arbitrage the basis
away. These results indicate that dealer balance sheet constraints and costs are non-trivial and limit

arbitrage activity, consistent with recent findings in the U.S. Treasury market (Duffie, 2020).

Table 4: Daily Changes in Dealers’ Positions and UMBS vs. Ginnie Mae

UMBS UMBS vs. Ginnie Mae MBS
Dependent Variable: Dealers’ SP Dealers’” TBA Payup
Positions Positions
(1) (2) (3) (4)
D\ Post—Mar.12} 1.161% -0.426 ~0.554%% 0.118
(0.594) (0.421) (0.147) (0.0973)
DiumBsy 0.483**
(0.181)
Dipost—mar.a2y X Divmpsy -0.797**
(0.336)
Intercept 0.337* -0.819%*** 0.977+** 0.713%**
(0.168) (0.119) (0.0410) (0.0727)
Coupon FE X X X X
Clustered by Coupon X X X X
Obs. 177 177 337 337
Adj. R? 0.214 0.323 0.360 0.395

Notes: Columns (1) and (2) report the estimated post-COVID-19 change of dealer’s daily net SP and TBA
trading volume of 30-year UMBS cohorts, while columns (3) and (4) report the estimated post-COVID-19 change
of the payup for 30-year UMBS and Ginnie Mae MBS. The range of coupon rate is [2.5%, 6%]. D{post—rar.12}
is a dummy that equals 1 if the trade date is from March 12, inclusive, while D{U MBS} is a dummy that equals
1 for UMBS trades. The sample period is from February 12 to March 22, 2020. Standard errors (clustered at
the coupon level) are reported in parentheses. *p<0.1, ¥**p<0.05, ***p<0.01.

To further understand the determinants of dealers’ constraints and costs, we exploit the difference

29Detailed definition and sources of Viip and Vi?;BA can be found in Table A1 of the Appendix.

24



in settlement dates between UMBS and Ginnie Mae MBS. In particular, in the period after March 12,
the next settlement date of the Ginnie Mae TBA contract was March 23, whereas that of the UMBS
TBA contract was April 15.2! Hence, dealers who take SP contracts on their balance sheets can sell
a TBA contract (as part of the cash-forward arbitrage) and obtain cash about three weeks earlier for
the Ginnie MBS than for the UMBS. In contrast, before March 12, the next settlement date of the
Ginnie Mae TBA contract was still March 23, but that of the UMBS TBA contract was March 12, so
that dealers who take SP contracts on their balance sheets can sell a TBA contract and obtain cash
about two weeks later for the Ginnie MBS than for the UMBS. In total, relative to the period before
March 12, the holding period of the cash-forward arbitrage for the Ginnie MBS is five weeks less than
that for the UMBS.

The shorter settlement time (7 in our economic framework) translates into lower holding costs,
and consequently reduces the magnitude of the cash-forward basis, as seen from (1). Therefore, as
formulated in Conjecture 3, the increase in the absolute value of the basis of the Ginnie Mae MBS is
predicted to be smaller than that of the UMBS, and the difference is an estimate of dealers’ inventory
holding cost for a period of about five weeks (Manaster and Mann (2015)). To obtain the inventory

holding costs, we estimate the following regression model:

Payupit = Bo+P51 X Dipost—Mar12) +B2 X Diynmpsy +83 X Dipost—mar.12) X D{umBsy + F Ecoupon, (4)

where Diyapsy is the dummy variable for UMBS, and the coefficient 83 captures the additional
impact on UMBS relative to Ginnie-Mae MBS.?? From column (3) of Table 4, the average payup
when UMBS and Ginnie Mae MBS samples are pooled, dropped by about $0.554 after March 12.
Consistent with our hypothesis, column (4) shows that the drop in payup is larger for UMBS than
for Ginnie Mae MBS, by about $0.797. Hence, to hold inventory for five more weeks, dealers incur

additional balance sheet costs of about $0.8 per $100 of par value.

21The March and April settlement dates for 30-year UMBS TBA contract are March 12 and April 15, respectively,
while the settlement dates for 30-year Ginnie Mae TBA contracts are March 23 and April 21, respectively.

221t is worth noting that Fannie Mae and Freddie Mac, who back the UMBS, enjoy less comprehensive government
guarantee than Ginnie Mae does. Nevertheless, there is little evidence on the U.S. government planning to change the
support differentially between Ginnie Mae and Fannie Mae / Freddie Mac due to the COVID-19 pandemic. Therefore,
we argue the UMBS fixed effect can sufficiently capture the impact of different levels of government guarantee during
the entire sample period.
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4.2.2 Differences Across Dealers

Taking advantage of the dealer identities in the data, we also study the cross-sectional differences
among dealers. We first differentiate between primary dealers and other dealers. Primary dealers are
trading counterparties of the Federal Reserve Bank of New York in its implementation of monetary
policy and account for a large majority of trading volume in agency MBS markets.??> There are a
total of 24 primary dealers of which 16 were active in the MBS market during the COVID-19 sample.
Figure 4 reports the daily changes in SP and TBA net positions of primary dealers (top panel) and
non-primary dealers (bottom panel). We observe that primary dealers were the main providers of
liquidity as they conducted most of the cash-forward arbitrage strategies.

Among primary dealers, we further differentiate between LCR. dealers and non-LCR, dealers, with
the latter group consisting of dealers either not affiliated with a BHC or affiliated with a BHC that is
not covered by the LCR. Of the 16 primary dealers that are active in the MBS market during COVID-
19 sample, 7 are affiliated to large BHCs subject to the LCR and thus categorized as LCR dealers.?*
Since the LCR requires the covered banks to have sufficient high quality liquid assets to withstand a
30-day funding shortage when markets are in stress, “LCR dealers” may have better funding liquidity
and a comparative advantage in executing the cash-forward arbitrage (Brunnermeier and Pedersen
(2009)).25 Figure 5 reports the daily changes in net positions of LCR. vs non-LCR primary dealers.
We observe that LCR dealers indeed provided more liquidity than non-LCR dealers. In contrast,
after March 12, non-LCR dealers purchased much less SP, and only started to increase their positions

significantly after March 23.

4.3 The Federal Reserve as the Dealer of Last Resort

We now study how the Fed’s outright MBS purchases affected the cash-forward basis. The Fed
announced on March 15 that it would purchase agency MBS worth up to $200 billion and then on

March 23, it announced purchases of agency MBS in “the amounts needed to support smooth market

28ee https://www.newyorkfed.org/markets/primarydealers) for the list of primary dealers.

24The LCR covers BHCs with consolidated assets greater than or equal to $100 billion. However, for BHCs with
consolidated assets greater or equal to $250 billion, the LCR rules are stricter and they account for the majority of the
increase in cash positions following the announcement of the LCR, as shown by ?. Hence, we define “LCR dealers” as
those affiliated to BHCs with consolidated assets of at least $250 billion (7).

25High quality liquid assets include, among others, bank reserves, Treasuries, agency MBS and investment grade bonds.
However, the largest BHCs met their LCR requirements mostly by holding more reserves (Roberts, Sarkar, and Shachar,
2018).
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Figure 4: Daily Changes in Positions of Primary vs Non-Primary Dealers
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Notes: Figure (a) shows primary dealers’ aggregate daily net Specified Pool (SP) positions (orange) on TBA-
eligible 30-year FNMA MBS, as well as their aggregate daily net TBA positions (blue) of the corresponding
MBS, from February 12 to April 27, 2020. Figure (b) shows the Non-primary dealers’ aggregate daily net
Specified Pool (SP) positions (orange) on TBA-eligible 30-year FNMA MBS, as well as their aggregate daily
net TBA positions (blue) of the corresponding MBS during the same period.
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Figure 5: Daily Changes in Positions of LCR vs Non-LCR Primary Dealers
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functioning and effective transmission of monetary policy”. The Fed conducts agency MBS purchases
only through TBA contracts with primary dealers as direct trading counter-parties.?® The top panel
of Figure 6 plots the Fed’s daily TBA purchase amounts. We observe that the Fed started to increase
30-year UMBS purchases on March 16, and the purchases peaked shortly after March 23. Hence, we
shall use March 23 as the cutoff for the post-Fed-intervention period.

The Fed not only injected new capital into the MBS market but also did so much faster than
market participants. The bottom panel of Figure 6 provides a breakdown of the Fed’s TBA purchase
amounts into those following the standard SIFMA settlement date of April 15 and those with an
“accelerated” settlement arrangement. Although the usual market practice is to settle TBA contracts
on one single date set by the SIFMA, most of the Fed’s transactions were settled in two to three days,
injected capital into the market much sooner than market participants typically did. Thus, under our
economic framework in Section 2.2, the Fed’s purchases can be interpreted as decreasing the inventory
holding period 7 and thereby deploying faster-moving capital.

The fast-moving capital the Fed brought to the market is predicted to lead to a narrower basis, as

formulated in Conjecture 4. To test this hypothesis, we consider the following regression:

Pa?/upi,t = fo + p1 X D{Posthar.H} + P2 X D{Posthar.23} + FECoupon (5)

where D{post—nar23) 1 the dummy variable for the days after March 23 when the Fed announced
uncapped MBS purchases, and the dummy Dy posi—nrar.12y and fixed effect F'Ecoupon are defined as in
regression model (2). As opposed to the prior regressions, the sample period here is from February 12
to April 27, with five weeks before and five weeks after March 23. Column (1) of Table 5 reports results
of the regression for the payup of the 30-year UMBS. We observe that the average payup increases by
about $0.700 after March 23, partially reverting the $0.927 drop after March 12. In other words, the
Fed’s announcement of uncapped MBS purchases on March 23 partially reversed the widening of the
cash-forward basis observed after March 12.

Next, we examine whether the Fed’s purchases substantially affected the selling amounts and

26The Fed uses auctions executed on its FedTrade system in purchasing agency MBS. Bonaldi et al. (2015) analyze
these auctions of agency MBS, while Song and Zhu (2018) provide an analysis of the Fed’s auctions in purchasing Treasury
securities.
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Figure 6: The Fed’s Fast TBA Settlement
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Notes: Figure (a) shows the primary dealer’s daily aggregate face value of bids (orange line), and Fed’s daily
purchase amount (blue line), in the Fed’s 30-year agency UMBS purchase program, from January 1 to April 27,
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Table 5: Effects of the Fed’s Purchases

Dependent Variable: Payup SP Share of  Dealers’ Positions ($ bil.)

C-to-D Selling SP TBA
(1) (2) (3) (4)
Dipost—rar.12) -0.927** 0.0941* 1.161* -0.431
(0.284) (0.0490) (0.584) (0.422)
D¢ post—nar.23} 0.700* -0.0107 -0.521 0.171
(0.345) (0.0369) (0.520) (0.233)
Intercept 1.274%%* 0.420%+* 0.328* -0.804%**
(0.106) (0.0249) (0.147) (0.163)
Clustered by Coupon X X X X
Coupon FE X X X X
Sample UMBS UMBS UMBS UMBS
Obs. 350 350 345 345
Adj. R? 0.478 0.308 0.199 0.303

Notes: Column (1) reports the change in payup for 30-year UMBS. Column (2) reports the daily change in the
share of SP among all customer-to-dealer selling amounts in 30-year UMBS. Columns (3) and (4) report changes
in dealers’ daily net trading volume of 30-year UMBS SP and TBA. The sample uses cohorts with coupon rate in
the range of [2.5%,6%)]. D{post—nar.12} is a dummy that equals 1 if the trade date is from March 12, inclusive,
while Diposi—nrar23) is a dummy that equals 1 if the trade date is from March 23, inclusive. The sample
period is from February 12 to April 27, 2020. Standard errors (clustered at the coupon level) are reported in
parentheses. *p<0.1, **p<0.05, ***p<0.01.
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dealers’ positions. We consider the following regression

‘/i,t = fo + B1 X D{Post—Ma'r’.lQ} + B2 X D{Post—Mar.ZS} + FECoupon (6)

where V; ; represents the share of total Customer-to-Dealer selling amounts through SP in column (2),
dealers’ SP net positions in column (3), and dealer’s TBA net positions in column (4), of Table 5. We
observe that none of the outcome variables show significant changes after March 23.

Intuitively, although the Fed’s direct MBS purchases alleviate the price pressure, they did not
affect investors’ preference for cash following the liquidity shock. This further confirms that forced
selling by investors was driven by the liquidity shocks that they experienced and not by concerns
regarding the potential future deterioration in MBS fundamentals. Hence, the Fed’s purchases relaxed
the friction from “slow-moving capital,” thereby reducing fire-sale losses of investors. Furthermore,
the Fed’s purchases did not affect dealers’ positions either, suggesting that dealers were operating at
their maximum balance sheet capacities. One reason may be that dealer desks have Value-at-Risk
constraints that limit dealer positions and these constraints were not relaxed. We conclude that the
main effect of the Fed’s actions as the “dealer of last resort” was to absorb the forced selling from

customers that dealers were unable to accommodate due to balance sheet constraints.

4.4 Controls

The short sample period we use is unlikely to include large variations in MBS fundamentals, so
the change in payup is mainly driven by the change in the cash-forward basis, which we show is
associated with liquidity shocks and dealers’ balance sheet costs. In this section, we directly control
for MBS fundamentals to ensure that the change in payup is not due to changes in the quality of
mortgages underlying the MBS. These include the WALA, the remaining loan balance, the WAOCS,
the WAOLTYV, the WAOSIZE, and the original term of mortgage loans.

Table 6 reports results after including MBS characteristics in regression (2). These characteristics
are at the level of individual MBS and hence control for the potential variations in the composition of
SPs for each coupon cohort. From column (1), the drop in payup is significant, and about $1, after
controlling for MBS characteristics. This is higher than prior estimates (about $0.7-0.9; see column (1)

of Table 3) obtained without controlling for MBS characteristics. The result suggests that the quality
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of MBS sold through SPs after March 12 is higher than in the pre-crisis period, further supporting the
interpretation that the cash-forward basis widened because investors experienced liquidity shocks and
were forced to sell (even higher-quality) MBS through SPs in order to raise cash immediately. Next,
we examine the effects of the Fed’s direct purchases after including MBS characteristics in regression
(5). The results, reported in column (2) of Table 6, show that the Fed’s direct purchases reversed the
basis widening since March 12 by about a half.

We next control for a moneyness fixed effect. We calculate each cohort’s moneyness at date ¢ as
the difference between the cohort’s coupon rate and the date ¢ current-coupon rate (for a synthetic par
TBA contract that is obtained by interpolation of TBA prices trading near par). We then construct
the moneyness fixed effect by grouping cohorts according to moneyness buckets (Diep et al. (2017)).
Columns (1) to (4) of Table 7 show that the post-COVID-19 changes in the payup, the SP share in
customer-to-dealer trades, as well as dealers’ SP and TBA net positions after including the moneyness
fixed effect remain comparable to the results under the coupon fixed effect. However, the change in
the payup after the Fed’s purchase announcement becomes weaker, likely due to the rapid decline of
the current coupon rate following the Fed’s action.

Finally, we investigate whether our empirical results obtained so far rely on the cutoff date used
for the COVID-19 shock. Recall that many contemporaneous studies use March 9 as the cutoff date,
when a 7% decline in the S&P 500 index triggered the first market-wide circuit breaker (Duffie, 2020;
Haddad et al., 2020; He, Nagel, and Song, 2020; O’Hara and Zhou, 2020; and Schrimpf et al., 2020).
We instead use March 12 as the cutoff date to avoid mixing two TBA contracts give that March 12 is
a settlement date. Nevertheless, to address the concern that our empirical results might be sensitive
to the cutoff date, we repeat our empirical tests by excluding the observations between March 9 and
11. This effectively sets the cutoff date as March 9, similar to other studies. Columns (1) to (4) of
Table 8 show that, the post-COVID and post-Fed-intervention changes in the payup, the SP share in
customer-to-dealer trades, as well as dealers’ SP and TBA net positions, remain comparable to our

main results in Table 5.
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Table 6: Control for MBS Characteristics

Dependent Variable: Payup
(1) (2)
Dypost—rar.12} -1.004** -0.943**
(0.295) (0.272)
D post—mar.23} 0.426*
(0.219)
WALA 0.00369 0.0107***
(0.00388) (0.00306)
Remaining Balance -0.00729 0.00736
(0.0298) (0.00896)
WAOCS 0.00777 -0.00122
(0.00487) (0.00829)
WAOLTV -0.0161 -0.0366
(0.0145) (0.0202)
WAOSIZE (Thousand) -0.0129%** -0.0143%**
(0.00189) (0.00180)
Original Term 0.165 0.049
(0.155) (0.0751)
Constant -59.04 -9.082
(56.34) (30.55)
Coupon FE X X
Clustered by Coupon X X
Obs. 179 350
Adj. R? 0.663 0.678

Notes: Columns (1) and (2) show the estimated changes in payup for the 30-year UMBS, with coupon rate
in the range of [2.5%,6%)], after the COVID-19 pandemic and after the Fed’s “Uncapped QE” announcement.
Dy post—nar.12y is a dummy that equals 1 if the trade date is from March 12, inclusive, while Dypogi—rar.23}
is a dummy that equals 1 if the trade date is from March 23, inclusive. “WALA” is the weighted average
loan age, “WAOCS” is the weighted average original FICO score, “WAOLTV?” is the weighted average original
loan-to-value ratio, whereas “WAQOSIZE” refers to the weighted average original loan size. The sample period is
from February 12 to April 27, 2020. Standard errors (clustered at the coupon level) are reported in parentheses.
*p<0.1, ¥**p<0.05, ***p<0.01.
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Table 7: Moneyness FE Effects

Dependent Variable: Payup  SP Share of Dealers’ Positions ($ bil.)
C-to-D sp TBA
Selling
(1) (2) 3) (4)
D Post—mar12) L0.726%F  0.136%F 1.117* -0.237
(0.230) (0.0178) (0.515)  (0.246)
Dy post—ar23} 0.297 L0.0056%*  -0.489 -0.264
(0.252) (0.0299) (0.588)  (0.256)
Constant 1.345%** 0.437H%* 0.340%F  -0.708%**
(0.0913)  (0.0178) (0.123)  (0.145)
Sample UMBS UMBS UMBS UMBS
Moneyness FE X X X X
Clustered by Moneyness X X X X
Obs. 349 349 344 344
Adj. R? 0.471 0.325 0.159 0.260

Notes: This table shows the estimated changes for 30-year UMBS and Ginnie Mae MBS with coupon rate in the
range of [2.5%,6%)], after the COVID-19 pandemic and after the Fed’s “Uncapped QE” announcement, under
the alternative moneyness fixed effect. Results presented in columns (1) to (4) are based on UMBS transactions
only: In particular, column (1) shows the changes in payup; column (2) presents the changes in daily spec-pool
trading volume share among all customer-to-dealer trades; column (3) and (4) show the changes in the daily
net trading volume in the spec-pool market and in the TBA market, respectively. D{posi—nrar.12} 15 a dummy
that equals 1 if the trade date is from March 12, inclusive, while D{post—nrar.23) is @ dummy that equals 1 if
the trade date is from March 23, inclusive. The sample period is from February 12 to April 27, 2020. Standard
errors (clustered at the moneyness level) are reported in parentheses. *p<0.1, **p<0.05, ***p<0.01.
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Table 8: Robustness: Cutoff Date for the COVID-19 Shock

Dependent Variable: Payup SP Share of  Dealers’ Positions ($ bil.)

C-to-D Selling SP TBA
(1) (2) (3) (4)

D{post—ar12) -0.960%** 0.136%** 1.236* -0.374

(0.270) (0.0178) (0.616) (0.450)

D{Post—Mar23) 0.700% -0.0956** -0.520 0.172

(0.346) (0.0299) (0.520) (0.233)

Constant 1.308%** 0.437%%* 0.249 -0.8517%**

(0.112) (0.0178) (0.172)  (0.193)

Sample UMBS UMBS UMBS UMBS
Coupon FE X X X X
Clustered by Coupon X X X X
Obs. 332 332 329 329

Adj. R? 0.459 0.399 0.206 0.309

Notes: This table shows the estimated changes for 30-year UMBS and Ginnie Mae MBS with coupon rate in
the range of [2.5%,6%], after the COVID-19 pandemic and after the Fed’s “Uncapped QE” announcement,
with the transactions during March 9 to 11 dropped from the sample period of February 12 to April 27, 2020.
Results presented in columns (1) to (4) are based on UMBS transactions only: In particular, column (1) shows
the changes in the payup; column (2) presents the changes in daily spec-pool trading volume share among all
customer-to-dealer trades; column (3) and (4) show the changes in the daily net trading volume in the spec-pool
market and in the TBA market, respectively. Diposi—rrar.12) 18 @ dummy that equals 1 if the trade date is
from March 12, inclusive, while D{posi—nrar.23) is @ dummy that equals 1 if the trade date is from March 23,
inclusive. Standard errors (clustered at the moneyness level) are reported in parentheses. *p<0.1, **p<0.05,
*Ep<0.01.
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4.5 Shadow Cost of Dealer’s Balance Sheet Liquidity Constraint and Fed’s Accel-
erated TBA Settlement

A notable innovation that arose during the Fed’s pandemic purchasing was the unconventional “ac-
celerated” TBA settlement, first seen on March 19, 2020. As shown in Figure 7, the Fed purchased
30-year UMBS TBA contracts which follow an accelerated T+3 settlement, in addition to the regular
TBA contracts that settle on the conventional April or May TBA settlement dates.After showing the
Fed’s purchases have alleviated primary dealers’ balance sheet constraints, we now further investigate
the extent to which accelerated TBA settlements allowed primary dealers to unwind their balance sheet
positions more quickly than they otherwise could have under the regular TBA settlement scheme.
We exploit the variation in Fed purchases with different settlement conventions to highlight the
additional effectiveness of accelerated TBA settlement by using the Fed’s publicly-released purchase
records .2” To compare the pricing impact of accelerated vs. conventional TBA settlements with
April versus May settlement days, we construct two overlapping subsamples. The first one constrasts
transactions with accelerated settlement and conventional April settlement, whereas the second one
includes accelerated settlement and conventional May settlement. We then investigate the effect of
accelerated TBA settlement on the Fed’s purchase price from primary dealers using the following

regression:

Pi,t - Z 5{TradeDate} X 1{Accelerated} X 1{t:TradeDate} + log (V;'ﬂf) + FE{CouponXTradeDate}v (7)
TradeDate

where P;; and V;; are the price and volume (respectively) of each of the Fed’s purchases for cohort
i that happen on date t. The coefficients of interest are S(rrqdepate}: @ significant and negative
coefficient represents a price discount for TBA transactions with accelerated settlement, suggesting
that primary dealers are willing to receive a lower price in exchange for the opportunity to liquidate
MBS on their balance sheets. Hence, the coefficients measures the shadow cost of primary dealers’
balance sheet constraints, since a more severely constrained dealer would be more willing to sell its
MBS for a lower price.

Figure 8 presents the regression coefficients B{7,qdepate}, and their 95% confidence intervals, for

each of the trading days between March 19 and 27. Specifically, The blue line shows how price discounts

27 Available at https://www.newyordfed.org/markets/ambs/ambs_ schedule.
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Figure 7: The Fed’s Daily TBA Purchase Volume by Settlement
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Notes: The Fed’s daily purchases of 30-year UMBS by settlement convention, from March 10 to March 27,
2020. The blue bars at the bottom indicates the daily volume of the Fed’s TBA purchases with accelerated

settlement. The orange bars and the green bars at the top are the daily volume of the Fed’s TBA purchase
with conventional April and May settlement, respectively.
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of TBAs with accelerated settlement compared to thosewith April conventional settlement, whereas
the orange line shows the same comparison with respect to May settlement. The price discount among
TBAs with accelerated settlement is more pronounced during the earlier half of the period, namely
from March 19 to 24, than during the latter half. Specifically, on March 19 and 20, the primary dealers
are willing to take a price discount of $0.6 to $1.2 in order to rapidly unwind a TBA with $100 face
value, rather than wait until the conventional settlement date in mid-April or mid-May. The price
discount subdued to less than $0.4 in the latter half of the period.

This pattern highlights primary dealers’ balance sheet liquidity constraints and how the Fed’s
accelerated settlement helped alleviate such constraints. The greater price discount in the earlier half
points to primary dealers’ higher shadow cost of liquidity constraints. Compared to purchasing TBAs
with regular settlement dates in future months, purchasing TBAs with accelerated settlement more
effectively restores primary dealers’ balance sheet liquidity. In fact, on March 27, the last day of the
Fed’s accelerated-settlement purchases, the price discount of TBAs with accelerated settlement were

not significantly different from zero.?

5 Cash-Forward Arbitrage in the Historical Sample

In this section, we conduct an analysis over a longer sample in the historical period from May 2011 to
December 2018. Panel (a) of Figure 9 plots monthly series of the average payup, across four coupon
cohorts that are in most active production. To compare the historical level of payup with its COVID-
19 pandemic level, Figure 9 spans from the beginning of our historical period through April 2020.
We observe that the payup averaged about $0.4 per $100 par value before December 2018. It then
increased significantly from about $0.5 to more than $1.1 over the next year through December 2019,
but dropped substantially to about $0.3 in April 2020 through the COVID-19 pandemic in less than
four months.

Panel (b) reports monthly series of dealers’ net SP and TBA positions in $billions in the same
period as in Panel (a). We observe that dealers regularly hold net long positions in SP and net

short positions in TBA contracts. Both positions vary greatly over time, with the largest spikes also

28We notice that the coefficient of March 19 is also not significant. However, since March 19 is the first date of the
accelerated settlement transactions, we put less weight on the result since the transaction prices at the initiation of an
unprecedented operation might not be informative. Indeed, the coefficient in the next day turns significantly negative.
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occurring in the COVID-19 period.

As discussed, it is hard to pin down the primitive shocks that triggered a widening of the basis
over this longer period. Instead, we focus on testing implications of our economic framework on the
relationship between the basis and dealers’ positions in cash-forward arbitrage. We first regress the
payup on dealers’ aggregate daily net SP and front-month TBA positions for Fannie and Freddie
coupon cohorts of 2% - 7%. We restrict the sample to moneyness between CC-3 and CC+7 to only

include reasonably active coupon cohorts. The regression specification is

Payup; s = o + B1 X V;ip + B2 X Vf;BA

+ FE{MoneynessXAgency} + FE{Time to settlement}s (8)

where FE{1oneynessx Agency} 18 the fixed effect of cohort moneyness as well as agency (Fannie Mae
and Freddie Mac), and FE{Time to settiement} captures the average variation within the monthly TBA
settlement cycle (Gao et al. (2017)).

Table 9 reports the regression results. Columns (1) and (2) show that the drop in payup is
associated with dealers’ increased long SP positions and short TBA positions. For an increase of
one $billion in dealers’ long SP and short TBA positions, the payup of an average coupon cohort
decreases by about $0.026 and $0.011 per $100 par value, respectively (for comparison, the magnitude
is about $0.078 and $0.013 for the sample of the COVID-19 crisis). Furthermore, column (3) shows
a significant negative association between dealers’ SP and TBA positions, consistent with dealers’
engaging in cash-forward arbitrage. For a one-dollar-increase in the long SP position, dealers take a
$0.467 short TBA position. Collectively, these results show that dealers regularly take on cash-forward

arbitrage positions.

6 Conclusion

The COVID-19 pandemic caused substantial disruptions in most financial markets in March 2020,
including corporate bonds, municipal bonds, MBS, and even Treasuries. In response, the Fed provided
liquidity support to a broad range of markets. In this paper, focusing on the market for agency MBS,

we provide empirical evidence on the economic channels underlying the asset market disruptions during
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Table 9: Payup and Dealers’ Positions in Long Horizon

Dependent Variable: Payup Net TBA Volume ($ bil.)
(1) (2) (3)
Net SP Volume ($ bil.) -0.0264*** -0.467H%*
(0.00896) (0.0945)
Net TBA Volume ($ bil.) 0.0106**
(0.00474)
Intercept 0.301%** 0.300%** -0.102%**
(0.000868)  (0.000700) (0.00916)
Moneyness*Agency FE X X X
Time to Settlement FE X X X
Clustered by Moneyness*Agency X X X
Obs. 24,470 24,470 24,470
Adj. R? 0.071 0.071 0.187

Notes: This table shows the estimated changes for Fannie Mae and Freddie Mac MBS with coupon rate in
the range of [2%, 7%] and moneyness within CC-3 to CC+7 between May 2011 and December 2018. Net SP
Volume is the daily net position in SP. Net TBA Volume, both as regressor and as dependent variable, is the
daily net positions in TBA with front-month settlement date. Columns (1) and (2) report the changes in the
payup as the daily difference between the SP price and the TBA price; column (3) shows the changes in the
daily net TBA volume. Standard errors (clustered at the moneyness level) are reported in parentheses. *p<0.1,
#k1<0.05, ¥*¥*p<0.01.

the COVID-19 crisis, as well as the effect of the Fed’s interventions in its role as the “dealer of last
resort”. Our analysis focuses on the basis, or price deviation between the cash market and the forward
market of agency MBS controlling for differences in MBS fundamentals. We document that the basis
widened in agency MBS markets during the COVID-19 crisis, relate the change to investors’ cash
constraints, provide evidence on the frictions that prevented dealers from arbitraging the basis away
immediately, and analyze why the Fed’s interventions were effective. Since the cash-forward arbitrage
in the MBS market has not been examined in the literature, we also conduct an analysis using a longer,
historical period prior to the COVID-19 crisis. Our comprehensive set of evidence not only quantifies
the economic magnitude of market price dislocations but also sheds light on both the amplification

mechanism (scramble for cash) and the frictions (dealers’ holding costs) that led to the dislocations

during the COVID-19 crisis.
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Figure 8: The Fed’s TBA Settlement

Changes in Fed Purchase Prices Over Time
Sample: 30-yr UMBS, Mar. 19-27
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10 to March 27, 2020.
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Figure 9: Payup and Dealers’ Positions in Long Horizon

(a) Payup in Long Horizon
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Notes: Figure (a) plots the monthly average of payup across cohorts CC+1 to CC+4 between May 2011 and
April 2020. Figure (b) plots the total net trading volumes across cohorts CC+1 to CC+4 between May 2011
and April 2020.
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A Transaction Costs and Fed’s Purchase

Figure A1 shows the transaction costs for C-to-D trades in the UMBS 3% TBA market from January
to April 2020. Specifically, we present three measures of transaction costs: the round-trip transaction
cost (Bessembinder et al. 2013), the Roll’s measure, and the Amihud measure. Since early March, the
transaction costs boosted when the COVID-19 pandemic started in the U.S. and peaked shortly before
the Fed’s March 23 announcement of market support without preset limits. Since the Fed’s purchases

unfold, both Roll’s measure and Amihud measure show the transaction costs dropped gradually.

Figure Al: The Transaction Costs of UMBS TBA Market

Liquidity Measures for March 2020
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Notes: The transaction costs for C-to-D trades in the UMBS 3% TBA market from January to April
2020.

50



B Definitions and sources of variables

Table Al: Variables Definition and Sources

Variable and
abbreviation

Definition and source

SP (TBA) price
SP; +(TBA,; )

Payup Payup;
SP share of C-D

selling amount

Share; ¢
Net SP (TBA)

volume
VP (VERA)

WALA

Remaining balance

WAOCS

WAOLTV

WAOSIZE

Original term

The transaction-volume-weighted average trading price of all the SP (TBA) transactions
in cohort ¢ on trading date ¢. Source: TRACE.

Payup; + = SP;; —TBA; . Source: TRACE.

The fraction of SP trading volume among the combined transaction volumes of SP and
TBA contracts that customers sell to dealers, for MBS cohort i on date ¢t. Source:
TRACE.

Given J dealers, each involved in N; transactions with signed volumes {vf%, i t}
777 ) e{1,N;}

(dealer purchases as positive and sales as negative) on SP (TBA) contracts in cohort ¢ at
date ¢, the net SP (TBA) volume is }°, 3", v’ Source: TRACE.

n it
Average age of mortgage pools traded on date t, weighted by the trading volume of each
pool, for each cohort i. The age of each mortgage pool is calculated as the average number
of months from the time the loans were originated, up to and including the current month,
for mortgage loan within the pool, weighted by the remaining loan balance. Source: eMBS
& TRACE.

The remaining balance of cohort 4 at date t is calculated using the average remaining
balance of loans in each of the traded mortgage pools within the cohort i, weighted by the
trading volume of the pools. Source: eMBS & TRACE.

The average credit scores of mortgage pools traded on date t, weighted by the trading
volume of the pools, for each cohort i. The credit score of each mortgage pool is calculated
as the average original credit score of the mortgage loans within the pool, weighted by the
remaining loan balance at each month. Source: eMBS & TRACE.

The average loan-to-value ratio (LTV) of mortgage pools traded on date ¢, weighted by
the trading volume of the pools, for each cohort i. The LTV ratio of each mortgage pool is
calculated as the average of the face amount of the loan at origination by the property
value for each mortgage loans within the pool in percentage, weighted by the remaining
loan balance at each month. Source: eMBS & TRACE.

The average of the original loan size of mortgage pools (in thousands of dollars) traded on
date t, weighted by the trading volume of the pools, for each cohort i. The original loan
size of each mortgage pool is calculated as average of the original loan size for each
mortgage loans within the pool, weighted by the remaining loan balance at each month.
Source: eMBS & TRACE.

The average of the original term of mortgage pools traded on date ¢, weighted by the
trading volume of the pools, for each cohort i. The original term of each mortgage pool is
calculated as average of the original term in years of each mortgage loans within the pool,
weighted by the remaining loan balance at each month. Source: eMBS & TRACE.
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