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INTRODUCTION

MOTIVATION

0 Asset purchases part of unconventional monetary measures of central banks in
most advanced economies

o With limited downward space for interest rates might remain important

O But such purchases are theoretically irrelevant under standard assumptions
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INTRODUCTION

MOTIVATION

0 Large and growing empirical literature providing evidence for effectiveness of
quantitative easing

» e.g. Krishnamurthy and Vissing-Jorgensen (2011); Swanson (2017); Luck
and Zimmermann (2018) on the United States

> e.g. Altavilla et al. (2015, 2016); Andrade et al. (2016); Blattner and Joyce
(2016) on the euro area

> e.g. Joyce et al. (2012); Meaning and Warren (2015) on the United Kingdom

> e.g. De Rezende (2017); De Rezende and Ristiniemi (2018) on Sweden

> e.g. Haldane et al. (2016); Weale and Wieladek (2016) for a comparative
study

0 Theoretical foundations relatively less developed for these findings

» Term structure model most widely used (Vayanos and Vila, 2009; Hamilton
and Wu, 2012)
» Search models for liquidity (De Pooter, Martin and Pruitt, 2015)
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INTRODUCTION

MOTIVATION: ALSO SHORT TERM YIELDS FALL
Term structure models rely on presence of preferred habitat investors

o Preference of certain maturity segment
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MOTIVATION: ALSO SHORT TERM YIELDS FALL
Term structure models rely on presence of preferred habitat investors

o Preference of certain maturity segment
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Figure: German government bond, 3 month yield (solid). Eonia rate (dashed)
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INTRODUCTION

MOTIVATION: PUZZLING RESULTS ON LIQUIDITY

Theory:

o QE leads to improved liquidity De Pooter, Martin and Pruitt (2015)

Empirics not conclusive:

o QE improved liquidity of TIPS (Christensen and Gillan, 2013), vs. reduced
Coroneo (2015)

o Purchases of MBS lead to decline in their liquidity (Kandrac, 2013)

o ECB asset purchases lead to scarcity of German bunds (Schlepper, Riordan,
Hofer and Schrimpf, 2017)
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INTRODUCTION
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INTRODUCTION

Standard theory would question that

Definition:

Liquid assets are more certainly realisable at short notice without incurring a loss
(Keynes, Treaties)

o Central bank is a large buyer on the market

o Hence, liquidity should improve with purchases
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INTRODUCTION

MAIN CONTRIBUTIONS

o Model sovereign bond markets in a search-theoretic framework of
over-the-counter debt

» Quantitative easing affects bond prices and market liquidity through
demand and supply effects

» Reflects the practice of investors in (some) sovereign bond markets to
scout the market, which delays the time to transaction

o Calculate a new Preferred Habitat Index (PHI) for the euro area from the
ECB Securities Holdings Database

o Run model simulations for the euro area

» Quantitative easing reduces yields more in countries with more
preferred habitat investors

» Liquidity initially improves more in countries with fewer preferred

habitat investors, but then deteriorates more than in countries with
more preferred habitat investors.
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A SEARCH-THEORETIC FRAMEWORK OF

OVER-THE-COUNTER DEBT

SOVEREIGN BOND MARKETS MODELLED IN A SEARCH-THEORETIC FRAMEWORK OF

OVER-THE-COUNTER DEBT

@ Model is based on a search theoretic model of over-the-counter debt by Duffie,

Garleanu and Pedersen (2005)

o Extended by (i) default risk to bonds, (ii) a central bank, (iii) preferred habitat

investors and (iv) endogenous entry of buyers as in (Afonso, 2011)

Decide on

entering

|——————
ayp, Buyers

g Low-type Sellers

—> Sell and exit

liquidity shock, 6

v, Central Bankers

Purchase and
change type

«, High-type Sellers

[——" maturity, 0

app, Preferred Habitat

Figure: Flows of investors, with measures «;, i = b, sl, sh, cb, ph
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MODEL SET UP

o Government has issued an amount D of debt
o Each investor can hold only one bond at a time
o Bond pays 1 at maturity

o Buyers, central bankers, and outside investors are endowed with a unit of the
consumption good that they can use to purchase a bond

o There are many central bankers, each holding one unit of the consumption
good
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MODEL SET UP

VALUE FUNCTIONS OF BUYER AND SELLERS

Expected returns of buyers and sellers depend on the prevalence of counterparties
Buyer, and central bank:

Vp = —e+ )\Ozs/(\/sh — P) + (1 — )\aS,)Vb

Vep = —e+ /\Oésl(vphi — P) + (1 — /\Oésl)vcb
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MODEL SET UP

VALUE FUNCTIONS OF BUYER AND SELLERS

Expected returns of buyers and sellers depend on the prevalence of counterparties
Buyer, and central bank:

Vp = —e+ )\Ozs/(\/sh — P) + (1 — )\aS,)Vb
Vep = —e+ /\Oésl(vphi — P) + (1 — /\Oésl)vcb
Low-type (impatient) seller

1
(1+p)

High-type (patient) seller, and preferred habitat investor:

Vg = [(5(1 — q) =+ chq + ()\Oéb =+ /\Ozcb)P + (1 — 6 — dap — /\Oécb) VS/]

Veh =0(1—q) +6vq+6Vyg+ (1 -6 —0) Ve

Vi = 6(1 = q) +0vq + 0V + (1 — 6 — 0) Vo
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PRICE AND LIQUIDITY IN A SIMPLE MODEL

WiTH QE, BOND PRICES AND LIQUIDITY AFFECTED BY INCREASES IN CENTRAL BANK

DEMAND (FLOW) AND REDUCTION IN SUPPLY OF BONDS (STOCK)

Nash bargaining over surpluses:

P=pVg+(1—75)(Ver — Vi)
=V + (1= B)(Voni — Veb)

Solution:
p_ (6(1 —q) +d7q) " (1—75) e(Aap + Aacy + p+9)
p+é B Aas(p 4 0)
Fundamental value Market premium
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Nash bargaining over surpluses:
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=V + (1= B)(Voni — Veb)

Solution:
Demand
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PRICE AND LIQUIDITY IN A SIMPLE MODEL

WITH QE, BOND PRICES AND LIQUIDITY AFFECTED BY INCREASES IN CENTRAL BANK
DEMAND (FLOW) AND REDUCTION IN SUPPLY OF BONDS (STOCK)

Nash bargaining over surpluses:

P=pVg+(1—8)(Ver — Vi)
= BV + (1 = B)(Vphi — Veb)

Solution:

p_ 0 —q)+dyq)  (1—P)e(rap+Aa +p+9)
p+o s Aot |(p+0)

S
Supply
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PRICE AND LIQUIDITY IN A SIMPLE MODEL

WITH QE, BOND PRICES AND LIQUIDITY AFFECTED BY INCREASES IN CENTRAL BANK
DEMAND (FLOW) AND REDUCTION IN SUPPLY OF BONDS (STOCK)

Liquidity is defined as a measure of transactions:

L = hagiap + Aagiaep

o A share \ay of buyers, and central bankers meet a seller and transact
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PRICE AND LIQUIDITY IN A SIMPLE MODEL

WiTH QE, BOND PRICES AND LIQUIDITY AFFECTED BY INCREASES IN CENTRAL BANK

DEMAND (FLOW) AND REDUCTION IN SUPPLY OF BONDS (STOCK)

Liquidity:
Demand
——
L= ‘ A |(cuy +‘ e |)
N——
Supply
Price:
Demand
——
p_ (6(1—a)+d7q) N (1-5) e()\ab++p+5)
pri T Gofeed
N——
Fundamental value ——
Supply
Market premium
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PRICE AND LIQUIDITY IN A SIMPLE MODEL

EFFECT OF QE ON PRICES DEPENDS ON THE SHARE OF PREFERRED HABITAT
INVESTORS

oP _ (1-pBe
Oach — B(p+ O)MD| —aphi | — ash)
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MODEL WITH ENDOGENOUS MARKET ENTRY

WHERE THE MARKET ENTRY OF BUYERS IS ENDOGENOUS, QE CROWDS OUT BUYERS
FROM THE MARKET: PRICE EFFECTS MUTED, LIQUIDITY DECLINES MORE

Inflows of outside investors g:

@ who compare the value of their outside option K to the value of becoming a buyer
Vp.

@ The last one to enter is the marginal investor, for whom V), = Kp,:

g:/KKm F(K)AK = F(Kn) & g=F(Vb) (1)

At equilibrium, K, = V.
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MODEL WITH ENDOGENOUS MARKET ENTRY

LIQUIDITY EFFECT AT THE END OF PURCHASES

Once central bank stops demanding bonds, but continues to hold them on the
balance sheet, then liquidity can be worse that before the start of the purchases//

L= Aag(ap + aw)

QO Uep = 0
o «y potentially lower than before

o «ag lower as central bank purchases have moved bonds from active investors
to preferred habitat investors
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QE IN THE EURO AREA

ECB PSPP BROADLY SYMMETRIC ASSET PURCHASES IN HETEROGENEOUS NATIONAL
SOVEREIGN BOND MARKETS.
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Figure: Announced purchases of outstanding debt under the ECB Public Sector
Purchase Programme (PSPP), March 2015 to September 2016. Central banks are able
to purchase only 33% of each country’s bonds without becoming a senior debt holder.
SK, SI, LV, LU and EE outliers on account of their low levels of public debt. These
countries as well as the EU/IMF programme countries at the start of the ECB PSPP are
excluded from the model simulations.
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A PREFERRED HABITAT INDEX FOR THE EURO AREA

NEW PREFERRED HABITAT INDEX (PHI) SHOWS SIGNIFICANT DIFFERENCES ACROSS
EURO AREA COUNTRIES
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Figure: Preferred habitat investor index per euro area country, 2014. The PHI is
calculated on the basis of the ESCB securities holdings statistics. It is a composite
indicator, consisting of the bond holdings of central banks and general governments
outside the euro area, insurance companies and pension funds (both in and outside the
euro area), as a share of the total government debt securities issued by euro area
countries.
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A PREFERRED HABITAT INDEX FOR THE EURO AREA

PREFERRED HABITAT INDEX (PHI) BY SECTORS

Measure the share of each EA country government bonds held by preferred habitat
investors from ECB confidential securities holding statistics
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Figure: Preferred habitat investors index per sector, 2014 average.
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MODEL SIMULATION

MODEL CALIBRATED WITH NEW PHI

High PHI  Low PHI
Preferred habitat 40% 17%
Default probability 0.2% 2.1%
Purchases % longterm bonds 13.3% 13.8%
Average maturity 6.7 years 7.5 years

Table: Calibration of groups.
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MODEL SIMULATION

SIMULATIONS SHOW QE LEADS TO A LOWER DECLINE IN YIELDS IN COUNTRIES WITH

A LOWER PHI

% Change in yield
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Figure: Price impact from the calibrated model:

Period 1: initial setting

Period 2: central bank purchase of 13% of bonds

Period 3: central bank purchases plus reduced bond supply
Period 4: purchases ended, bonds held.
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MODEL SIMULATION

LIQUIDITY INITIALLY IMPROVES MORE, BUT THEN DECLINES BELOW PRE-PURCHASE
LEVELS

Change in liquidity

Figure: Price impact from the calibrated model:

Period 1: initial setting

Period 2: central bank purchase of 13% of bonds

Period 3: central bank purchases plus reduced bond supply
Period 4: purchases ended, bonds held.
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CONCLUSIONS

SUMMARY

@ Sovereign bond markets are modelled in a search-theoretic framework of
over-the-counter debt. Expected returns of buyers and sellers depend on the
prevalence of counterparties.

o With QE, bond prices and liquidity are affected by increases in central bank
demand (flow). The effect of QE on prices and liquidity depends on the share of
preferred habitat investors.

© Where the market entry of buyers is endogenous, QE crowds out buyers from the
market: price effects are muted, liquidity declines more.

@ The ECB PSPP are broadly symmetric asset purchases in heterogeneous national
sovereign bond markets.

@ A new Preferred Habitat Index (PHI) shows significant differences across euro area
countries.

o Model simulations show two results: (1) equal purchases by central bank lead to a
lower decline in yields in countries with a lower PHI. (2) Liquidity initially improves
more, but then declines below pre-purchase levels.
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INVESTOR FLOWS
Flows of high-type sellers:

ash = Aagiap — (0 + 0)asy =0
Aoy = (5 + G)Oésh

Flows of low-type sellers:

As) = Oagy — Aasi(ap + aep) =0
= Oagy — (0 + 0)asy + Aagiaep
Aasioep = dash
Aagjoep = 6(D — app — aigy)
(Aaep + )asy = (D — app)

0 (D — (lph)
Q) =
(Aaep + 0)
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RESuULTS

INCREASE IN DEMAND
«cp INCreases:

o Effect: price increases, liquidity improves, but oy declines, and price effect is
larger, and liquidity effect is muted

o Crowding out: V,, declines, g declines, if oy declines, then P increases less
and liquidity improves less

oy = 5(D — aph)
T (Maw +0)
Ve— S (6(1 —q) +0vq)p — Ok(p +9) — 6k(p+ 6 + Aap + Aaen)
A (04 0)(p+9)
g =F(V)
ap = 1
)\Oés/
_ =g +dhg  (1-F)e(Aas+ rag +p+0)
- pHd s Aasi(p +9))

L = dag(ap + acp)
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RESuULTS

REDUCTION IN SUPPLY
oy increases:

o Effect: ag declines, price increases, liquidity declines

o Crowding out: V}, declines, g declines, if ay, declines, then P increases less,
liquidity improves less

g = (5(D — ap;,)
(Aaep +0)

V= e . (6(1 —q) + 0vq)p — 0k(p + 9) — 6k(p+ 6 + Aap + Aaen)

Aoy (64 0)(p+9)

g = F(Vb)

ap = £
/\OLS/
d(L—q)+6vg  (1—PB)e(Aap+ Aae + p+9)

- pHd s Aasi(p +9))

L = )\asl(ab =+ acb)
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