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I show that the repo specialness of sovereign bonds can magnify the transmission
of central bank quantitative easing into the real economy. Investors who cannot take
advantage of the repo specialness of government bonds substitute for government
bonds with riskier assets, such as corporate bonds. The extra demand from this
portfolio substitution lowers corporate financing costs. I quantify the magnitude
of this repo specialness channel for quantitative easing (QE) transmission in the

context of the Public Sector Purchase Program of the Eurosystem.

1. Introduction

This paper shows that the specialness premium of government bonds in repurchase agreement
(repo) markets can boost a central bank’s effort to lower corporate bond yields by purchasing
government bonds. I empirically estimate the magnitude of this channel while the Eurosystem
has been buying eurozone government bonds through its Public Sector Purchase Program
(PSPP). Yields on 9-year euro-denominated corporate bonds that are rated A by S&P declined
by 95.7 basis points from March 3, 2014 to February 29, 2016. I associate 31.9 basis points of
this decline with an increase in the repo specialness premium of German federal government
bonds (bunds), benchmark bonds in the European sovereign bond market.

Figure 1 provides an illustrative example of a repo transaction. A government bond repo is a

contract in which one firm (A) sells a government bond to another firm (B), with a promise to
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purchase it back at a future date. In effect, firm B makes a cash loan to firm A, collateralized
with a government bond. The repo rate is the rate of return on the cash investment of firm
B, as indicated by the initial sale price and the future re-purchase price of the bond. If the
bond is scarce in the repo market, it is costly for firm B to find an alternative counter-party
that owns that bond. Consequently, firm B may be willing to lend cash at a repo rate lower
than the risk-free rate. The downward deviation of the repo rate (1.5%) from the risk-free
rate (2%) is the repo specialness premium (0.5%). By borrowing cash at a low repo rate and
subsequently investing it at a higher risk-free rate, firm A earns extra revenue. In repo market
terminology, firms A and B are conducting a repo and a reverse repo, respectively. The repo
specialness premium tends to be larger if the bonds are harder to locate in the market (Dulffie,
1996; Corradin and Maddaloni, 2017; Jank and Monch, 2018, 2019).

<Starting Leg> <Ending Leg>
bond bond
—_— —
A B A B
cash cash
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- 0.5% interest

Figure 1: Illustrative Example of a Repo Transaction. This diagram illustrates an ex-
ample of a repo transaction in which firm B reverse repos a bond from firm A. Firm
A repos the bond to firm B. The risk-free rate is 2%. The repo rate is 1.5%. The
downward deviation of the repo rate from the risk-free rate, which is 0.5% in this
example, is the specialness premium.

This paper is motivated by the PSPP through which the Eurosystem has been purchasing the
debt instruments of eurozone governments and agencies in the secondary market since March
2015. After their purchases of government bonds, the Federal Reserve or the Bank of Canada
supplied back a signification fraction of these bonds to private firms, either through repos
or securities lending agreements.! In contrast, the Eurosystem has not supplied back to the
market most of the bonds that it purchased under the PSPP. For example, in November 2018,
the Eurosystem was not willing to repo more than 75 billion euros of securities to private firms.
This limit accounts for less than 4% of the total value of bonds that the Eurosystem held for
the PSPP at the time.? Whether intended or not, this decision of the Eurosystem substantially
reduced the availability of eurozone government bonds in the market and, thus, increased the
repo specialness of these bonds (Arrata, Nguyen, Rahmouni-Rousseau and Vari, 2018; Jank
and Monch, 2018, 2019). Indeed, Figure 2 shows that the repo specialness premium of a 9-year
bund increased steadily during the PSPP period. I show that the heightened repo specialness

1See section §D in the appendix for details.
2The number is from the European Central Bank website. See section F.3 for more information on the restrictive
features of the securities lending facilities that the Eurosystem operated.



premium of securities that were purchased under the PSPP significantly lowered corporate
financing costs. Reducing corporate financing costs is one of the most important goals of QE
programs (see Praet (2015) and Bernanke (2011) for the objectives of the Eurosystem and the
Federal Reserve respectively). Intentionally or not, the Eurosystem magnified the stimulus to

the eurozone economy of its PSPP through an increase in repo specialness.
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Figure 2: Bund Repo Specialness Premium. Data is from BrokerTec. The figure plots the
repo specialness premium of a German federal government bond with a remaining
maturity of 9 years. If there is no bond with remaining maturity exactly equal to
9 years, Nadaraya-Watson kernel regression is used to estimate the repo rate on a
9-year bond. Repo specialness premium is defined as the 9-year overnight index swap
(OIS) rate minus the repo rate. I removed data on quarter ends.

The magnification of the stimulus of the PSPP is useful mainly because of the self-imposed
rules of the Eurosystem that limit the size of the PSPP. For example, the Eurosystem does
not purchase under the PSPP more than 33% of the outstanding debts of any individual
government.® Some of the rules that the Eurosystem introduced at the beginning of the program
became binding constraints and, thus, had to be relaxed for the Eurosystem to keep purchasing
bonds for the PSPP (Gros, 2016). Some economists have expressed concerns that the size
limit may force the Eurosystem to end the program prematurely, even if the inflation is not
high enough (Gros, 2016). Nevertheless, it is politically challenging for the Eurosystem to
keep relaxing these rules. A sizable expansion of the PSPP by amending these rules may
invite criticisms that the PSPP is violating the European Law on the prohibition of monetary
financing (e.g., the direct financing of governments by the central bank) (Mersch, 2016; Boysen-

Hogrefe, Fieldler, Jannsen, Kooths and Reitz, 2016).# Given these inherent constraints on the

3See Article 5 of the Decision 2015/774 of the European Central Bank of 4 March 2015 on a Secondary Market
Public Sector Asset Purchase Programme (ECB/2015/10).
4The Article 123 of the Treaty on the Functioning of the European Union.


https://www.ecb.europa.eu/ecb/legal/pdf/oj_jol_2015_121_r_0007_en_txt.pdf
https://www.ecb.europa.eu/ecb/legal/pdf/oj_jol_2015_121_r_0007_en_txt.pdf
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:12008E123:EN:HTML

size of the PSPP, it could be valuable to increase the stimulus of the program per unit amount
of purchase of government bonds. The repo specialness effect meets this objective, through
lowering corporate financing costs.

My theoretical model works roughly as follows. Suppose a central bank purchases government
bonds without repoing these bonds back to the market. As fewer bonds circulate in the repo
market, the specialness premium of government bonds rise. Consequently, a dealer bank owning
these government bonds can earn more revenue in the repo market. Dealers quote higher
prices to their non-bank customers, such as insurance companies and pension funds (ICPFs),
to reflect opportunities to earn more revenue in the repo market (Duffie, 1996; Jordan and
Jordan, 1997; Buraschi and Menini, 2002; Duffie, Garleanu and Pedersen, 2002; Krishnamurthy,
2002; D’Amico, Fan and Kitsul, 2018; DAmico and Pancost, 2017).° Nevertheless, these ICPFs
cannot earn revenue from the repo specialness nearly as effectively as dealers do.® For example,
it is costlier for these ICPFs to search for, and then negotiate with, a counter-party to take
the other side of the repo (Hill, 2015b). They also cannot effectively manage the risks (e.g.,
counter-party credit risk) involved in the transaction (Hill, 2017). Finding government bond
yields too low, ICPFs substitute for government bonds with corporate bonds. The corporate
bonds appreciate as a result.

ICPFs invest heavily in the long-term non-financial corporate bonds market in Europe, so
much so that their portfolio allocations can significantly affect these bond prices. For example,
in the second quarter of 2016, ICPFs accounted for 43% of private holdings (e.g., excluding
holdings by central banks) of eurozone non-financial corporate debt that has remaining matu-
rities of more than one yeau".7

To quantify the repo specialness effect, I run a panel regression of corporate bond yields
on bund repo specialness premium. My repo data is from BrokerTec, a major inter-dealer
electronic platform for the European repo market. The purchases of government bonds under
the PSPP has been profoundly affecting the supply of these government bonds in the repo
market and, thus, their specialness premia (Arrata, Nguyen, Rahmouni-Rousseau and Vari,
2018; Jank and Monch, 2018, 2019). Therefore, I instrument the bund repo specialness using
the rules that the Eurosystem used to determine how much to purchase each bund. I associate
a third of the decline in yields on 9-year corporate bonds that are rated A by S&P from March
2014 to February 2016 with an increase in the repo specialness premium of bunds.

Section §2 explains the marginal contribution of this paper to the literature. Section §3
describes the setting of my theoretical model. Section §4 solves for equilibrium and illustrates
the theoretical intuition of my transmission channel of a QE. In section §5, I numerically
calibrate my theoretical model. In section §6, I describe data, and my empirical strategy

is detailed in section §7. In section §8, I present the results of my instrumental variable

5See Dunne, Hau and Moore (2014); Ejsing and Sihvonen (2009); Schlepper, Hofer, Riordan and Schrimpf
(2017) for information on the dealer-to-customer segment of the European government bond market.

6See section F.2 for more details.

"The data source is the Statistical Data Warehouse of the European Central Bank.



regression. In section §9, I discuss other channels through which the repo specialness premium
of government bonds can affect corporate financing costs. I also explore the implication of the
repo specialness effect for the fiscal policies as well as the allocative efficiency in the bond and

repo market. I conclude in section §10.

2. Literature Review and Marginal Contribution

This paper contributes to a growing strand of theoretical literature that shows how open market
operations of the central bank, which is called quantitative easing (QE) programs, can affect
asset prices. My paper demonstrates a new channel that involves the repo specialness premium.
To my knowledge, the repo-specialness channel for increasing the impact of the central bank’s
purchase of government bonds on the prices of other assets has not been identified in previous
research.

The seminal work of Wallace (1982) shows that open market operations cannot impact asset
prices in traditional models with the representative household. Since the representative agent
ultimately owns the central bank, a mere exchange of one asset for another on the balance sheet
of the central bank does not impact the marginal consumption process of households (Woodford,
2012). Consequently, the representative household price assets with the same pricing kernel.
Since it is completely irrelevant whether reserves or other assets are on the central bank balance
sheet, open market operations have no impact on asset prices in the world of Wallace (1982).

Nevertheless, since the financial crisis, many central banks have initiated QE programs specif-
ically to affect asset prices and make their monetary policies more accommodating. In response,
scholars began studying what conditions of Wallace (1982) model need to be relaxed for QE
programs to be able to affect asset prices. For example, asset prices can change if the pur-
chased asset gives some non-pecuniary benefit more than central bank deposits do (Woodford,
2012). The convenience yield theory of U.S. Treasuries (Krishnamurthy and Vissing-Jorgensen,
2012a,b) nicely supports this idea. The safety of cash flow from holding Treasuries is not the
only reason investors like Treasuries. Treasuries are also useful as collateral for financial trans-
actions. Fed reserves are less valuable for financial transactions because only banks can access
them. By purchasing Treasuries with reserves, the Fed reduces the supply of assets that pri-
vate investors can use to back financial transactions. Consequently, investors are willing to
pay higher prices to obtain assets that can back financial transactions. Krishnamurthy and
Vissing-Jorgensen (2012b) call this “asset scarcity channel.”

My work differs from the asset scarcity channel to the extent that scarcity of the purchased
asset in the underlying cash market and that in the repo market do not always go hand in
hand. I use “cash market” to refer to the market that involves the outright purchase and
sale of government bonds. Throughout the remainder of the paper, the term “cash market”
specifically refers to the government bond cash market. QE programs inevitably make it more
difficult for private investors to own the asset. Nevertheless, the central bank can make it more

or less difficult to borrow the same asset by adjusting its supply of the purchased asset to the



repo market.

For the same reason, my work departs from those that focus on QE-induced scarcity of par-
ticular class of assets (e.g., assets with long duration) to explain the asset pricing implications
of QEs (Altavilla, Carboni and Motto, 2015; Ferrero, Loberto and Miccoli, 2017). Most works
are concerned with keeping certain assets out of circulation in the underlying cash market, not
the repo market.

In particular, Ferdinandusse, Freier and Ristiniemi (2017) notes that QE may make it more
difficult for investors to locate counterparties to trade the asset purchased under the QE.
An increase in search frictions moves asset prices a la Duffie, Garleanu and Pedersen (2005).
While Ferdinandusse, Freier and Ristiniemi (2017) studies search frictions in the underlying
cash market, I focus on search frictions in the repo market.

This paper is also related to empirical literature analyzing asset price movement in response
to the PSPP (Altavilla, Carboni and Motto, 2015; Falagiarda, McQuade and Tirpak, 2015; An-
drade, Breckenfelder, De Fiore, Karadi and Tristani, 2016; Blattner and Joyce, 2016; De Santis,
2016; Arrata, Nguyen, Rahmouni-Rousseau and Vari, 2018; Arrata and Nguyen, 2017; Corradin
and Maddaloni, 2017; De Santis and Holm-Hadulla, 2017; Ferrari, Guagliano and Mazzacurati,
2017; Karadi, 2017; Lemke and Werner, 2017; Schlepper, Hofer, Riordan and Schrimpf, 2017;
Albertazzi, Becker and Boucinha, 2018; Koijen, Koulischer, Nguyen and Yogo, 2018; Jank and
Monch, 2018; Pelizzon, Subrahmanyam, Tomio and Uno, 2018; Jank and Monch, 2019). It is
also related to a line of works analyzing how European repo rates are determined (Mancini,
Ranaldo and Wrampelmeyer, 2015; Arrata, Nguyen, Rahmouni-Rousseau and Vari, 2018; Bois-
sel, Derrien, Ors and Thesmar, 2017; Corradin and Maddaloni, 2017; Nyborg, 2017; Ferrari,
Guagliano and Mazzacurati, 2017; Sangiorgi, 2017; Piquard and Salakhova, 2018; Brand, Fer-
rante and Hubert, 2019; Nyborg, 2019). Most works tackle the underlying cash market or
the repo market separately, with the notable exception of D’Amico, Fan and Kitsul (2018).
D’Amico, Fan and Kitsul (2018) estimate the impact of the repo specialness of Treasuries on
Treasury yields throughout the QE of the Fed. Growing repo specialness during the implemen-
tation of a QE is not only relevant for the prices of the assets purchased but also important in
amplifying the transmission of QE programs into the real economy (whether intentionally or
not).

Lastly, this paper engages with the literature showing QFE programs can lower corporate or
household financing costs and, thus, create higher inflation. One of the mechanisms studied in
the literature is the portfolio rebalancing channel (Vayanos and Vila, 2009; Krishnamurthy and
Vissing-Jorgensen, 2012b; Carpenter, Demiralp, Thrig and Klee, 2013; Joyce, Liu and Tonks,
2014; Andrade, Breckenfelder, De Fiore, Karadi and Tristani, 2016; Bua and Dunne, 2017;
Albertazzi, Becker and Boucinha, 2018; Bergant, Fiodra and Schmitz, 2018; Boermans and
Keshkov, 2018; Chadha and Hantzsche, 2018; Goldstein, Witmer and Yang, 2018). For example,
in response to QE-induced appreciation of government bonds, banks substitute holdings of
government bonds with loans and other riskier assets (Gambetti and Musso, 2017; Albertazzi,
Becker and Boucinha, 2018; Paludkiewicz, 2018; Tischer, 2018). This paper differs from earlier



works to the extent that repo specialness premium plays the key role in prompting portfolio

substitution.

3. Model

I build a continuous-time infinite-period model with risk-neutral agents, in line with Duffie,
Garleanu and Pedersen (2002, 2005). Throughout the remainder of the paper, I will color all
exogenous variables in blue. Table 4 summarizes the definitions of parameters that appear in
the model. Table 5 summarizes random variables. Proofs of all lemma and theorems can be
found in the appendix.

Following Duffie, Garleanu and Pedersen (2002), I fix probability space (£, F, P). T also fix
filtration {F; : ¢ > 0} that is assumed to satisfy the usual conditions of Protter (1990). This
filtration F; models the common information of agents at time t.

There are two assets: government bond and investment-grade corporate bond. The main
intuition would go through with any financial asset that non-banks consider substitutable for a
government bond. I choose an investment-grade corporate bond because non-banks are likely
to consider it the most substitutable asset for a government bond. There is also consumption
good that plays the role of numeraire.

There are four markets: over-the-counter government bond repo market, government bond
dealer-to-dealer (D2D) cash market, government bond dealer-to-customer (D2C) cash market,
and corporate bond cash market. I model the repo market as an over-the-counter market with
search frictions. This modeling approach is necessary because specialness premium can arise
only if the collateral cannot circulate at infinite speed.

My theoretical model features the SC repo market for government bonds. The specific
collateral (SC) market and the general collateral (GC) market are the two main segments of
the repo market. In the GC market, the collateral provider can fulfill its contractual obligation
by delivering any security from a pre-approved list of securities. In contrast, in the SC market,
the collateral provider must deliver the exact asset that its counterparty requires. A need to
obtain specific collateral drives SC repo contracts. In contrast, a need to borrow cash drives
GC repos. Collateral only serves to secure the transaction.

Figure 3 shows the main players in my model. N dealer banks intermediate both the gov-
ernment bond repo market and government bond cash market. Ex-ante identical dealers are
indexed by i € {1,2,..., N}. Similarly, a continuum of non-banks indexed by j is distributed
along the interval [0, m,] with Lebesgue measure ¢,. Each non-bank can be at one of the
four states that I further explain in subsection 3.2. k indexes a continuum of cash investors
distributed along the interval [0, m.] with Lebesgue measure ¢.. For now, I assume that the
probability space (€2, F, P) and investor’s measure space has a Fubini extension a la Sun (2006)
(Duffie, 2017).
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Figure 3: Overview of the Model. D2D market stands for the dealer-to-dealer market.

3.1. Assets

A government bond is a perpetual risk-free bond with a flow of coupon ¢ per unit of time. A
corporate bond is identical to a government bond except that it can default. The default time
is a stopping time 7, with exogenous intensity 7. Default shocks arrive independently across
a continuum of all corporate bonds in the economy. All agents in the economy can borrow or
lend at the exogenous risk-free rate r. Repos mature stochastically with exogenous rate §. This

assumption is needed to make the investor’s problem stationary, as in He and Xiong (2012).

3.2. Non-banks

Non-banks in my model can be most appropriately mapped into insurance companies or pension
funds in the real world. Figure 4 gives an overview of the life cycle of a non-bank. Each non-
bank in the “N” state decides between owning a government bond or an investment grade (IG)
corporate bond. For example, an insurance company regularly re-invest the cash they receive
from their insurance clients. To match a long duration on its liability side, the insurance
company does not want to hold cash for a long time.

A non-bank can buy a government bond from one of N dealers. After the purchase, the
non-bank can generate extra revenue by supplying the purchased bond to the repo market.
Alternatively, the non-bank can buy an IG corporate bond from corporate bond dealers. If the
corporate bond defaults, the non-bank transitions back to the “N” state.

The non-bank can change its investment decision - whether to purchase a government bond

or a corporate bond - in the IG state or the OW state. For example, a non-bank in the IG
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Figure 4: Type Transition Diagram of Non-Bank

state can sell its corporate bond and buy a government bond. However, the type transition
dynamics in Figure 4 follow a continuous-time Markov chain. In a steady state equilibrium,
the non-bank faces the same problem at any point in time. Thus, the non-bank will prefer to
own a government bond over a corporate bond in any of the three states - IG state, OW state,
and N state.

Let W; denote the wealth that the non-bank invests in the risk-free bank account. W; is
the only state variable in the non-bank’s problem. Let V, (W;) denote the value function of
the non-bank at the state o € {N,0,OW,IG}. Let P and P,; denote the prices at which
the non-bank can purchase a government bond or a corporate bond from dealers, respectively.

Equation (1) shows the non-bank’s problem in the N state.
Vn (Wi) = maz {Vow (Wi = P),Vic (W: — Pig)} (1)

3.2.1. Government Bond Owning Non-Banks

The non-bank enters the “OW (owner waiting)” state immediately after purchasing a govern-
ment bond from a dealer: it has long position in a government bond but has not repoed the
bond yet. It immediately starts searching for dealers to repo the purchased bond.

OW non-banks and dealers meet with each other through a pairwise independent random
matching process as in Duffie, Garleanu and Pedersen (2005). Let A, denote the endogenous
search intensity that the OW non-bank chooses. From the perspective of one individual OW
non-bank, its encounter with dealers is a Poisson shock process. The contact time is the first
arrival time of the Poisson process with intensity A,. Let stopping time 7p denote the contact
time. Conditional on the event that a given OW non-bank meets one of the dealers, each
dealer is equally likely to be the non-bank’s counter-party. The matching process is pairwise

independent in the following sense (Duffie, 2017) : for almost every OW non-bank, its matching



process with dealers is independent of the matching process of almost every other OW non-
bank. As in He and Milbradt (2014), all pairwise random matching processes in this model
represent uninsurable uncertainty. Consequently, Poisson shock processes modeling matching
between non-banks and dealers are independent of all other random variables in the model.

The OW non-bank wants to make its search intensity A\, large to monetize repo specialness
premium as soon as possible. Nevertheless, as in Duffie, Malamud and Manso (2009), the
non-bank incurs search cost K ()\,) per unit of time. K (-) is an exogenous function that is
increasing and convex. In addition, K(0) = 0 and K’(0) = 0. Hence, the non-bank chooses its
search intensity that optimally trades-off search cost and delay in monetizing repo specialness
premium.

When the OW non-bank and dealer meet, they determine the specialness premium through
Nash bargaining (Duffie, Garleanu and Pedersen, 2005). The non-bank gives a unit of gov-
ernment bond to the dealer. In exchange, the non-bank receives cash equivalent to P units of
consumption numeraire. I assume zero haircut. The OW non-bank transitions to the O state.

During the lifetime of this repo contract, the non-bank receives cash ¢+ B per unit of time.
As the owner of the bond, the non-bank is entitled to the “manufactured payment” ¢ per unit
of time. B is the specialness premium determined from Nash bargaining.

At rate §, the repo matures, and the non-bank transitions back to the OW state. The dealer
returns the government bond to the non-bank. Let the random variable T denote the length
of the repo contract. The dealer returns to the non-bank cash equivalent to P - e'T units of
consumption numeraire. The dealer compensates the non-bank for forgone interest that the
non-bank could have earned by investing this cash in the risk-free asset.

The lower panel of Figure 5 shows the life cycle of a repo contract between the dealer and
the non-bank.

All investors in my model - dealers, cash investors, and non-banks - have a time-discount
rate equal to the risk-free rate r. The OW non-bank’s problem can be formulated as (2) and
(3). Wy is the bank account of the non-bank at time t. dCy; 4 is a semimartingale consumption

process that the non-bank optimizes. Because the problem is stationary, A,; stays the same

over time.
TD
Vow (1¥3) = sup E: { [ &G+ Vo (Wi + P) 2)
such that: dW; = rWidt — dCy + cdt — K (Xoy) dt (3)

Large repo specialness premium B induces each government bond owner to exert more search
effort. Hence, larger quantities of government bonds are supplied to repo dealers per unit of
time. This modeling choice reflects the observation that as bonds became more special in the
repo market recently, collaterals are circulating in the European repo market faster (see Jank

and Monch (2019) for empirical support). The problem of the non-bank with repo position in
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Figure 5: The Schematics of Repo. The upper panel describes the life cycle of a repo
contract between a dealer and a cash investor. The lower panel describes the life
cycle of a repo contract between a dealer and a non-bank.
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the O state can be formulated similarly.
s
Vo (W) = sup E, [/0 e dCys+ Vow (Wigr, — P-€"™) (4)
such that: dW; = rWidt — dCy + (¢ + B) dt (5)

3.2.2. Corporate Bond Owning Non-banks

The problem of the non-bank owning a corporate bond can be formulated as follows.

7_7] ¢
VIG (Wt) = Slép Et |:/_0 efrsdot—i-s—i_ VN (Wt+7-n + (Z —_ A)):| (6)

r

such that: dW; = rWydt — dC} + cdt (7)

3.3. Cash Investors

The upper panel of Figure 5 describes the life cycle of a cash investor. Examples of cash
investors include hedge funds that want to obtain a government bond for shorting.

The mass of cash investors is exogenously fixed at m.. Cash investors in the CW (“cash
investor waiting”) state want to obtain a government bond for an exogenous reason that I
do not model here. Cash investors search for repo dealers through the pairwise independent
random matching process. Cash investors choose their search intensity A. that balances the cost
of delaying the possession of a government bond and the search effort. The cash investor and
the dealer Nash bargain the specialness premium A, after which the cash investor transitions
to the C state. Cash investors receive exogenous flow benefit b per unit of time until the repo
matures. When the repo matures, the investor transitions back to the CW state. The problem

of a cash investor in the CW state can be formulated as equation (8) and equation (9).

TD
Vew (W5) = sup Ey { / " e dC Vo (Wit - P)] (8)
such that: dW; = rWidt — dCy — K (Ac¢) dt (9)

The problem of a cash investor in the C state can be stated similarly.
75
Ve (Wh) = supE, { / e dCh s + Vew (Wiprs + P 6”6)} (10)
C s=0
such that: dW; = rWidt —dCy + (b—c— A) dt (11)

3.4. Dealers

Equations (12), (13), (14), (15) and (16) show the dealer’s problem. Qf*F and Qf denote

the mass of bonds that the dealer reverse repoed and repoed, respectively. The dealer also

12



outright purchases x; government bonds from the cash market. If x; is negative, the dealer
outright sells bonds. §7% 6% ¢ {0,1} are binary variables that indicate whether the dealer
wants to intermediate the repo market. For example, the dealer serves incoming customers
who want to repo their bonds if and only if 8% = 1. u¢ is the mass of investors of type
o€ {CW,C,OW,0,IG,N} at time t. Figure 6 illustrates the dealer’s activities in the repo

market and in the cash market.

Vo(Wi, Q. QF) = sup Et/ e "dCiys (12)

ORR gR 1 C s=0
such that
1 ~
AW, = rWdt — dCy + OfﬁAc,ufWPdt + AQRdt — 6QIE {eTT} Pdt

' _
= 0" Ao Pdt — BQJMdt + 6Q[E {erT} Pdt + wyedt — Pdz;  (13)

2+ QM > QF (14)
1
dQER = —5QFRat + HﬁRN/\Ou?Wdt (15)
1
dQE = —s5QFdt + GtRN)\CMdet (16)

Equation (13) shows that cash flow for the dealer comes from three sources: repo, reverse
repo, and trade in the cash market. For example, the third, the fourth and the fifth terms
show cash flow related to repo positions. Applying the exact law of large numbers (ELLN)
(Sun, 2006), the mass of cash investors coming to this dealer to obtain a government bond is
%)\cutcw per unit of time almost surely. Each new repo position gives the dealer cash that is
equivalent to P units of consumption numeraire. Hence, the third term %)\cutc WP is the cash
collateral that the dealer receives from new repo positions per unit of time. The fourth term
AQFE is the specialness premium that the dealer collects from outstanding repo positions per
unit of time. The dealer has a continuum of outstanding repo positions. Each outstanding repo
position matures with rate § and independently of one another. By the law of large numbers,
the mass of repo positions that matures per unit of time is §Qf* almost surely. Upon maturity,
the dealer returns the cash plus the interest accrued over the lifetime of the repo.

Cash flow from reverse repo positions can be explained similarly. The last two terms (x;cdt —
Pdzx;) come from trade in the cash market.

Equation (14) implies that in order for the dealer to repo a government bond, the dealer
must either purchase the bond or reverse-in the bond. By application of the exact law of large
numbers, the dealer’s repo position and reverse repo position evolve according to equation (15)
and equation (16) almost surely.

I do not allow dealers to trade corporate bonds in the model. As of the second quarter of

2017, European monetary financial institutions held only 9.56% of the eurozone non-financial
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Figure 6: The Schematics of the Dealer’s Problem

corporate liabilities whose remaining maturity was no shorter than one year.® On the other
hand, insurance companies and pension funds held 41.8% of long-term euro-area non-financial

corporate bonds in the same quarter.

3.5. Agent Mass Dynamics

The value functions of IG non-banks and OW non-banks can be shown to be linearly sepa-
rable in wealth (Duffie, Garleanu and Pedersen, 2005). Hence, let Vig(W;) = Jig + W; and
Vow (W:) = Jow + W;. Non-banks in the N state buy a corporate bond if J;g > Jow and
buy a government bond if J;g < Jow. Non-banks are indifferent between the two options if
Jig = Jow. Per unit of time, let f;o denote the mass of N non-banks that buy corporate
bonds. Similarly, let fow denote the mass rate of N non-banks that buy government bonds.
Then it must be the case that frg = 0 if Jow > Jig and fow = 0 if Jow < Jig.

By the exact law of large numbers, the mass of investors of each type evolve according to
(17), (18), (19), (20), (21) and (22) almost surely. Equation (23) is a restriction that the
total mass of cash investors summed across all types should be m.. Equation (24) is a similar

restriction for non-banks.

d
S = o — o (17)

8The data source is the Securities Holdings Statistics.
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d
" = fow = Ao (18)
d
i =€+ fic (19)
d
i =€ = fic = fow (20)
d
T = oy = dep™ (21)
d
JHE = =oug + Aep" (22)
,Utc + NtCW = Me (23)
pe + A"+l = m (24)

3.6. Nash Bargaining

Nash bargaining between a dealer and a customer (either a cash investor or a non-bank)
determines the repo specialness premia A and B. Let z and 1— z denote the relative bargaining
powers of a dealer and a customer where 0 < z < 1. See Duffie, Garleanu and Pedersen (2007)

for micro-foundations.

3.7. Cash Markets

I model the government bond market as a two-tiered system consisting of the dealer-to-dealer
(D2D) segment and the dealer-to-customer (D2C) segment. The D2D market is assumed to be
a competitive market. In the D2C segment, a non-bank buys a government bond from dealers
at a price equal to the D2D market price. This set-up reflects the actual structure of the
European sovereign bond market (Ejsing and Sihvonen, 2009; Schlepper, Hofer, Riordan and
Schrimpf, 2017), especially the bund market (Huszar and Simon, 2017). I assume the corporate
bond market is a perfectly competitive market in which only non-banks participate.

The outstanding quantity of government bonds is exogenously fixed at S;. n. units of new
corporate bonds are issued per unit of time. Because corporate bonds default in my model,

issuance of new corporate bonds is necessary for analysis of a steady state equilibrium.

4. Equilibrium

In this paper, I only focus on a stationary equilibrium in which the agent masses and market
prices do not change over time. Let superscript ¢ imply that the variable is associated with
dealer ¢ € {1,2,...,N}. When defining an equilibrium, I do not consider the equilibrium
consumption decisions of agents. This approach is without loss of generality because all agents

are risk-neutral with the discount rate equal to the risk-free rate.
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A continuum of ex-ante identical bond owners faces the same stationary problem. Let A,
denote the search intensity of non-bank j at time t. Similarly, let A.;; denote the search
intensity of cash investor k at time ¢. There are constants A, and A. such that X\, ;; = A, for
Vj,t and A = Ac for Vi, t.

Definition 1. Let p = (pow, po, pew, e, pia) and V.= (Vow, Vo, Vew, Ve, Via, Vn) . An
equilibrium consists of investor masses p, investor value functions V', market prices (A, B, P, P;g),
search intensities (Ao, Ac), dealer’s willingness to intermediate the repo market (GZRR, 013)1’:1 N
and non-bank’s bond purchase rate (fra, fow) such that:

(1) Each OW non-bank chooses search intensity A\, that solves the problem (2) and (3). Each
CW cash investor chooses the search intensity A, that solves the problem (8) and (9).

(2) Investor masses evolve according to (17), (18), (19), (20), (21) and (22) almost surely.

(8) Non-bank’s bond purchase rate in the N state is incentive compatible. frg = 0 if Vo >
Vig and fow =0 if Vow < Vig.

(4) Investor’s value functions V' are defined by (1), (2), (3), (5), (6), (7), (8), (9), (10),
(11), (12), (13), (14), (15) and (16).

(5) Market clearing for the corporate bond market: pl¢=

ne
,r) .
(6) Market clearing for the government bond market: uo + u®" + Zfil xp =9

(7) Dealer’s intermediation in the repo market is incentive compatible. 0ff and 0} solves
the dealer’s problem (12), (13), (14), (15) and (16).

I assume that the total mass of non-banks m,, equals the combined sum of outstanding quan-
tities of corporate bonds and government bonds. That is, m,, :”76 +S5y. Hence in equilibrium,
the risk-neutral non-bank must be indifferent between owning a government bond and owning
a corporate bond. If the non-bank strictly prefers owning a corporate bond over owning a
government bond, then there is excess demand. If the non-bank’s preference is the other way
around, then there is an excess supply in the corporate bond market. This modeling assump-
tion is mainly for simplicity. The same intuition holds even if I relax this assumption, but with

much more complex algebra.

Theorem 1. Unique stationary equilibrium. A unique stationary equilibrium exists. The
repo specialness premia (A, B), the search intensities (Ao, Ac) and the government bond price P
are determined by (25), (26), (27), (28) and (29). The corporate bond price P, is determined

by (30).

b—c—A+K) =K' A+ A +0) (25)
B+ K(\) =K'(\)(r 4+ Mo +9) (26)
A=z{K(\)+b—c}+(1—2)(rP—c) (27)
B=—z-K(X)+ 1 —-2)(rP—c) (28)

Ae _ne Ao
mcémc_(m" n)5+Ao (29)
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PC:E—(I—A) c-n B+KXo)r+d+z-X 1
r r(r+mn) 1—=2 r+d+X T4+7n

Proof. See section B.1. O

(30)

Equations (27) and (28) are consistent with Duffie, Garleanu and Pedersen (2002). Let
1 = rP — c. It can be shown that v is positive in equilibrium. % can be interpreted as the
premium that investors are willing to pay for purchasing a government bond. v is increasing
in repo specialness premia A and B. When repo specialness premia are large, the government
bonds appreciate to reflect potential opportunities to make extra revenue from the repo market.

Equation (30) shows that the corporate bond price in my model can be decomposed into three
parts. The first term is the present value of future coupon payments promised. The second
term is a discount due to the credit risk of the corporate bond. The third term captures the
portfolio rebalancing effect. The size of this term is increasing in the repo specialness premium
B. If government bonds are more special in the repo market, the portfolio rebalancing of
non-banks causes corporate bonds to become more expensive. The size of this term is also
increasing in the search effort cost K (\,). Larger search frictions in the repo market imply that
it is costlier for non-banks to monetize repo specialness premium. Thus, owning a government

bond is less attractive for non-banks.

4.1. The Impact of the PSPP

Koijen, Koulischer, Nguyen and Yogo (2018) shows that most transactions under the PSPP
took place between the Eurosystem and foreign institutions that did not have access to the
central bank deposit facility. When foreign financial institutions sell government bonds to
the Eurosystem, they are credited with unsecured deposits at European banks (Coeuré, 2017).
However, they do not like having large quantities of cash parked as unsecured deposits due
to their risk management practices. Thus, they subsequently invest their cash in short-term
European government bonds or the GC repo market (Mersch, 2017). Foreign financial insti-
tutions investing their cash get government bonds in return. Thus, they can be mapped into
cash investors in my model.

To understand how the PSPP impacts asset prices, I see how the solution to my model

changes as m. (the cash investor mass) increases and m,, (the non-bank mass) decreases.

Theorem 2. The Impact of the PSPP on Asset Prices. Let 6 = %’: Then %P <0
and %Pc < 0.

Proof. See section B.2. O

The marginal impact of the PSPP on the repo market is to create excess demand for collateral.
The equilibrium specialness premia A and B increase so as to equate demand and supply again.
While the OW non-banks search for dealers more intensely, cash investors search for dealers

less intensely. The PSPP can affect the revenue that dealers can make in the repo market
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in two ways. First, larger specialness premia imply that dealers can earn more revenue for
each repo transaction with cash investors. Second, because cash investors search for dealers
less intensely, dealers enter repo transactions less frequently. This effect reduces each dealer’s
revenue. Nevertheless, for an arbitrary increasing and convex search cost function K (-), I show
that dealers that own government bonds are expected to earn more revenue in the repo market.
As a result, dealers may be willing to pay more in the cash market to own government bonds.

Since dealers charge non-banks more for government bonds, without any change in the corpo-
rate bond price, non-banks substitute for government bonds with corporate bonds. Corporate

bonds appreciate to clear the market.

4.2. The Impact of the Securities Lending Facility

Now I consider a hypothetical scenario in which the Eurosystem operates a securities lending
facility akin to the reverse repo facility of the Federal Reserve. That is, the Eurosystem repos
government bonds to cash investors. In my model, the operation of this facility will reduce the
value of m. - the mass of cash investors that try to obtain government bonds in the private

market. Consequently, by theorem 2, both government bonds and corporate bonds appreciate.

4.3. Welfare Analysis of the Securities Lending Facility

I do not consider the cash market transaction of the PSPP. Instead, I take as given the cash
market transactions under the PSPP. I study how the welfare changes with respect to the
quantity of government bonds that the Eurosystem directly repos to cash investors. Suppose
cash investors of mass x obtain government bonds directly from the facility without incurring
any search cost. The remaining cash investors of mass m. — x obtain government bonds from
the private repo market.

Because all investors in my model are risk-neutral, any monetary transfer between investors
(e.g., repo specialness premium) is irrelevant for welfare analysis. 1 also assume that the
central bank is risk-neutral. Hence, the specialness premium at which cash investors reverse-in
government bonds from the securities lending facility is also irrelevant for welfare analysis.

For welfare analysis, allocative efficiency and search cost are relevant. Equation (31) shows
my measure of social welfare as a function of x. The first term is allocative efficiency. The
more cash investors obtain government bonds, the more they get the flow of benefit b per unit
of time. The second term is the search effort cost of OW non-banks per unit of time. The third
term is the search effort cost of CW cash investors per unit of time. Agent masses and search

intensities vary with respect to x.

W(w) =b{a+uC (@)} = 1 (@) Ko (2) = 1 (@) K(\e (2)) (31)

Theorem 3. Suppose the mass of government bond owners is larger than the mass of cash

investors. pOW + pu@ > W + uC. The social welfare W (z) is increasing in x.
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Proof. See section B.3. O

The security lending facility improves allocative efficiency. Since fewer cash investors try
to obtain government bonds from the private repo market, repo specialness premia A and
B decline. Consequently, each OW non-bank reduces its search effort while each CW cash
investor exerts more search effort. With arbitrary convex and increasing search cost function
K (+), reduction in search cost of non-banks and improvement in allocative efficiency dominate

increase in search cost of cash investors.

5. Numerical Example

I calibrate the parameters of my theoretical model using the data as of June 1, 2016. I set unit
of time equal to a year. One unit of government bond is equal to bonds with face value of 1
billion euros. For numerical exercises, I add another free parameter pp. If the OW non-bank
chooses the search intensity parameter Ap, it is matched to dealers at the rate upAp. Similarly,
the CW cash investor that chooses the search intensity A. is matched to dealers at the rate
D Ac.

For numerical calibration purposes, government bonds in my model can be mapped to long-
term German federal government bonds. I match the risk-free rate r to the overnight index
swap (OIS) rate with 30 years tenor. Since I have perpetual bonds in my model, I choose the
OIS rate with the longest tenor possible. I match the mass of non-banks holding government
bonds p© + p®W to the Securities Holdings Statistics data. Entities other than the central
bank held 740.6 billion euros of German general government debt whose remaining maturity is
no shorter than 1 year.

I set the non-pecuniary benefit of obtaining government bond b so that repo specialness
premium in my model can be at least as large as the maximum specialness premium observed
in the data. Large specialness premia observed in data imply that the opportunity cost of not
obtaining German government bonds is very large, at least for a subset of investors.

I allow non-banks and cash investors to have different cost functions. I parameterize the
non-bank search cost function as K(\) = k, - \*. I parameterize the cash-investor search cost
function as K(\) = k.- A“. All the other parameters are set to match the trading volume
in BrokerTec, bid-ask spread in European repo”, 30-year German federal government bond
yield and 30-year European investment grade corporate yield. Because perpetual bonds do not
exist, I use the Bloomberg yield curves at the longest remaining maturity possible. Table 4
summarizes the parameter values used for the numerical calibration.

I see how solutions to my model change as the PSPP withdraws government bonds from

circulation in the market. If the Eurosystem purchases z units of government bonds, m,, in

9According to Hill (2015a), the bid-ask spread for government bond term repo in Europe is around 7 basis
points.
10This value is in line with Heynderickx, Cariboni, Schoutens and Smits (2016).
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Parameter | Value | Parameter Value Parameter | Value
r 0.962% c 0.03 a 2.5
2 0.1 b 4.5% ALY 0.4
1135) 10 Mg 450 n 0.065
ko 10793 ke 5x 10723

Table 1: Parameter Values for the Numerical Calibration

my model decreases by x. At the same time, m,. increases by x. Figure 7 shows the result,
confirming theorem 2.

The government bond price and the corporate bond price in my model deviate from the
expected value of future coupon payments entirely because of search frictions in the repo
market. To check this intuition, I see how solutions to my model change with respect to the
constant k, that enters the search cost function of a non-bank. I fix the ratio of the search cost
parameter k. of a cash investor to that of a non-bank. Figure 8 shows the result.

Figure 8 shows that as the search cost asymptotically diminishes to zero, the specialness
premium B converges to zero. Both the government bond price and the corporate bond price
converge to the simple expected value of future coupon payments.

This result also implies that any regulation that impacts the collateral velocity and search
frictions in the repo market can impact bond prices and, hence, potentially corporate financing

costs.

6. Data

My sample period is from March 1, 2014 to February 29, 2016. I stop my analysis on February
29, 2016 because the Eurosystem announced its plan to purchase corporate bonds under the
Corporate Sector Purchase Program (CSPP) in March 2016. I do not want the CSPP to affect
my empirical analysis.

For government bonds, I consider debt instruments issued by the German federal government.
During the PSPP period, the specialness premium of German government bonds was larger than
that of any other European sovereign bond. I exclude inflation-linked bonds and Bund-Laender-
Anleihe that is jointly issued by the German federal government and state governments. ! I
remove bonds if their remaining maturity is shorter than 15 days: bond prices tend to become
very volatile if their remaining maturity gets closer to zero. I also remove bonds that are
issued less than eight days before for a similar reason. I remove data on days that are close to
quarter ends.'? On quarter ends, banks tend to scale back their repo intermediation business to
window-dress their balance sheets for regulatory purposes. Consequently, repo rates fluctuate

very widely around reporting days.

HGee the website of the German finance agency for more information.
12T remove data on days between March 25 and April 5, between June 25 and July 5, between September 25
and October 5, and between December 25 and January 5.
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Figure 7: The Impact of PSPP on Asset Prices. The graph shows how the solutions
to my model change as the PSPP withdraws government bonds from circulation in
the private market. The midpoint on the left-most panel is the average of two repo
specialness premia A and B. According to the ECB website, total 191 billion euros
of German securities have been purchased by May 31, 2016 under the PSPP. This
number includes not only the debt instruments of the German federal government but
also those of regional governments and recognized agencies. Until December 2016,
debt instruments were eligible for purchase only if their remaining maturities were
no shorter than two years. The Eurosystem does not disclose how this number is
broken down into different maturity buckets. Nevertheless, before December 2016,
the Eurosystem was not allowed to purchase bonds with yields to maturity lower
than the deposit facility rate. Thus, the majority of bonds held under the PSPP as
of June 1, 2016 is likely to have been long-term bonds.

For corporate bonds, I consider all euro-denominated corporate bonds that appear on the
Bloomberg Terminal during my sample period. I only consider bonds with fixed coupon pay-
ments. I only consider bullet bonds, as opposed to amortizing bonds. I download yields to
maturity data and OIS data from Bloomberg.

Repo transaction data is from BrokerTec, an electronic platform on which the majority of
interdealer German SC repo is traded (EMMI, 2017). I only use the transactions with tenor
Spot-Next (SN), the most commonly observed tenor on BrokerTec. SN tenor implies that
collateral and cash are exchanged two business days after both parties agree on the terms of
the transaction. The collateral and cash are returned after another business day.

Specialness premium is defined as the Euro Overnight Index Average (EONIA) rate minus

repo rate. Table 2 summarizes data.
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Figure 8: The Impact of Search Cost on Asset Prices. The graphs show how the solutions
to my model change with respect to the search cost parameters k, and k.. The
search cost functions of the non-bank and the cash investor are ko Ay and k.\&,
respectively. The ratio of k, to k. is kept constant at 20. The panel furthest left
is the specialness premium B at which the non-bank repos government bonds to
bank dealers. The remaining two panels show the impact of search cost on the bond
yields. The benchmark yields are what would be observed in a model without any
search frictions. The benchmark government bond yield is the risk-free rate r. The

benchmark corporate bond price is £ — (1 — A) %, the first two terms in (30). The

vertical axis in the middle panel and the right panel show the model-implied yields
minus the benchmark bond yields.

7. Empirical Strategy

The goal of my empirical analysis is to measure the impact of bund repo specialness premia on
euro-denominated corporate bond yields. See Table C for the list of definitions of symbols in

this section.

7.1. Baseline Specification

The reduced-form empirical specification for my analysis is (32). Each corporate bond is
indexed by 7. y;; is the yield-to-maturity of corporate bond 7. I include the corporate bond-
level fixed effect term «; to capture bond-specific credit risk premium. I include the linear time
trend term + - ¢ in case variables are persistent. OIS;; is the overnight index swap (OIS) rate
with the tenor identical to the remaining maturity of corporate bond 7. This term captures the
sum of the expectation hypothesis component and the term premium component.

Qi is the aggregate outstanding amount of all euro-denominated corporate bonds with the
same credit rating as corporate bond ¢. I include this term to control for the scarcity effect.
Investors may have non-satiated demand for AAA corporate bonds, for example, due to reg-

ulations. Then yields on all AAA corporate bonds are positively related to the quantity of
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Variable Mean | Standard | Max Min | Observations
Deviation

Amount Issued of Bunds (Billions | 17.179 4.564 26 0.750 27,851

of Euros)

Spot-Next Repo Rate of Bunds (%) | -0.147 0.167 0.501 | -1.487 27,847

Residual Maturity of Bunds (years) | 7.043 7.704 32.455 | 0.041 27,851

Amount Issued of Corporate Bonds | 0.727 0.935 8 0.0012 908,046

(Billions of Euros)

Yield-to-Maturity of Corporate | 1.350 1.040 17.070 | -1.651 926,552

Bonds (%)

Residual Maturity of Corporate | 7.649 4.164 29.997 | 0.085 926,552

Bonds (years)

Table 2: Summary Statistics

AAA corporate bonds. Krishnamurthy and Vissing-Jorgensen (2012a) show the existence of
this effect for the case of the U.S. Treasury market.

Yit = ; +v -t + Bo- OISy + Bg - Qit + Bs - it + €3t (32)

The main explanatory variable is s;;, the repo specialness premium of bunds with the same
remaining maturity. I compare a bund and a corporate bond with the same remaining matu-
rity because the portfolio rebalancing effect is likely to be the strongest in such cases. Some
investors have demand for debt instruments with specific maturities. For example, insurance
companies want to match the duration of their assets and liabilities. Thus, if bunds with spe-
cific maturities become expensive, those investors are likely to look for alternative bonds with
similar maturities.

Simple Ordinary Least Squares (OLS) estimate of (32) cannot identify the main coefficient of
interest s due to simultaneity bias: the bund repo specialness premium s;; and the corporate
bond yields y;; are jointly determined in equilibrium. Thus, I need to instrument bund repo

specialness premia.

7.2. PSPP Implementation Rule

Because I use the implementation rule of the PSPP to construct my instrumental variable, I
summarize the details of the PSPP in this section. The PSPP has a very clear rule on how to
allocate aggregate purchase quantity across individual securities that are eligible for purchase.
This rule was articulated from the start when the PSPP was first introduced in 2015. Although
the rule has been updated several times over the course of the PSPP, most parts of the rules
remained largely unchanged. 1 briefly summarize the rule as of March 4, 2015 below. See

section E for a full summary.'?

3Decision (EU) 2015/774 of the European Central Bank of 4 March 2015 on a secondary market, public sector
asset purchase programme (ECB/2015/10).
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On March 4, 2015, the Eurosystem announced that it would expand the monthly net pur-
chase under its asset purchase program from 10 billion euros to 60 billion euros. Prior to this
announcement, the Eurosystem already had been running the Asset-Backed Securities Pur-
chase Program (ABSPP) and the Covered Bond Purchase Program 3 (CBPP3). An extra net
purchase of 50 billion euros was expected to come from the creation of the PSPP under the
umbrella of an “expanded” Asset Purchase Program (APP).

Debt instruments issued by central governments in the euro area were eligible for purchase. In
addition, debt instruments of recognized agencies, international organizations, and multilateral
development banks were also eligible. 88% of the aggregate purchase - 44 billion euros per
month - was to be made for debt instruments of central governments and recognized agencies.

44 billion euros were, in turn, distributed among member countries according to their capital
keys. The capital key of a member country is the average of its GDP share and population share
in the eurozone. For example, since the capital key of Germany was 25.7% in March 2015, the
allocation for debts of the German central government and German agencies is 44 billion euros
x 25.7% = 11.308 billion euros per month. 11.308 billion euros are, accordingly, distributed
across eligible individual debt instruments in proportion to their outstanding amounts.' This
rule is called the market neutrality rule.

There are other rules that govern the purchases by the Eurosystem.

1. Limit on yield-to-maturity (YTM): The Eurosystem is not allowed to purchase
bonds with yields below the deposit facility rate at the time the purchase is made.

2. Issuer limit: The Eurosystem is not allowed to purchase more than 33% of the to-
tal outstanding debt instruments issued by one entity (e.g., the central government of

Germany).

3. Issue (ISIN) limit: The Eurosystem cannot purchase more than 25% of outstanding

amounts of any individual security.
4. Currency denomination: The security must be denominated in euros.

5. Remaining maturity: The remaining maturity of a bond should be between 2 years

and 31 years.

6. Eligibility for monetary operations of the Eurosystem: The security must comply
with the rules outlined in Guideline of the European Central Bank of 20 September 2011
on Monetary Policy Instruments and Procedures of the Eurosystem. For example, the
security must have a credit rating above a certain threshold, which is not an issue for

German federal government bonds.

7. Blackout period: The Eurosystem can purchase bonds from the secondary market only

a certain number of days after the date of issuance. In addition, bonds with maturities

14See the ECB website https://www.ecb.europa.eu/mopo/implement/omt/html/pspp-qa.en.html.

24


https://www.ecb.europa.eu/mopo/implement/omt/html/pspp-qa.en.html

close to the newly issued ones are also temporarily ineligible for purchase during the

blackout period.

8. Flexibility (Coeuré, 2015): The Eurosystem reserves the right to deviate from the
market neutrality rule if necessary. For example, to avoid exacerbating severe frictions
in the market, the Eurosystem may avoid purchasing bonds that are extremely special
in the repo market. Nevertheless, Arrata, Nguyen, Rahmouni-Rousseau and Vari (2018)
documents that the Eurosystem largely followed the market neutrality rule initially pro-

posed.

7.3. Instrumental Variable

Theory suggests that repo specialness premia should increase if there is a negative exogenous
shock to the supply of collateral - government bonds. Hence, any exogenous shock to supply
of collateral can be used to instrument repo specialness premia. I use the PSPP to construct
a time series of negative supply shocks.

Let @, j+ denote the cumulative quantity of government bond j that the German finance
agency auctioned to the market as of day t. Let Qpsppj: denote the cumulative quantity of
government bond j that the Eurosystem purchased under the PSPP by day t. Then Fj; =
Qo,j,t—Qpsppy is the free float, the quantity of government bond j that is still held by investors
other than the Eurosystem. Unlike Coeuré (2018), I do not subtract the quantity held by the
foreign official sector. Since the Eurosystem does not actively supply the purchased bonds to
the repo market, the free float Fj; is a rough measure of the supply of government bond j to
the repo market. If Qpspp i+ is exogenous, I can use Fj; to instrument repo specialness premia
Sjt-

Nevertheless, the YTM restriction may cause the quantities purchased by the Eurosystem
Qpsppjt to become potentially endogenous. If an omitted variable causes government bond
yields and corporate bond yields to move together, the quantity of government bonds that the
Furosystem purchased can be correlated with the omitted variable too. Joint movement in
corporate bond yields and bund repo specialness premia can induce endogeneity in a similar
manner.

To mitigate endogeneity concern, I simulate counter-factual purchasing decisions of the PSPP
had the Eurosystem operated with only exogenous rules. By exogenous rules, I mean rules that
do not rely on yields and repo specialness premia. I also ignore the blackout period rule and
the flexibility rule because I do not have information on their details. Let Q psppyt denote
the cumulative quantity of bond j that the Eurosystem would have purchased by day ¢ in this
counter-factual scenario.

As the Eurosystem accumulates holdings of government bonds over time, a subset of bonds
inevitably becomes ineligible for purchase, for example, due to the issue limit constraint. Then
following Boermans and Keshkov (2018), I assume that the Eurosystem spreads the aggregate

purchase quantity over the remaining eligible bonds in proportion to their outstanding amounts.
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On the supply side, @, j: can also be endogenous. First, the German finance agency'®
might be determining issuance schedule strategically. The German finance agency auctions
each bond to the market through multiple auctions that spans several months. The agency
might be tailoring its auctions to movements in repo specialness premia. Second, investors
might be bidding in the auction strategically, too. For example, investors might bid more or
less aggressively based on their observation of repo rates. Then the final volume of bonds
auctioned off to the market may be endogenous.

To mitigate endogeneity, I assume that the agency sells to the private market 100% of its
intended issuance volume at the first auction date. For example, suppose the agency initially
planned to issue 10 billion euros of bond X. It planned to auction 6 billion euros of this bond
on day 1 and 4 billion euros on day 2. Suppose bidders were not aggressive, so only 5.7 billion
euros and 2.7 billion euros were allotted on day 1 and day 2, respectively. I assume that the
entire 10 billion euros of this bond X were sold on day 1. Let Qom denote the outstanding
quantity of bond j on day ¢ in this counter-factual scenario.

I compute the counter-factual free float of bond j as F it = QO,N — Q pspp,jt- The time series
Fj,t is based on information such as total outstanding quantities, original maturities and initial
issuance date of government bonds. Fj,t can be constructed based on the debt issuance strategy
of the German federal government. Compared to other eurozone countries, the German federal
government is less likely to be strategically responding to day-to-day fluctuations in yield
curves. In December of each year, the German finance agency announces issuance schedules
of all federal government bonds in the next year.' The schedule outlines how much of each
individual security will be auctioned on each day of the year.

I use F )t to construct a new variable L;; that instruments repo specialness premia s;;. The
definition (33) is based on the local supply measure in Cahill, DAmico, Li and Sears (2013). The
local supply measure takes into account the fact that bonds with similar remaining maturities
are close substitutes for each other. For example, suppose German government bond with 9.9
years of remaining maturity is particularly scarce, much more so than bonds with 10.1 or 9.8
years of remaining maturity. Then hedge funds seeking to short long-term bonds might as well
search for a 10.1-year or 9.8-year bond instead of a 9.9-year bond. Consequently, the circulation
quantity of 9.9-year bond alone is not sufficient to explain the repo rate of the 9.9-year bond. I

need to consider the circulation quantity of all bonds with maturities close enough to 9.9 years.

g _ c
‘mj,t myy

A 1
Li,t = Z Fj,t max 1, 5 1
J

(33)
mf,t

In (33), mit denotes the remaining maturity of government bond j on day . mjg, denotes
the remaining maturity of corporate bond i on day ¢. L;; is the weighted sum of free floats of

all German federal government bonds outstanding on day ¢. The weight is decreasing in the

https://www.deutsche-finanzagentur.de.
16See the website for example.
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absolute difference between the remaining maturity of government bond j and that of corporate
bond i. The weight is parameterized as a triangular function, following Cahill, DAmico, Li and
Sears (2013). I set § = 0.7.17

7.4. 2SLS Specification

The first-stage and the second-stage specifications are (34) and (35), respectively. §;; is the

fitted value of s;; from the first-stage regression.
sit = a1 + 71 -t + Bro- OISy + Big - Qit + Bir - Lit + €14t (34)

Yit = a2 +y2 - t+ Boo - OISi + Pag - Qir + Pas - Sit + €2t (35)

8. Empirical Results

Table 3 shows two-stage least squares (2SLS) estimation of (32). I run regressions separately for
each category of credit rating. For example, the first column is based on all euro-denominated
corporate bonds with S&P credit rating of AAA.

The instrument L;; is strongly correlated with the main explanatory variable s;; in all of the
five specifications. The F-statistic for the test of significance of 81, in the first-stage regression
is always larger than 10.

Nevertheless, the main coefficient of interest fo is estimated to be significant only for credit
ratings of AAA, AA and A. This result is in line with theoretical prediction. The repo spe-
cialness effect is likely to show up most strongly for corporate bonds with high credit ratings.
Non-banks such as insurance companies are likely to consider AAA-rated corporate bonds and
German federal government bonds fairly substitutable for each other. On the other hand,
speculative-grade corporate bonds and German federal government bonds are less likely to be
considered substitutable for each other.

For A or better-rated corporate bonds, the coefficient Sy5 is estimated to be negative. As
bund becomes more special in the repo market, the portfolio rebalancing causes corporate bond
yields to decline.

Taking parameter values from Table 3, I estimate how corporate bond yields would have
moved if there were no bund repo specialness premia throughout the sample period. My
2SLS estimation implies that an increase in bund repo specialness premia by 1 basis point is
associated with a decline in 9-year A-rated corporate bond yields by 1.731 basis points. Let
Yoyrt denote the 9-year A-rated corporate bond yield on day ¢. Let sgy,; denote the repo
specialness premium of a 9-year bund on day t. Then ygy,; + 1.731 - sgy,; is my estimate
of 9-year A-rated corporate bond yield in a hypothetical world without bund repo specialness

premia.

17Cahill, DAmico, Li and Sears (2013) set = 0.5.
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Dependent Variable: Corporate Bond Yield y;:

AAA AA A BBB Speculative
Sit —2.479*** —2.967** —1.731%** —2.160 —1.073
(0.880) (0.726) (0.521) (1.944) (10.23)
OIS 1.199*** 1.300*** 1.360*** 1.204*** 0.170
(0.042) (0.043) (0.034) (0.099) (0.639)
Qit 4.627*** 1.890 —8.427*** —18.37*** —182.5%**
(1.036) (2.049) (1.301) (2.156) (42.59)
t —0.0013** 0.0005 0.0043*** 0.0074** 0.0104***
(0.0007) (0.0005) (0.0004) (0.0005) (0.0024)
Error Cluster Bond Bond Bond Bond Bond
Time Time Time Time Time
R? 0.789 0.661 0.699 0.243 0.124
Observations 209,903 107,920 257,225 266,153 40,367
First-stage 17.84 44.45 53.21 29.17 20.42
F-statistic of
excluded
instruments
Frequency Daily Daily Daily Daily Daily

Table 3: The Effect of Bund Repo Specialness Premia on Corporate Bond Yields.

The table shows two-stage least squares (2SLS) estimation of the effect of bund repo
specialness premia on corporate bond yields. The first-stage model is s;; = ao; +
Yo -t + Boo - OISy + Pag - Qit + Por - Lit + €24. The second-stage model is y;; =
a1 +71 14 Pro-OLSi+ f1Q - Qit+ Pis- Sit + €14t~ Yir is the yield-to-maturity of corporate
bond i on day t. OIS;; is the overnight index swap (OIS) rate at the tenor equal to
the remaining maturity of corporate bond 4. s; is the repo specialness premium of
German federal government bond (bund) with the remaining maturity identical to
that of corporate bond ¢. If no such OIS rate or German federal government bond
exist, a nonparametric regression or an interpolation is used to impute the value.
Bund repo specialness premium s; is instrumented with L;;, the weighted sum of
the free floats of bunds. The weight is decreasing in the absolute difference in the
remaining maturities of the bund and the corporate bond i. See equation (33) for the
definition of L;. Q) is the total outstanding quantity of euro-denominated corporate
bonds with S&P credit rating identical to that of corporate bond i. The unit of
Qi+ is trillions of euros. Repo specialness premium is defined as the Euro OverNight
Index Average (EONIA) rate minus the repo rate at Spot-Next tenor. Standard errors
are in parentheses and are clustered two-way by corporate bonds and time. *, **
and *** indicate that the coefficient is statistically significant at 1%, 5%, and 10%,
respectively. The sample period is from March 1, 2014 to February 29, 2016. The
first-stage F statistic of the excluded instrument is the F test of the significance of 31,
in the first-stage regression (34).
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Figure 9: Counter-factual Time-Series Evolution of 9-Year A-Rated Corporate Bond

Yields. The figure plots the time series evolution of A-rated euro-denominated
corporate bond yields with residual maturity of 9 years. On each day during my
sample period, I start with the universe of all euro-denominated A-rated corporate
bond yields outstanding on that day. I run a Nadaraya-Watson kernel regression of
yields-to-maturity on remaining maturity to estimate yields on a hypothetical A-rated
bond with remaining maturity exactly equal to 9 years. The orange line is the plot of
this estimation. Using the estimate from Table 3 and the observed time series of bund
repo specialness premium, I estimate what the 9-year A-rated corporate bond yields
would have been if the bund repo specialness premia were zero. The blue line shows
the time-series of 9-year A-rated corporate bond yield in this hypothetical scenario.
The two green lines show the 95% confidence interval around the orange line.
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The orange line in Figure 9 shows that the actual 9-year A corporate bond yield declined by
95.7 basis points from March 3, 2014 to February 29, 2016. The blue line shows how the yield
would have looked like if there were no bund repo specialness premia. I estimate that 31.9
basis points of the 95.7 basis points decline in 9-year A-rated corporate bond yield are related
to the repo specialness effect. In section G of the appendix, I complete similar exercises for
AAA-rated and AA-rated corporate bonds.

9. Discussion

9.1. The Repo Specialness Channel in Other Settings

I only present evidence of the transmission of the repo specialness premia of government bonds
to investment grade corporate bond yields in this paper. Nevertheless, there is anecdotal
evidence that in response to recent depression in euro-area government bond yields, European
insurance companies increased the purchase of sub-sovereign and agency (SSA) bonds (AXA,
2016). Some insurance companies and pension funds have started investing in risky properties
(Canepa, 2017). Such portfolio rebalancing behavior would cause those assets (e.g., SSA bonds)
to appreciate.

The transmission can happen not only through insurance companies and pension funds but
also through any financial institution that faces frictions in their use of the repo market. For

8 on money market funds does not allow funds to repo more

example, new European regulation'
than 10% of their assets.

Another example is small banks. Small banks that are not members of CCPs participate
in the repo market indirectly through large bank dealers. Small banks do not have a large
flow of repo transactions that justify the fixed cost of becoming members of CCPs (ICMA,
2015). Hence, just like non-banks in my model, they incur extra costs such as search costs or
relationship costs. As repo specialness premia cause government bond yields to become even
lower, small banks are likely to substitute for government bonds with risky assets such as loans
to firms. In fact, inducing the banking sector to substitute for government bonds with riskier
corporate loans is an important channel that the Eurosystem had in mind in the context of the
PSPP (Cceuré, 2015). Repo specialness premia on government bonds amplify this channel.

Once yields on investment-grade corporate bonds decline, there can be knock-on effects on
firms that do not have access to the capital market. For example, as yields on investment-
grade corporate bonds decline, firms with access to the capital market can substitute bank
loans with corporate bonds. As a result, banks have more lending capacity available. Banks
can subsequently use that capacity to make loans to firms that do not have access to the bond
market. Grosse-Rueschkamp, Steffen and Streitz (2017) identified this channel for the case of
the Corporate Sector Purchase Program (CSPP).

18See Regulation (EU) 2017/1131 of the European Parliament and of the Council of 14 June 2017 on Money
Market Funds.
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9.2. Investment Behavior of Insurance Companies and Pension Funds

Insurance companies and pension funds are buy-and-hold investors. When they write new poli-
cies, they receive cash from policy subscribers. To match the long-duration of their liabilities,
they purchase long-term fixed-income assets, such as government bonds or corporate bonds.
Once purchased, those bonds are often held until maturity.

The Securities Holdings Statistics data shows that the holdings of euro-denominated invest-
ment grade corporate bonds by the insurance sector declined recently. Nevertheless, much of
that decline is due to the redemption of bonds that insurance companies purchased a long
time ago (Davies and Hetland, 2017). If one looks at how insurance companies invest cash
that they get from new underwritten policies, there has been a shift from government bonds

to investment-grade corporate bonds (Davies and Hetland, 2017).

9.3. Fiscal Implication

An increase in the repo specialness of government bonds can help the government to issue
its bonds more cheaply in the primary market. This effect is likely to have been particularly
relevant to the governments of the two largest euro-area economies - France and Germany -
during the PSPP period. Of the government bonds of the seven largest eurozone economies,
the French and the German bonds were most special in the repo market (Arrata, Nguyen,
Rahmouni-Rousseau and Vari, 2018). At the same time, both the French and the German
governments rely on primary dealers to issue their bonds.'” Primary dealers are banks that
can actively repo their government bonds once acquired. Therefore, primary dealers may be
willing to bid higher prices for purchases of government bonds that are on special in the repo
market. Their more aggressive bids could have helped to lower the financing costs of the French

and the German governments.

9.4. The Allocative Efficiency

An increase in the repo specialness of government bonds through the scarcity of available bonds
can have an adverse impact on the allocative efficiency of both the bond market and the repo
market. Specialness reflects heightened search frictions in the repo market. That is, collateral
providers and cash investors are not matched to each other efficiently. The inefficiency arises
because the bonds stay with the less efficient users of these bonds (collateral provider) instead
of the more efficient users (cash investors).

Besides, dealers in the bond market often deliver bonds to their customers by reversing-in
the requested bonds from the repo market (ICMA, 2015). Larger search frictions in the repo

market imply that dealers may not be able to obtain the bonds promptly. Thus, search frictions

19 According to the website of Agence France Trésor, “The principal method of issuing French government
securities since 1985 has been” bid price auctions in which primary dealers participate. According to the
website of the German Finance Agency, more than 90% of the bunds are auctioned to primary dealers.
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in the repo market, signaled by large specialness, can also interfere with the matching of buyers
and sellers of the bond.

10. Conclusion

The repo specialness of government bonds can magnify the impact on corporate bond prices of
a central bank’s government bond purchases. The specific case of the Public Sector Purchase
Program (PSPP) of Europe motivated this paper. Unlike the Bank of Canada or the Federal
Reserve System of the United States, the Eurosystem did not supply back most of the bonds
that it purchased under the PSPP. The repo specialness premium cause government bonds to
become more expensive in the cash market. As a result, non-banks substitute for expensive
government bonds with investment-grade corporate bonds, thereby allowing firms to finance
themselves more cheaply. Yields on 9-year A-rated euro-denominated corporate bonds dropped
by 95.7 basis points from March 3, 2014 to February 29, 2016. I estimate that 31.9 basis points

of this drop are associated with the repo specialness effect.
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A. List of Parameters and Variables in the Theoretical Model

Table 4: The list of parameters used in the model

Parameters Meaning Exogenous?

The rate at which repo matures Y

n The rate at which a unit of corporate bond expires
r The risk-free rate Y
Ao Search intensity of OW non-bank N
Ac Search intensity of CW cash investor N
A The specialness premium at which cash investors N

reverse repo government bonds
B The specialness premium at which OW non-banks N
repo government bonds
Me The mass of cash investors Y
My The mass of non-banks Y
b The benefit of obtaining government bond for cash Y
investors per unit of time
c The coupon rate of a government bond and a Y
corporate bond
Py, The corporate bond price N
P The government bond price N
z Dealer’s bargaining power Y
N The number of dealers Y
Sy The outstanding quantity of government bonds Y
Ne The quantity of new corporate bonds issued per Y
unit of time
bite The mass rate of N non-banks that buy corporate N
bonds
Jow The mass rate of N non-banks that buy N
government bonds

Table 5: The list of random variables used in this model

Variable Definition
Ts Stopping time at which repo matures
™ Stopping time at which a customer meets a dealer
T Stopping time at which a corporate bond defaults
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Table 5: The list of random variables used in this model

uy The mass of investors of type o € {OW,0,CW,C,IG} at time t.
oFn

Indicator variable that is 1 if and only if a dealer reverse-repos a government

bond from a non-bank customer

oF Indicator variable that is 1 if and only if a dealer repos a government bond

to a cash investor

Ty The number of units of government bonds that dealer owns at time ¢
RE The number of units of government bonds that dealer reverse repos at time ¢
R The number of units of government bonds that dealer repos at time ¢
B. Proofs

B.1. Theorem 1

Lemma 1. Dealer’s value function is given as (36).

A+c—rP —c—B+7rP
Vo(We, QFF, Q) = Wy + Qf ———— + Qi —————

+0 t r+0
Aepg Y AoV

Proof. 1 assume that dealers have an incentive to intermediate both sides of the repo market. 1
check this incentive compatibility later. Then the dealer’s problem is isomorphic to (37). Cash
collateral exchanged as part of repo and reverse repo transactions is completely irrelevant.

Dealer can always undo that exchange of collateral by borrowing or lending at the rate r.

Vb (Wh fRan) = SUCE Et/ _Oe_rsdct+s (37)

s.t.
AW, = rW,dt — dCy + AQEdt — BQIRdt + xyedt — Pdx,
Tt + QER 2 Qf

1
dQER = —5QFRar + N)\outowdt

1
dQE = —sQRat + N)\Cufwdt

Because the dealer’s time discount rate is equal to the risk free rate r, it is without loss of
generality to assume that W; = 0 for V¢. Then the value function is linearly separable in Wj.
Define a new value function Jp(QFE QF) such that Vp(Wy, QF, QF) = W, + Jp(QFE, QF).
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Duffie, Garleanu and Pedersen (2005) also made this assumption. Then the dealer’s problem

can be reformulated as (38).

o0

o (QFF,QF) = supE, / e {AQf jdt — BQdt + wyyedt — Pdzi ) (38)

s=0

s.t.
z + QR > QF

1
dQER = —5QFRat + N)\o,u,?wdt

1
dQF = —6QRdt + N/\cutcwdt

If the government bond price P is below *, dealers would purchase government bonds in the
inter-dealer cash market as much as possible. Thus, the government bond inter-dealer cash
market cannot clear.

Suppose P = =. Suppose a dealer obtains the government bond from the inter-dealer cash
market and subsequently repo the same bond to cash investors. The opportunity cost of using
cash to purchase government bonds is zero. As long as b is positive and the dealer has non-zero
bargaining power vis-a-vis cash investors, dealers can profit from this transaction. Hence, the
dealer will not refuse to transact with cash investors. % = 1.

The feasibility constraint implies that to obtain a government bond for repo position vis-
a-vis cash investors, the dealer can purchase it or reverse-in. If B is zero, then non-banks
would exert zero search effort, and there would not be any flow of bonds to repo dealers. In
equilibrium, dealers would have to go to the cash market to obtain government bonds to be
delivered to cash investors. If B is positive, then any dealer would choose to go to the cash
market to obtain a government bond instead of reverse repoing it. Dealer would not want to
incur the cost of B per unit of time. In either case, dealers would go to the cash market to
obtain government bonds. Therefore, in equilibrium, z; = Qﬁ > 0 for all dealers. Nevertheless,
I already mentioned that for the government bond cash market to clear, dealers as a whole
must demand zero government bonds. Hence, the market cannot clear.

Thus, the government bond cash market can clear only when P > = = JoT e tedt. Because
government bonds are inflated, dealers would want to minimize their position in the cash
market x;. Thus, it must be the case that z; + QFF = QF. Thus, dz; = dQF — dQFF =
—0QFdt + IV dt + 6QFRAt — LA uPV dt.

The Hamilton-Jacobi-Bellman equation can be formulated as (39). D is a symbol for gener-

ator.

DJp (QRR7 QR) e (QRR’ QR) + AQR . BQRR +e (QRR . QR)

1 1
= P (=0Qf + A +5QI — o™ ) =0 (39
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Conjecture that the value function is linear in state variables.

Jp (Q"F, Q) = Ho + HRQFR 1 HRQN (40)

Substitute the conjecture (40) into the HJB equation (39). Solve for the values of Ho, HT*®,
and H such that the equation holds for any value of Q* and QF. O

Value functions of all the other investors are also linear in W;. Thus, define value functions
J, such that V,(W;) = Wy + J, for 0 € {OW,0,CW, W, N,IG}.

Lemma 2. Value functions of non-banks that own government bonds are given as (/1) and

(42). The optimal search intensity A, maximizes Jow . The first-order condition for \, is (43).

¢  —(r+0)K(X)+ \B

Jow = T T+ 0) (41)
oo p e
B+ K(\) =K'(\)(r+ X +9) (43)

Proof. Without loss of generality, assume zero bank-account process. Then non-bank’s problem
(2), (3), (4) and (5) can be simplified.

c—K(Xo) 4+ Mo (Jo+ P)

D
Jow =supE {/ e " {—K (\) +c}dt+e P (J, + P)} = sup
Ao 0

Ao r—+ )\o
(44)
Ts5
J,=E [/ e e+ B)dt+e " (Jow — P - e’"'Té)]
0
Jowd B
J,+ P = Jowo+c+ 5 (45)
r+0

For each given value of \,, (44) and (45) can be solved jointly to get (41) and (42). Differ-
entiate the right-hand side of (41) with respect to A, to obtain the first-order condition (43).
A non-bank gets to choose the search intensity A\, only in the OW state. A non-bank in the
OW state faces the exact same stationary problem at every point in time. Hence, it is without
loss of generality to assume that the non-bank chooses one value of A, that it will stick to

forever. O

Lemma 3. Value functions of cash-investors Jo and Jow are given as (46) and (47) respec-
tively. The optimal search intensity \. satisfies the first-order condition (48).
—(r+90)K(Ae) + Ac(b—c— A)

Jow = r(r+ A +9) (46)

SK(A) + (e +7)(b— c— A)

Jo=P+ —
¢ + r(r+ A+ 90)

(47)
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b—c— A+ KA) =K A\)(r+ X +9) (48)

Proof.
™
Jow = supE {— / e (At + e (Jo — P)}
Ao 0
75
Jo=E {/ e "b—c—Adt+e " (Jow + P - eT'T“)}
0
The remaining proof is similar to lemma 2. O

Lemma 4. Nash bargaining between dealers and customers leads to specialness premia A and
B as (49) and (50).
A=z-{K\)+b}+(1—-2)-rP—c¢ (49)

B=—z-K(X)+(1—2)-(—c+1rP) (50)

Proof. Suppose a dealer repos a government bond to a cash investor. Dealer’s QFf increases by
1. Lemma 1 implies that the dealer’s value function increases by Atii_{P. At the same time,
the cash investor transitions from the CW state to the C state. Hence, the trading gain for the

cash investor is (51).

KA)+b—c—A

Jo—Jow — P = 51
©TIew r+ A+ (51)
According to the asymmetric Nash bargaining theory, A is a solution to (52).
A+c—rP)* (K\)+b—c— AV~
2
S‘jp{ r+e } { Pt o } )
Similarly, B is a solution to (53).
—c—B+7rP)* (K(\) + B}I_Z
53
Slfl?p{ r+0 } {T+)\o+5 (53)
O

In a steady-state equilibrium, the outstanding quantity of corporate bonds is % Each non-
bank holds either a government bond or a corporate bond. Hence, non-bank’s demand for
government bonds is m,, — % Let x denote each dealer’s demand for government bonds. Then
the market-clearing condition for the government bond cash market is (54).

e
Nx+m, — — =15, (54)
n

Equations (15) and (16) imply that the steady-state values of QF and QFF are wAoul"
and ﬁ)\c,ufw, respectively. Throughout the remainder of this paper, the subscript * indicates
that the value is from the steady-state equilibrium. In the steady-state, dealer’s demand for

government bonds z, is (55).
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1 1
7= Q- QT = o

To get steady-state investor masses, let all time-derivatives be zero for ordinary differential

AcSW — —Au" (55)

equations of agent mass dynamics in subsection 3.5.

0
M*CW = mcm (56)
[0)1%4 Ne 5
=) S (57)

Substitute (55), (56) and (57) into the market clearing condition (54). Also, use the relation
My = % +5y.

1 5 1 nc 5 nC_
6)\cm05+>\c_5>\0(mn_n)5+>\o+mn_n_Sg

Ae Ne Ao
D (m”_n> 5+ o
What remains is the corporate bond price. Non-banks are risk-neutral, and their mass
is larger than the outstanding quantity of corporate bonds. Thus, the non-bank should be
indifferent between owning a government bond and owning a corporate bond.
IN=Jig — Pe=Jow — P (58)

Solve for Jr¢ using (6) and (7).

Jig=E U Temtedt + e {JIG —P4+(1- A)CH
0 T

C-

2

n
S
J16 r o r+( )T2

Substitute (41) and (59) into the indifference condition (58). Solve (50) for P. Then substi-

tute the equation into (60). Solve for the corporate bond price P..

(59)

cr+n n c-m ¢ —(r+0)K(X\)+ \B
¢ Ty nEt _p =€ -
ror r+( )r2 7"+ r(r+ Ao + 9)

p (60)

B.2. Theorem 2

Define a new parameter m, = my,— 7. Solve (27) and (28) for A and B, respectively. Substitute
resulting equations into (25) and (26), respectively. Combine the resulting two equations to
substitute out P. Then I get (61). Equation (61) together with (62) characterize equilibrium.

KX+ X +0)+ K X))+ X +0) =1 —2){b+K\) +EK(\)} (61)
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A Ao
m65+)\c _m°5+)\0

As I vary 0, the value of n. or 7 does not change. Hence, to see how my solution changes with

(62)

respect to 6, I can just vary m,/m.. Let 0 = mo/me. Then I can do implicit differentiation of
(61) with respect to 6.

e ) Mo O\

O\
K" (Ae) == (r4+Xe+0)+K' (M) —=4+K"(No) =2 (r+Xo+0)+K' (X)) —= = (1— {K’ Ae)
(30) T2 (A b0+ (M) 4K () 2 (Ao D) +K7(0) T2 = (1-2) { K/ (00) 75
" ! a)\c " ! 8)\0
{K"A\)(r+Ac+6) +2-K'(\)} Y +{K" (M) (T + Ao +0) + 2 - K'(No)} 55 =" (63)
Similarly, do implicit differentiation of (62) with respect to 0.
Ae(8 4 Xo) = 0N (0 + o)
_éxoa_mc )\C(s-a)\o——ko(5+)\c) (64)

<t —2 =
Ae 00 Ao O
Combine (63) and (64) in matrix form.

K'Ae)(r+d+X)+2-K'(Ae) K'Xo)(r+d+X)+2-K'(\)
—6225 v

Lot A = l K" (A) (r+ 3+ Xe) + 2+ K' (M) K"(Ao)(r+ 6+ ) + 2 - K'(\,) ]

—6326 e

[ D ] 1 [ Mo LK (Ng) (46 4+ Ao) + 2 - K'(Mo)} (8 + Ao) .
det

2% (A) | =X {E" (M) (r+ 6+ Ae) + 2+ K'(A)} (6 + Ae)

Because the search cost function is assumed to be convex and increasing, K" (\.) > 0,
K' (X)) > 0, K"(\y) > 0 and K’'()\,) > 0. Thus, det(A) is positive. Then inspection of the

left-hand side of (65) allows me to conclude that % > 0 and 88’\(5’ < 0.

Now perform implicit differentiation of (26).

K00 222 1 9B _ gn3 )92 15, 4 6) + K 0g) 2
06 o0 26 26
OB K1)+ 20 +0) 222 <
06 26

Do implicit differentiation of (28).

(l—z)-r-a—]?:z-K'()\o)a)\Ao a—Bi <0
00 00 00
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Hence, %—g is negative. To see how the corporate bond price P, varies with respect to é,

substitute (26) into (30).

c c-n K'X\o)r+04+2- X
Po=—-—(1-A
r ( )r(r—|—77)+ 1—2 r+mn (66)
0 K"Xo)(r+0 42+ X)) + K'( M)z 0N,
ﬁPc - ~ < O
00 (1 =2)(r+mn) 00
B.3. Theorem 3
Again, let m, = m,, — %
B (@) = (me — )53 (67)
0+ Ae(z)
L pp—— (63)
°5 4+ Ao(2)
Substitute (67) and (68) into the equation for social welfare.
W(z) = ab— (mc_x)é‘K()\c(:v)) Ae(z) b o 0 K(M\o(2)) (69)

St (@) T T T ™ 5 A(a)
Lemma 5. 2\ (z) >0 and £\,(z) < 0.

Proof. For a given value of x, an equilibrium can be characterized with two equations (70) and
(71).

K'XA) ([ + X +0) + K N)(r+Xo+6)=(1—2){b+ K(\) + K(Xo)} (70)
(me — ) 5 ic)\c = Mo io)\o (71)

Do implicit differentiation of (70) and (71) with respect to x.

9o c
Mo T5Ex, —(me = o) s | =] e
K"No)(r + X0 +0) +2-K'(Xo) K'A)(r+Ac+8)+2-K'(\) | | L¢ 0

moﬁ _(mc - .’L‘)ﬁ
Let;z{ = (6+ o) ( + c) " Then det(d) S
E"(Ao)(r + A0 +0) + 2+ K'(Ao)  K"(Ae)(r + Ac +6) + 2+ K'(Ac)
0.
1 K" (r+Ac+0) +2-K'(A)  (me — 2) 5557 l — 55 1
W det() | —K"(Ao)(r + X0 +6) —2-K'(No)  mogryoy 0
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[ o } _ 1 [ —{K"(A)(r+ A+ 0) + 2- K'(Ae)} 525
det

De () | {K"(A)(r+ X +6) +2- K'(Xo)} 525
O
Differentiate W (x) in (69) with respect to x.
dW(z) b+ K(A) (0 +A)K' (N\e) +b+K(N\) 1 A
w05 Tmema)0 (0 + M) det 7 6+ Ao °
O+ X)K' (M) = K(XNo) 1 =X
- o c 72
mod (6 + Ao)? det 7 3 A 7e (1)
v, and ¢, are defined as (73) and (74), respectively.
0o =K"No)(r+Xo+8) + K'(Xo) - 2 (73)
o= K"(A)(r+ X +0) + K'(Ae) - 2 (74)

Because I assume m, > m. — z, (71) implies that A, < A.. Since there are more govern-
ment bond owners than cash investors, each government bond owner searches for dealers less
intensively than each cash investor.

Equation (72) implies that dW (x)/dx > 0 if and only if (75) holds.

Ac rK'(\e) + A B —rK'(\)

b+ K(Ac) + dot of (me — ) @oW + mo@cw >0 (75)
Define a new function f(-) as (76).
f) =K' N (A +0) - K (76)

Due to the assumptions that I make about the search cost function, f(0) = 0.

') =K' ANA+6)>0

Thus, for VA > 0, f(A\) > 0. Because \, > 0, K'(A\;)(Xo + ) > K()\,). Combine this
inequality with (26) to get B > rK'(\,). Hence, mogoc%;gg") in (75) is positive.

I already showed that det() > 0. Hence, (75) holds.
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C. Definitions of Symbols for Empirical Part

’ Symbol ‘Deﬁnition

Yit The yield-to-maturity for corporate bond 7 on day t.

OISy The overnight index swap (OIS) rate with tenor identical to the remaining
maturity of corporate bond i as of day t.

Qit The aggregate outstanding amount of euro-denominated corporate bonds with
credit ratings identical to that of bond i as of day t.

Sit The repo specialness premium of bund with remaining maturity identical to that
of corporate bond ¢ on day ¢. If no such bund exists, I use a Nadaraya—Watson
kernel regression.

Qo,j The outstanding amount of government bond j on day ¢

Qpsppjt | The cumulative quantity of government bond j that the Eurosystem purchased
under the PSPP by day t.

Fj The free float of government bond j on day t. Fj; = Q,; — Qpsprpr,t

QOJ The outstanding amount of government bond j on day ¢ in a hypothetical
scenario where the agency issues all intended amount in the first auction.

Q psppjt | The cumulative quantity of government bond j that the Eurosystem would have
purchased under the PSPP by day ¢ in a hypothetical scenario where the PSPP
only had fixed rules.

ﬁj,t Qo,j - QPSPP,j,t-

Lt Instrumental variable. The weighted sum of free floats of bunds with remaining
maturities close to that of corporate bond i.

mg, The remaining maturity of corporate bond 7 on day t.

m?t The remaining maturity of government bond j on day ¢.

0 Parameter that enters the definition of L.

D. The Supply of Bonds by the Central Banks in the United States
and Canada

The Federal Reserve Bank of New York initiated the Fixed-Rate Overnight Reverse Repo
(RRP) facility in September 2013. A wide range of financial institutions including non-banks

can reverse repo Treasuries from the New York Fed. Each institution can borrow Treasuries up

to 30 billion dollars on each day. Unlike its counterparts in Europe, the RRF facility does not

have any limit on the overall size of operation, at least from December 2015. The New York
Fed is willing to lend all bonds on its System Open Market Account (SOMA) portfolio to the

extent possible. The impact on the effective size of collateral available in the private repo market

can be limited to the extent that non-primary-dealer counter-parties cannot rehypotheticate
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Treasuries from the RRP facility (Protter, 2018). Nevertheless, after reverse-repoing Treasuries
from the New York Fed, these non-banks are less likely to be seeking extra collateral from the
private market. Consequently, the net effect is likely to be increased availability of collateral
in the private market (Protter, 2018).

The Fed RRP facility is much more accessible than the securities lending facility of the
Eurosystem. For example, unlike the RRP facility, the Eurosystem cannot repo more than
50 billion euros of its PSPP-eligible bonds through its securities lending facility (Marraffino,
2017). Maraffino (2016) notes that the introduction of a facility akin to the RRP facility
may considerably alleviate any problem associated with the reduced supply of collateral in the
European repo market.

20 gince

In addition, the Federal Reserve has been operating a securities lending program
1969. Through this program, primary dealers can borrow specific securities by positing any
Treasury general collateral.?! Investors used to borrow on-the-run securities by posting other
Treasury general collateral.?? Because on-the-run securities are far more special than off-the-
run securities in the repo market, this program is likely to have reduced the repo specialness
premium of on-the-run Treasuries (Arrata, Nguyen, Rahmouni-Rousseau and Vari, 2018).

From the market user’s point of view, the securities lending program of the Federal Reserve
is more attractive than the European counterparts (Arrata, Nguyen, Rahmouni-Rousseau and
Vari, 2018). The minimum lending fee of the Fed facility was 5 basis points as of 2016 (Fleming,
Keane, Schurmeier and Weiss, 2016). On the contrary, most national central banks of the
Eurosystem have been repoing government bonds through their respective securities lending
facilities at a repo rate at least 10 basis points lower than the prevailing market GC repo rate
(Arrata, Nguyen, Rahmouni-Rousseau and Vari, 2018). Because the securities lending fee is
economically equivalent to the repo specialness premium, Arrata, Nguyen, Rahmouni-Rousseau
and Vari (2018) conclude that the Fed facility offered a pricing that is more favorable than the
FEuropean facilities did.

Although the Bank of Canada did not explicitly implement QE, it has been consistently
purchasing debt instruments of the federal government of Canada. As of 2015, the majority of
the asset portfolio of the Bank of Canada, which is worth around 94 billion Canadian dollars,
consists of bonds and bills of the government of Canada (Patterson, 2015). At the same time,
the majority of repo transactions in Canada is collateralized by the federal government bonds.
Consequently, the Bank of Canada is aware that its sizable purchase of federal government
bonds can reduce the float size in the private market and negatively impact the repo market
liquidity.

The Bank of Canada took several measures to address potential dry-up of liquidity in the repo

20Sece  https://libertystreeteconomics.newyorkfed.org/2016 /08 /a-closer-look-at-the-federal-reserves-securities-
lending-program.html for more details.

2 According to the New York Fed website, a transaction needs “to be collateralized with Treasury bills, notes,
bonds and inflation-indexed securities.”

228ee  https://libertystreeteconomics.newyorkfed.org/2016/08 /a-closer-look-at-the-federal-reserves-securities-
lending-program.html.
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market. For example, the Bank repos federal government bonds whenever the general collateral
(GC) repo market rate is below the target rate of the Bank.?® This measure contrasts with
the policy of the ECB. The ECB did not take action when the German GC repo rate became
substantially lower than the deposit facility rate.

In addition, the Bank of Canada has a securities lending facility through which primary
dealers can borrow up to 50 percent of the bonds held by the Bank of Canada.?* In return for
borrowing federal government bonds, primary dealers can post a wide range of assets, including
provincial government bond, municipal government bond, banker’s acceptances, commercial
papers, and covered bonds. Primary dealers can gain access to federal government bonds, the
most widely used collateral in the Canadian repo market, in exchange for other less widely used
assets. Therefore, this facility can mitigate any problem associated with the reduced supply of

collateral in the repo market.

E. Implementation Details of the PSPP

I summarize implementation details only until March 31, 2017 because my data ends on that

day. The information is from the following EU documents:

o Decision (EU) 2015/774 of the European Central Bank of 4 March 2015 on a secondary
market public sector asset purchase programme (ECB/2015/10)

e Decision (EU) 2015/2101 of the European Central Bank of 5 Novemebr 2015 amending
Decision (EU) 2015/774 on a secondary markets public sector asset purchase programme
(ECB/2015/33)

o Decision (EU) 2015/2464 OF THE EUROPEAN CENTRAL BANK of 16 December 2015
amending Decision (EU) 2015/774 on a secondary markets public sector asset purchase
programme (ECB/2015/48)

o DECISION (EU) 2016/702 OF THE EUROPEAN CENTRAL BANK of 18 April 2016
amending Decision (EU) 2015/774 on a secondary markets public sector asset purchase
programme (ECB/2016/8)

o DECISION (EU) 2017/100 OF THE EUROPEAN CENTRAL BANK of 11 January 2017
amending Decision (EU) 2015/774 on a secondary markets public sector asset purchase
programme (ECB/2017/1)

There have been four German agencies whose debt were eligible for the PSPP during this
sample period: KfW, Landeskreditbank Baden-Wurttemberg Foerderbank, Landwirtschaftliche
Rentenbank and NRW.Bank.

https: //www.bankofcanada.ca/markets/market-operations-liquidity-provision /framework-market-operations-
liquidity-provision/
*https:/ /www.bankofcanada.ca/2015/10/securities-lending-program/
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Table 6: Timeline of the implementation details of the PSPP

The share of
purchase
APP .
quantities L.
monthly Minimum .
allocated to the L. Maximum
. net remaining L.
Period debts of . remaining
purchase . . maturity .
. international maturity
(billion L. (years)
organizations
euros) .
and multilateral
banks
March 9, 2015 ~ 30 years and
. 60 12%
April 18, 2016 364 days
April 19, 2016 ~ 30 years and
P 80 12% .
January 12, 2017 364 days
January 13, 2017 ~ 30 years and
Y 60 12% .
March 31, 2017 364 days

Table 7: Timeline of the implementation details of the PSPP: eligibility of local and re-

gional government debt, issuer limit, restriction on yield-to-maturity, and issue (ISIN)

limit
Eligibility of debt L.
. Restriction Issue
. instruments of Issuer ]
Period . L. on yield-to- (ISIN)
regional and local limit . L.
maturity limit
governments
Yes, except
March 9, 2015 ~ . . .
N 33% inflation linked | 25%
November 9, 2015 95
bonds*’
November 10, 2015 Yes, except
~ December 31, N 33% inflation linked | 33%
2015 bonds
Yes technically.
Nevertheless, anecdotal
. Yes, except
January 1, 2016 ~ | evidence suggest that the ) ) )
. 33% inflation linked | 33%
February 16, 2016 | Eurosystem did not start bond
onds
purchasing during this
period

25GSee Schlepper, Hofer, Riordan and Schrimpf (2017).
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February 17, 2016

Yes, but not municipal

Yes, except

33% inflation linked | 33%
~ April 18,2016 | bonds® ! ’
bonds
33% but 33% but
50% for in- 50% for in-
ternational ternational
organiza- organiza-
. L . Yes, except .
April 19, 2016 ~ Yes, but not municipality | tions and . . . tions and
) inflation linked .
January 12, 2017 bonds multilat- multilat-
bonds
eral eral
develop- develop-
ment ment
banks banks
Bonds with
yields-to-
33% but maturity below | 30% but
50% for in- | the deposit 50% for in-
ternational | facility rate ternational
January 13, 2017 ~ | Yes, but not municipality | organiza- can be organiza-
March 31, 2017 bonds tions and purchased to tions and
multilat- the extent multilat-
eral necessary to eral
banks meet capital banks

F. Other Institutional Details

F.1. The Political Cost of the PSPP

key based

allocation rule

QE programs in Europe has been controversial legally because such program can be interpreted

as monetary financing: the purchase of bonds of member states by the Eurosystem (Nyborg,
2017). The Treaty of the Functioning of the European Union (TFEU) explicitly prohibits mon-

etary financing. In particular, Germany has been adamantly opposed to monetary financing

because it dislikes the fiscal support of peripheral member countries (Brunnermeier, James
and Landau, 2016). Hence, the PSPP could be carried out only after the European Court of

26Tt is because municipality bonds are not rated (UniCredit, 2016). To be eligible for the PSPP, securities must

have credit ratings.
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Justice confirmed the legality of such operations in 2015, subject to adherence to several con-
ditions (Nyborg, 2017). For example, the PSPP never purchases bonds in the primary market
to circumvent potential legal challenge (Nyborg, 2017). Nevertheless, right-wing politicians in
Germany continued to challenge the legality of the PSPP. On August 15, 2017, the Federal
Constitutional Court of Germany stated that the PSPP may be violating the mandate of the

Eurosystem.

F.2. Why Insurance Companies and Pension Funds Cannot Easily Monetize Repo
Specialness Premia

The European repo market is mostly intermediated by banks (Duffie, 2018). Since only banks
can join electronic platforms such as BrokerTec, the only feasible way for insurers or pension
funds to repo their bonds is through bilateral repo with banks. Nevertheless, recent regulatory
drives have made banks increasingly reluctant to intermediate repo and reverse-repo transac-
tions (Hill, 2017). One important factor is the Basel III Leverage Ratio requirement that forces
banks to maintain leverage ratio - the ratio of Tier 1 capital to the total asset - above 3% (Hill,
2017). The Leverage Ratio requirement forces banks to economize the usage of their balance
sheets (Hill, 2017). Consequently, banks are strongly discouraged from remaining in the repo
intermediation business, which heavily expands the size of their balance sheet while bringing
them a small profit (Hill, 2017).

There were signs that banks were beginning to retreat from the repo intermediation business
in 2015 (Hill, 2015b). One exception is when banks can net repo and reverse repo transactions
(Marraffino, 2017). By doing so, banks can avoid expanding their balance sheets. Banks often
net repos and reverse repo by registering them at Central Counterparties (CCPs). Nevertheless,
for any transaction to be registered at CCPs, both parties to the transaction need to be members
of the CCP (Marraffino, 2017). Because membership is costly, not all financial institutions
belong to CCP. Only financial institutions that have a constant flow of two way business (repos
and reverse repos) have an incentive to become members of CCPs ICMA (2015). For this
reason, CCP membership is mostly for banks (Hill, 2017). Insurers and pension funds without
CCP membership is, thus, not favored clients of the repo desks of banks. To persuade the repo
desk the profitability of transaction, insurers and pension funds need to accept unfavorable
rates (Marraffino, 2017), or bring other profitable businesses on the side (Hill, 2015b).

In principle, insurers and pension funds can search for counterparties in the bilateral repo
market. Nevertheless, doing so requires an ability to assess the credit risk of the counterparty,
comply with legal requirements, and negotiate with a wide range of non-bank participants,
which most buy-side firms do not possess (Hill, 2017). Thus, many buy-side firms are heavily
reliant on bank-based intermediation (Hill, 2017).
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F.3. The Restrictive Operation of the Securities Lending Facility

Although the European Central Bank did allow individuals to borrow government bonds
through the securities lending facility, many structural factors prevented the facility from ef-
fectively addressing collateral scarcity in the repo market. The European Central Bank and
National Central Banks in the Eurosystem operate their own securities lending facilities in a
decentralized manner.

Before December 2016, in order to obtain specific collateral, firms had to bring another
PSPP-eligible securities. Bringing cash was not acceptable. The securities lending facilities
were said to have been operated in a cash-neutral manner. The operation of lending facilities
in a cash-neutral manner does not change the overall quantity of collateral circulating in the
market (Hill, 2017).

The Eurosystem allowed firms to reverse-repo bonds while posting cash collateral at the
securities lending facility. Nevertheless, even this cash-collateral option could not fully mitigate
the collateral scarcity problem due to the following features.

To obtain bunds, firms had to go to the security lending facility of the Bundesbank. Never-
theless, the Bundesbank facility had the following restrictive features as of the end of 2016.

o The firm needed to have “a credit line with the Bundesbank” (Hill, 2017).

o The lending operation was to be done with the European Master Agreement (EMA).
Nevertheless, the norm in the private market is to use either the GMRA for repo and the
GMSLA for securities lending (Hill, 2017).

e There was no option to automatically roll-over repo contract with the Bundesbank. The
firm had to deliver the bond to the Bundesbank and then re-start the contract (Hill,
2017).

o The securities lending facilities in the Eurosystem were not allowed to lent more than
50 billion euros of securities with cash collateral option. This quote is distributed across
facilities run by different national central banks. Thus, the Bundesbank facility was
not allowed to lend more than 12 billion euros with cash collateral option (McGuire,
Graham-Taylor and Cairns, 2017). This number is far smaller than the size of the PSPP.
The Eurosystem purchased 304 billion euros of German securities under the PSPP by
December 2016.

o Each transaction could not be larger than 200 million euros (Arrata, Nguyen, Rahmouni-
Rousseau and Vari, 2018).

e Firms could reverse-in bunds only at a rate significantly less favorable than the market

prevailing rates (Arrata, Nguyen, Rahmouni-Rousseau and Vari, 2018).

These restrictive features might have been the reason why the market did not utilize the cash
collateral option to the fullest extent. The data on the ECB website shows that the total
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quantity of securities lent with cash collateral option has been consistently lower than the 50

billion euros cap each month.

F.4. The Portfolio Allocation Decisions of Life Insurance Companies

It is true that life insurers face strict regulation on their choice of investment strategies. Nev-
ertheless, there is anecdotal evidence that European life insurers recently substituted for ultra
low-yielding government bonds with alternative higher yielding assets. See Section C of ESRB
(2016). Because a significant fraction of European insurers have sold products with guaranteed
returns (IAIS, 2016), they need to make sure they generate sufficiently high returns from their

investments to remain solvent.
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Corporate Bond Yields

G. Counter-factual Time-Series of AAA-Rated and AA-Rated

With the repo specialness effect

Without the repo specialness effect
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Figure 10: Counter-factual Time-Series Evolution of 9-Year AAA-Rated Corpo-

rate Bond Yields The figure plots the time series evolution of AAA-rated euro-
denominated corporate bond yields with residual maturity of 9 years. On each day
during my sample period, I start with the universe of all euro-denominated AAA-
rated corporate bond yields outstanding on that day. I run a Nadaraya-Watson
kernel regression of yields-to-maturity on remaining maturity. By doing so, I es-
timate yields on a hypothetical AAA-rated bond with remaining maturity exactly
equal to 9 years. The orange line is the plot of this estimation. Using the estimate
from Table 3 and the observed time series of bund repo specialness premia, I esti-
mate what the 9-year AAA-rated corporate bond yields would have been if bund
repo specialness premia were zero. The blue line shows the time-series of 9-year
AAA-rated corporate bond yield in this hypothetical scenario. The two green lines
show the 95% confidence interval around the orange line.
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Figure 11: Counter-factual Time-Series Evolution of 9-Year A A-Rated Corporate
Bond Yields The figure plots the time series evolution of AA-rated euro-
denominated corporate bond yields with residual maturity of 9 years. On each
day during my sample period, I start with the universe of all euro-denominated
AA-rated corporate bond yields outstanding on that day. I run a Nadaraya-Watson
kernel regression of yields-to-maturity on remaining maturity. By doing so, I esti-
mate yields on a hypothetical AA-rated bond with remaining maturity exactly equal
to 9 years. The orange line is the plot of this estimation. Using the estimate from
Table 3 and the observed time series of bund repo specialness premia, I estimate
what the 9-year AA-rated corporate bond yields would have been if bund repo spe-
cialness premia were zero. The blue line shows the time-series of 9-year AA-rated
corporate bond yield in this hypothetical scenario. The two green lines show the
95% confidence interval around the orange line.
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