No 2015-32 - December

Working Paper g
CEPil

Liquidity, Government Bonds
and Sovereign Debt Crises

Francesco Molteni

Highlights

B We study the liquidity channel of the European financial crisis through the market of repurchase agreements
(repos), where peripheral government bonds experienced a sharp increase in haircuts.

B This liquidity shock leads to a drop in economic activity and inflation, and a "flight-to-liquidity" towards the
government bonds with lower haircuts amplifying the raise in peripheral bonds yields

B Anunconventional policy which consists of purchasing illiquid bonds, similar to the expanded asset purchase
program implemented by the ECB, is successful in alleviating the contractionary effect of the liquidity shock.

s
RESEARCH AND EXPERTISE | 34
ON THE WORLD ECONOMY \




CEPII Working Paper Liquidity, Government Bonds and Sovereign Debt Crises

B Abstract

This paper analyses the European financial crisis through the lens of sovereign bond liquidity. Using novel data
we show that government securities are the prime collateral in the European repo market, which is becoming an
essential source of funding for the banking system in the Euro area. We document that repo haircuts on peripheral
government bonds sharply increased during the crisis, reducing their liquidity and amplifying the raise in the yields of
these securities. We study the systemic impact of a liquidity shock on the business cycle and asset prices through a
dynamic stochastic general equilibrium model with liquidity frictions. The model predicts a drop in economic activity,
inflation and value of illiquid government bonds. We show that an unconventional policy which consists of purchasing
illiquid bonds by issuing liquid bonds can alleviate the contractionary effect of liquidity shock. A Bayesian structural
vector autoregressive model for the Irish economy confirms empirically the negative impact of a rise in haircuts on
the value of government bonds.
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Liquidity, Government Bonds and Sovereign Debt Crises!

Francesco Molteni*

1. Introduction

The recent financial crisis was characterised by the increase in the yield spreads of
sovereign bonds issued by peripheral countries of the Eurozone (Greece, Ireland,
Italy, Portugal and Spain), which has weakened their fiscal position and reduced
their capacity to roll over debt. The creation of a monetary union has integrated the
sovereign debt markets in the euro area and eliminated the exchange rate risk, since
90% of outstanding government debt is issued in the common currency (Eurostat,
2013). Two main factors may therefore explain why countries in the periphery of

the Euro area have been paying higher interest rates on public debt than countries
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in the core: credit risk and liquidity.

Credit risk derives from the government'’s probability of default. Weak fiscal and
macroeconomic fundamentals of a country induce investors to ask higher compen-
sations for holding government debt due to the possibility of suffering losses. In
addition, fears of default and self-validating expectations may also drive up yields
of government securities issued by countries that cannot press new currency as pre-

dicted by Calvo (1988), Cole and Kehoe (2000) and Corsetti and Dedola (2012).2

Liquidity is a broad concept that traditional theories by Keynes (1936) and Hicks
(1967) refer to as the capacity of an asset to store wealth and protect its owner
from a shortage of revenue. With the evolution of financial markets, modern cor-
porate finance distinguishes between market liquidity and funding liquidity. Market
liquidity is the facility to obtain cash by selling an asset; when it is difficult to find a
buyer the price of the asset deviates from the fundamentals and its market liquidity

is low.3

Funding liquidity is the ease with which investors can obtain funding; as they typ-
ically borrow against an asset, in this paper we consider funding liquidity as the
“pledgeability” of an asset, that is its capacity to serve as collateral in the interbank
market, especially in the market of repurchase agreements (repos). Following this

interpretation, we investigate the role of sovereign bond liquidity in the European

2Tristani and Hérdahl (2013) and Dewachter et al. (2013) find that economic fundamentals are
the primary determinant of European bond yield spreads during the crisis, but their evolution is also
associated with an unobservable non-fundamental factor that they interpret as the manifestation
of self-fulfilling dynamics.

3Empirical works which disentangle credit and market liquidity risks in bond yields find compelling
evidence that market liquidity has contributed to the rise of intra-euro spreads during the crisis
(Manganelli and Wolswijk, 2009; Favero et al., 2010 and Monfort and Renne, 2013).
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financial crisis.

We show that government bonds are the principal securities used to guarantee se-
cured funding, which is becoming increasingly important for banks to meet their
liquidity needs. The observed shift from unsecured to secured lending in the Euro-
pean money market during the crisis reflects a rise in agency frictions which obliges
banks to post collateral securities whose value exceeds the loans by a determined
amount that is the haircut or initial margin. This also provides government bonds
with a special liquidity function. The role of government debt as collateral in the
interbank market is also at the basis of the model of Bolton and Jeanne (2011) to
study the contagion deriving from a sovereign default in an financially integrated
economy. Gennaioli et al. (2014 a) provide empirical evidence that in a large panel
of countries banks hold a sizeable amount of government securities because of their
liquidity services. Further, Andritzky (2012) find that European banks increased
their exposure to foreign government bonds before the onset of the financial crisis,

involving a diversification of their collateral base.*

In the European money market, the collateral may be redeployed by the cash lender
to secure other repos, this way stretching the intermediation chain.® For instance,
Italian debt could be pledged by a French bank to borrow from a German bank,
which in turn could re-use the same bond for a repo with a Dutch bank. Paraphras-
ing Kiyotaki and Moore (2003), before the crisis European banks held government

securities not only for their maturity value but also for their exchange value and

4The European stress test in 2010 has revealed that in most countries of the Eurozone banks
invested more than half of their government debt portfolio in foreign bonds.
5See Singh (2011) for the computation of the velocity of collateral.
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these papers circulated as means of savings; hence they could be considered as

money or a medium of exchange.

Nevertheless, we show that the increase in the sovereign risk during the crisis led
to a rise in repo haircuts on government bonds issued by peripheral countries,
reducing their liquidity and capacity to serve as collateral for secured borrowing.
Consequently, leveraged investors were forced to sell illiquid bonds of the periph-
ery and purchase liquid bonds of the core with lower haircuts in order to avoid a
contraction of their funding, contributing to the widening of the yield spreads.®
The pullback of foreign investors from the sovereign bonds of the periphery and
the debt repatriation would derive not only from the rise in the sovereign risk and
the tightening of prudential rules, but also from a reduction in their liquidity as

collateral in the European interbank repo market.

Building on Del Negro, Eggertsson, Ferrero and Kiyotaki (2011), hereafter DEFK,
we explore this liquidity channel of the Eurozone crisis through a DSGE model with
liquidity frictions calibrated for Ireland.” Similarly to European banks, entrepreneurs
choose to hold sovereign bonds as a way to store liquidity for financing future
investments. Indeed, even if the returns on public bonds are lower than those on
private assets, entrepreneurs can ease their funding constraint by borrowing against

government securities. This echoes Holmstrom and Tirole (1998) who show that

5Banks could alternatively pledge government bonds for ECB refinancing operation, but at higher
interest rate than the market rate (see Manicini et al. (2014), Boissel et al. (2014).

"The model abstracts from the risk of sovereign default to focus on a pure liquidity channel.
Several models introduce the probability of default. Coimbra (2014) analyses the feedback effects
of the rise in the risk premium of government bonds in a model in which banks face a Value-at-Risk
constraint. Bocola (2014) develops a quantitative model to estimate the balance sheet and credit
risk channels in the pass-through of sovereign risk. Bi et al. (2014) endogenise the probability of
default as a function of public debt.
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firms that cannot pledge any of their future income are willing to pay a premium on

assets that are able to store liquidity and help them in state of liquidity shortage.

However, a liquidity shock can suddenly reduce the amount of funding that en-
trepreneurs can obtain by pledging government bonds, equivalently to a rise in
repo haircuts. As a result, they have less resources to investment and the value
of illiquid bonds falls because they become less attractive.® We test the impact
of a policy experiment consisting in purchasing illiquid long-term bonds by issuing
liquid short-term bonds, which can be interpreted as the Expanded Asset Pur-
chase program (APP) implemented by the European Central Bank. By providing
entrepreneurs with an alternative liquid means of savings, this policy eases their
funding constraint and reduces the contraction of investments, especially when the

conventional monetary policy is constrained by the zero lower bound.

Finally, a structural vector autoregressive model confirms empirically the negative
impact of a liquidity shock on the value of Irish government bonds. The model
includes repo haircuts, CDS spreads and yields on 10-year bonds in order to identity
separately a liquidity shock and a sovereign risk shock and the impulse response

function suggests that both shocks lead to a rise in bond vyields.

Related literature. This paper is related to different strands of research. Several
works analyse the U.S. repo market and its role in the liquidity crisis of 2007-2008.

Adrian and Shin (2009, 2010) show that the procyclical leverage of U.S. investment

8Acharya et al. (2015) present evidence that banks with large exposure on GIIPS sovereign bonds
contracted corporate loans resulting in a fall in investment. De Marco (2015) finds that the con-
traction of bank lending was primarily due to a liquidty channel and the increased banks' cost of
funding.
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banks amplifies fluctuations in asset prices and that they adjust the balance sheets
through variations in repos. Brunnermeier (2009) points out that prior to the crisis
financial intermediaries were heavily exposed to maturity mismatch through their
increased reliance on overnight and short-term repos and asset-backed commercial
papers (ABCPs). Gorton and Metrick (2010, 2012) argue that the financial crisis
was a run in the “securitized-banking system” characterised by a general rise in
repo haircuts which shrank the banking liquidity in a similar way of massive deposit
withdrawals in traditional bank runs and triggered a fire-sale of financial assets. In
contrast to that study, Copeland et al. (2010) find that in tri-party repo market
the haircuts were stable between 2008 and 2010 and Krishnamurthy et al. (2013)
argue that the main cause of the liquidity crisis was a credit crunch in the ABCP
market. Despite the interest towards the U.S. repo market, few academic articles
explore the repo market in the Euro area, and we know little about the size, the
evolution and implications for the sovereign-debt crises.® This paper attempts to fill
this gap and examines the structural characteristics of the European repo market,

the differences with the U.S. market and its development in time of crisis.

A second strand emphasises the negative feedback between the level of haircuts
and the value of the underlying collateral. Géarleanu and Pedersen (2011) incorpo-
rate margin constraints into a consumption capital asset pricing model and show

that when margin constraints bind, higher margins raise the required returns on

9Hordahl and King (2008) compare the development of the repo market in the Euro area, in U.S.
and in UK in the first stage of the global financial crisis, but it does not cover the recent period
characterised by tensions in sovereign-debt markets. Mancini et al. (2014) and Boissel et al. (2014)
focus on the repo transactions performed on the principal European anonymous electronic trading
platforms (Broker Tec, Eurex Repo and MTS), which account for less than one third of the total
repo market according to the European Repo Market Survey.
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assets, which lowers asset prices. Ashcraft et al. (2011) present an OLG model
in which a reduction in the haircut on a security eases the funding constraint and
lowers its required return. Empirically, they show that the Federal Reserve by cut-
ting the haircuts through the Term Asset-Backed Securities Loan Facility (TALF)
increased yields of the eligible securities. Brunnermeier and Pedersen (2009) endo-
genise changes in haircuts and changes in asset prices through a loss spiral and a
margin spiral, which create a strong interaction between funding liquidity and mar-
ket liquidity. The fall in the price of an asset reduces its value as collateral and force
investors to sell some of its assets to obtain funding for maintaining other obliga-
tions, depressing its value even further (loss spiral). The higher volatility of the
asset price leads to a rise in haircuts, which in turns strengthens the deleveraging

(margin spiral).

We document this adverse feedback loop between levels of haircuts and value of
underlying collateral during the most acute phase of the European financial crisis.
Between 2010 and 2012 yields of peripheral government bonds and repo haircuts
applied on these securities dramatically increased. Several models with financial
frictions describe the effects of the fall in the value of the asset collateral, including
Schleifer and Vishny (1992) in a static framework and Kiyotaki and Moore (1997) in
a dynamic set-up.'® The impact of a temporary shock which reduces the borrower’s
net worth and the value of the asset used simultaneously as input in the production

process and as collateral translates in a persistent decline of output and asset

0In models in which the borrowing constraint derive from costly state of verification (Bernanke
and Gertler, 1989; Carlstrom and Fuerst, 1997; Bernanke, Gertler and Gilchrist, 1999) the cost of
external financing is increasing in the borrowing since higher leverage requires more monitoring. In
Bernanke, Gertler and Gilchrist (1999) the negative shock hitting the net worth also reduces the
price of capital arising an amplification mechanism similar to Kiyotaki and Moore (1997).
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price. The surge in repo haircuts reinforces this mechanism as tightens the funding
constraint and reduces the leverage of investors exacerbating the downturn. We
study this mechanism by modelling a rise in the initial margins as a liquidity shock
following DEFK, which incorporates the liquidity friction proposed by Kiyotaki and
Moore (2012), hereafter KM,!! into a DSGE model including nominal and real
rigidities an dthe zero lower bound condition in line with Christiano et al. (2005)

and Smets and Wouters (2007).12

We propose a model that departs from DEFK in two directions. First, equity is
illiquid and public securities are almost completely - but not fully - liquid. Therefore
funding constraints are tighter since entrepreneurs cannot acquire resources by
disposing of private assets, emphasising the role of public bonds to store liquidity.
In order to reproduce the rise in the repo haircuts on the peripheral sovereign
debt, all the dynamics of the model takes place through a liquidity shock hitting
public bonds. Second, the government can react by conducting an unconventional

policy which consists of issuing liquid papers in the form of one-period bonds. These

KM and DEFK focus on market liquidity and the liquidity shock is the result of a reduction in
the “resaleability” of asset. Instead we focus on funding liquidity and the “pledgeability” of an asset
in terms of level of repo haircut. Liquidity is modelled in different ways in macroeconomic models.
In Gertler and Kiyotaki (2010) liquidity shocks affect interbank funds and variations in haircuts are
modelled as tightening of the incentive constraint of banks. Jaccard (2013) considers a liquidity
shock as the destruction of a fraction of the safe asset produced by the financial sectors which
provide liquidity services fo firms and households. In Calvo (2009) liquidity is a parameter that
enters the utility function making the land more valuable. Beningno and Nastico (2013) define
liquidity as the property of an asset to be exchanged for consumption goods. In Jermann and
Quadrini (2012) the financial shock is equivalent to a reduction in the market liquidity of firm's
capital which tightens its enforcement constraint, limiting the borrowing capacity of the firm.
2The same nominal rigidities are embedded also in other models of financial frictions such as Gertler
and Karadi (2010), Getler and Kiyotaki (2011), Chen et al. (2012) and Christiano et al. (2013).
Several models incorporate the KM type frictions: Ajello (2012), Bigio (2014), Cui and Guillen
(2013), Cui and Radde (2013), Nezafat and Slavik (2011), Shi (2011). In all these models the
liquidity friction applies on private financial assets and not on public bonds.

10
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differences derive from the observation that while in the U.S. the liquidity of private
financial assets, such as commercial papers and asset-backed securities suddenly
dried up during the crisis, in Europe - where the market of private financial assets
is far less liquid - the peculiar feature of the crisis was instead the reduction of

sovereign bond liquidity.

The remainder of the paper is organized as follows: Section 2 defines the terms
employed for the market of repurchase agreements, describes the data and provides
a picture of the European repo market and its evolution during the crisis; Section
3 presents the model; Section 4 shows the results of the numerical simulation;
Section 5 examines empirically the impact of a liquidity shock on Irish government

bond yields and Section 6 concludes.

2. The European repo market

2.1. Definitions and data

We start by explaining the main characteristics of a repo contract, important in
understanding the results of the analysis, and by describing the data used to inves-
tigate the European market of repurchase agreements. A repo transaction is an
agreement between two parties on the sale and subsequent repurchase of securities
at an agreed price. It is equivalent to a secured loan, with the difference that
legal title of the securities passes from the seller to the buyer which may re-use
them as collateral in other repo transactions. In order to protect the lender from
the risk of a reduction in the value of collateral, repos involve overcollateralization

and the difference between the value of the loan and the value of collateral is the

11
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haircut or initial margin. The haircut takes account of the unexpected loss that the
lender in a repo may face due to the difficulty of selling that security in response
to a default by the borrower. Accordingly, it is at the same time an indicator of
funding liquidity from the perspective of the cash borrower and of market liquidity
from the perspective of the cash lender. Figure 1 shows an example of bilateral
repo.'® At time t, the cash borrower (securities dealer, commercial bank, hedge
fund) posts €100 securities as collateral and receives a €90 loan from the cash
lender (commercial bank, investment fund, money market fund) with a haircut of
10%. At time t+k, the borrower returns the cash with an interest of 1.1% (the
repo rate) and receives back the collateral. If repo is used to finance the purchase
of a security, the haircut is equivalent to the inverse of the leverage. To hold €100
securities the investor can borrow up to €90 from the repo lender and must come
up with €10 of its own capital, so the maximum leverage is 10. In this example, a
rise in haircut by 10 percentage points reduces the borrower liquidity to €80 and

the leverage to 5.
[Figure 1 here]

The determinants of haircuts vary according to the repo structure. In repos that are
not cleared by a Central Clearing Counterparty (CCP), the haircut reflects mainly
the creditworthiness of the borrower. Instead in repos involving a CCP which bears

the counterparty credit risk, haircuts are settled on the basis of the CCP’s internal

13 According to the involvement of intermediaries between the lender and the borrower, repos can
be distinguished in two types. In bilateral repos, the lender and the borrower transact directly with
each other, selecting the collateral, initiating the transfer of cash and securities, and conducting
collateral valuation. In tri-party repos, a third party intermediates the transaction providing oper-
ational services to the parties, in particular the selection and valuation of collateral securities, but
does not participate in the risk of transaction.

12
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rules and depend on the quality of the underlying collateral and its market risk.

Data. Because of the lack of comprehensive information on repos in the Eurozone,
different sources are used in this study to shed light on this market, in particular
Bankscope and the European Repo Market Survey (ERMS). Bankscope provides
data on the banks’ balance sheet at yearly frequency showing the stock of repos

and reverse repos held by financial institutions.'*

The ERMS presents information on the size and composition of the European repo
market, including the type of repo traded, the rates, the collateral, the cash cur-
rency and the maturity. It is a semi-annual survey conducted by the International
Capital Market Association (ICMA) starting from 2001. The survey asks a sample
of banks in Europe for the value of their repo contracts that were still outstanding
at close of a business day excluding the value of repos transacted with central banks
as part of official monetary policy operations. The ERMS also reports the average
of haircuts for various categories of collateral (governments bonds, public agencies,
corporate bonds, covered bonds, mortgage-back securities, other asset-backed se-
curities, convertible bonds, equity), but does not provide information about the
haircuts on government bonds by nationality. For this reason, we collected data
on the haircuts applied by the largest European clearing houses, LCH Clearnet Ltd
and LCH Clearnet SA, to 10-year sovereign bonds issued by Italy, Ireland, Portugal

and Spain by reading the RepoClear Margin Rate Circulars in the website of the

4The advantage of this database is that it allows to compare different sources of funding . Never-
theless, it presents three main limits: first, it lacks of important breakdowns, such as counterparty,
maturity and currency, preventing a more granular analysis of the European repo market and it
does not separate repos as interbank transactions from conventional monetary policy operations.
Second, the period covered by the database starts from 2006. Lastly, for several banks data on
repos are missing, making impossible an overview of the aggregated banking system.

13
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clearing houses.

2.2. Structural characteristics

Figure 2 exhibits the extraordinary expansion of the European repo market in the last
decade. The ERMS has collected data on repos held by 67 banks that continuously
participated to all the surveys from which we have subtracted reverse repos in order
to focus on their liabilities and avoid double counting. The repo market tripled in
the run-up of the crisis and after a short contraction between 2008 and 2009 rapidly
recovered, reaching around €3 trillion and approaching the about $4.4 trillion of
the U.S. repo market estimated by the Federal Reserve of New York in 2009 based
on the average daily amount outstanding of the primary dealers repo financing
(Acharya and Oncii, 2012). Since data come from survey of banks the size of

European repo market is underestimated.
[Figure 2 here]

Table 1 displays the funding structure of the largest European commercial banks,
for which Bankscope reports data on repos.'® For the biggest five institutions in the
sample repos account for around 10% of their liabilities. Further, for those banks
secured borrowing is larger than unsecured borrowing. This finding is in line with
the European Money Market Survey conducted by the ECB, which reports that
the largest ten banks account for 62% of the total repo turnover. These results

confirm the importance of secured transactions in the European money market and

15Since Bankscope does not distinguish between repos in the private market and repos as monetary
policy operations of the ECB, the table reports data on 2010 to exclude the large-scale LTROs in
2011 and 2012. The table reports only the banks for which data on repos are available.

14
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point out that the largest European banks post collateral securities to access to

the short-term wholesale funding.

[Table 1 here]

Figure 3 shows that sovereign bonds are the predominant assets in the collateral
pool of the European repo market, accounting for around 80% of the total, and
this share was stable during the crisis. Looking at the composition of government
securities, German bonds account for the largest share, although their supply is
lower than French and Italian bonds, because of their lower riskiness and suggesting
that are the most liquid securities in the Euro area. As we will show, lower haircuts
applied to German bonds in the repo market than to peripheral bonds also account

for their largest share in the pool of collateral.

[Figure 3 here]

To summarize, government bonds are the fundamental collateral in the secured
interbank market in the Eurozone. This is in contrast with the U.S. repo market,
in which private assets are more largely pledged by financial institutions. Another
difference between the two markets concerns their structure, since tri-party repos
are the predominant arrangements in the U.S. while bilateral CCP-cleared repos
constitute the biggest share in the Euro area. Consequently, increases of haircuts
in the U.S. market can be explained by mechanisms of adverse selection (Gorton
and Metrick, 2008) and information acquisition sensitivity (Dang et al., 2011 a
and Dang et al. 2011 b), because the cash borrower may have more information

about the quality of the asset used as collateral, e.g. mortgage-backed securities.

15
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By contrast, in the European market the larger use of CCPs, which bear the coun-
terparty credit risk, and of government securities as collateral reduces problems of
asymmetric information between the borrower and the lender. On the other side,
the market structure of the Eureopan repo market implies that haircuts are more

sensitive to the credit risk of collateral security.

2.3. Development during the crisis

We next examine the evolution of the European repo market during the financial
crisis. Figure 4 compares the dynamics of secured and unsecured borrowing in a
sample of 101 European banks included in the European Money Market Survey.
After the onset of the crisis we observe a shift of funding from the unsecured to
the secured segment following the rise in counterparty risk.'® Furthermore, bilateral

CCP-cleared repos steadily increased within the secured segment.

The expansion of the European repo market in time of crisis is contrast with the
evaporation of the U.S. market during the period 2007-2009. More than a con-
sequence of the recent crisis, this evolution seems to derive from a structural
transformation in the business model of the largest European financial institutions
in the last decade, which rely more massively on short-term collateralised debt as
a source of funding for their activities, similarly to the U.S. investment banks (see

Adrian and Shin (2009) and Brunnermeier (2009)).

[Figure 4 here]

16Heider and Hoerova (2009) show the decoupling of interest rates between the unsecured and the
market secured by government securities in the European interbank market during the crisis and
present a model in which credit risk premia in the secured market affect the price of risk-free bonds
through a no-arbitrage condition between the two markets.

16
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The recent financial crisis also affected the composition of sovereign bonds within
the pool of collateral (see figure 3). In particular, the share of government securities
issued by peripheral countries reduced. Italian bonds fell from 10% of the total in
June 2011 to 7% in December 2011 when the tensions on the sovereign debt
reached the peak. Given the estimated amount of secured funding in December
2011 of around €3.1 trillion (see figure 3) and considering a conservative value
of 5% as weighted average of the haircuts between June and December 2011, it
follows that €100 billion of Italian government bonds flew out from the European
repo market. This “collateral run” on Italian bonds may reflect not only the rise
in the sovereign risk, but also their lower liquidity determined by increases in repo
haircuts. For instance, LCH Clearnet SA on 8! November 2011 published the
variation in repo margins on Italian government securities by between 3 and 5.5
percentage points and accordingly on 9*" November the haircut on the 10-year
[talian bonds increased from 6.65 to 11.65 percentage points. The yields of these
securities increased from 6.39 to a high record level of 7.25 percentage points

between 7t" November and 9t" November (figure 5).7
[Figure 5 here]

Larger increases in haircuts were experienced by Irish and Portuguese bonds in
2011. Figure 6 compares the evolution of the yields on 10-year bonds and the
haircuts to these securities settled by LCH Clearnet Ltd. Following the rise in bond

yields, the haircuts on both securities increased from a low level of 15% before the

"The Financial Times reported the following: “Italian bonds are in the perfect storm at the moment.
Real money investors are running away and those investors using Italian bonds to finance will also
be clearing the desk now.”, Financial Times 9" November 2011 “LCH Clearnet SA raises margin
on lItalian bonds”,

17
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crisis to 80%. The strong procyclicality of the haircut is due to the fact that LCH
Clearnet Ltd systemically increases the haircut when the spread with the German

government bonds exceeds 450 basis points.

However, the direction of causality Is also reversed. Rises in haircuts to peripheral
bonds in turn may have increased the pressure on the sovereign debt and yields of
these assets. Higher initial margins diminish the ability of leveraged investors to
borrow and tighten their funding constraint, increasing the shadow cost of capital.
As a consequence, they reduce their position on the bonds with higher haircuts
and shift their portfolio towards securities with lower margins to relax their funding
constraint. At that point, bond prices are more driven by liquidity considerations
rather than by movements in fundamentals. The next section presents a model to

study this mechanism.

[Figure 6 here]

3. The model

The model is an infinite horizon economy populated by a continuum of house-
holds of measure one. The members of each household are either entrepreneurs
or workers. The model incorporates nominal rigidities, since prices and wages are
set in staggered contracts, and real rigidities with capital adjustment cost. House-
holds allocate saving across three risk-free financial assets characterised by different
degrees of liquidity: equity, long-term and short-term sovereign bonds. The gov-
ernment conducts fiscal policy collecting taxes and conventional monetary policy by

setting the nominal interest rate. Long-term bonds are subject to a liquidity shock
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which is the only shock perturbing the economy. In response to this shock the
government may implement an unconventional policy which consists of increasing

the supply of one-period bonds that are more liquid than long-term bonds.

3.1. Households

Structure. Each household has a unit measure of members indexed j € [0, 1]. At
the beginning of each period all members are identical and hold an equal share of
the household’'s assets. They receive an idiosyncratic shock, iid across members

and across time, which determines their profession: entrepreneurs or workers

' Entrepreuneurs with probability

’ Workers with probability 1 — 7y
By the law of large number v and 1 — -y also represent respectively the fraction of
entrepreneurs and workers in the economy. Each entrepreneur j € [0,y) invests
and each worker j € [, 1] supplies labour; both types return their earnings to the
household. At the end of each period, all members share consumption goods and

assets, but resources cannot be reallocated among members within the period.

Preferences. The household’s objective is to maximize the utility function

- s—t : - s—t Ci—a g ' N1+ ;
E; 5 .B U(C51 Hs(./)) =E; § ,6 {1 s - 1+ 77/ Hs(./) nd/:| (1)
s=t s=t Y
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where [E; denotes the conditional expectation, 3 is the subjective discount factor,
o measures the degree of relative risk aversion, £ is a scaling parameter that can
be chosen to match a target value for the steady state level of hours and 7 is the
inverse of the Frisch elasticity of the labour supply. Utility depends positively upon
the sum of the consumption good bought by household members (C; = fol C:(J)d))

and negatively upon the workers’ labour supply H;.

Portfolio. Households buy physical capital K; at price g; and they lend it to in-
termediate good producers earning a constant dividend stream r;. They also own
government securities BtL with price Q% defined as perpetuities with coupons which
decay exponentially as in Woodford (2001). A bond issued at date t pays A*~! at
date t+k with A € [0, 8] is the coupon decay factor that parametrises the duration
of government securities which corresponds to (1 — A8)~1.18 We define this bond
as long-term to differentiate it from the short-term bond B} which is a one-period
bond with zero coupon, i.e. A = 0, with price Qf. We assume that the supply of
short-term sovereign debt is very limited and they account for a little share of the

households’ portfolio.!® In addition, families hold N© claims on other households’

18An alternative interpretation of the long-term debt is that A is the fraction of the outstanding
bonds paying a constant coupon of 1 and (1 — ) is the fraction of bonds which mature at each
period and for which the government pays back the principal to the bond holder (Chatterjee and
Eyingougor, 2012).

19T his assumption avoids that household’s members hold government bonds only with short maturity
because more liquid. It is consistent with the evidence supported by Eurostat (2013) that in Europe
one-year bonds account for just 5% of the total outstanding public debt and that the average
maturity is between 6 and 7 years, which is matched in the calibration of the model. In equilibrium
the returns on long-term and short-term bonds are linked by a non-arbitrage condition. Most of
new Keynesian models present only a one-period bond rolled over every period. In Leeper and Zhou
(2013) government may find optimal to issue bonds with long maturity because they facilitate the
intertemporal smoothing of inflation and output gap. Cochrane (2001) analyses long-term debt and
optimal policy in the fiscal theory of price level. Christiano et al. (2013) introduce both short-term
and long-term corporate bonds assuming that the one-period bond is the source of funding for
entrepreneurs while the long-term bond plays no direct role in resource allocation.
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capital and sell claims on own capital to other households’ N{. The financing struc-

ture implies the households’ balance sheet at the beginning of period t in the table

below.
Household's balance sheet (financial assets)
Asset Liabilities
Capital stock: q:K: | Equity issued: qtN{L
Other's equity: qtNO
Long-term bonds: Qt A
Short-term bonds: Q7 if Net worth: q:N; + QL Bt + +Q

We assume that equity issued by the other households (N9) and the unmortgaged
capital stock (K; — N!) yield the same returns, have the same value and depreciate
at the same rate, so they are perfect substitutes and can be summed together and

defined as equity

Ny = N° + K¢+ N! (2)

At the end of each period households also receive profits Dt and DI t from interme-
diate goods producers and capital producers, respectively. The budget constraint

of the typical household member j can be written as the following

' ' ' ' BL ; BL BL J
Co) + PUI() + qelNess ) — 1:7) — aNg] + @t | Beat) 3 Br | gsBinl)
Py Py P
BL
_rtNt+_+_+ t(J)Ht(j)+Dt+DI Tt

P, P P
(3)
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where P; denotes the price level, pé is the cost of one unit of new capital in terms of
the consumption goods, differing from 1 because of capital adjustment cost, H;())
and W;(J) are the working hours and nominal wage for workers j as discussed in the
next section. According to the left side of the budget constraint, the household
members allocate resources between purchase of non-storable consumption good,
investment in new capital - if they are entrepreneurs - and net purchase of equity,
long-term bonds and short-term bonds. They finance their activities in the right
side of the budget constraint with returns on equity, long-term bonds, short-term
bonds, wages of differentiated labour - if they are workers - and the dividends net

to taxes.

A key assumption of the model is the presence of the following funding constraints
which limit the financing of new investments by entrepreneurs and determine the

different degree of liquidity of the assets

Net1(G) > (1 =0)1:(J) + AN, (4)
B, () > (1— ¢)Bt (5)
B;.1(j) >0 (6)

Inequality 4 means that the entrepreneur can issue claims on the future output of

investment but only for a fraction 6 € [0, 1]. This borrowing constraint implies that
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investment is partially funded internally and entrepreneurs have to retain 16 as own
equity. In addition, equity is assumed to be completely illiquid and entrepreneurs
cannot sell it to obtain more resources to invest. Hence, the entrepreneurs’ equity
holding at the start of the period t+1 must be at least the sum of the downpayment

(1 —6)/; and depreciated equity AN;, where X is the inverse depreciation rate.?

The entrepreneur can acquire additional resources by disposing of a fraction ¢; €
[0, 1] of long-term bonds, so a resaleability constraint imposes to keep the residual
(1—¢;) of bonds in its portfolio (inequality 5). (1 —¢;) is equivalent to the haircut
in a repo transaction since determines the amount of liquidity that the entrepreneur
can obtain by pledging sovereign securities in secured borrowing. In other words, the
entrepreneur cannot borrow against the value of the entire bond holding because of
the presence of the haircut. The assumption on the diverse resaleability of equity
and bonds reflects the different liquidity of private assets and sovereign bonds in
the European repo market: the first are scarcely used as collateral, while the latter

are largely pledged by European banks for repo transactions to lever up.

Inequality 6 implies that short-term bonds are not subject to resaleability constraint
and are fully liquid, but entrepreneurs cannot borrow from the government.?! ¢,
is the key parameter of the model characterising the liquidity of financial assets.
We can think that it takes value 0 for equity, value 1 for short-term bonds and

an intermediate value for long-term bonds. The dynamic of the model follows a

20Nezafat and Slavik (2011) model a financial shock as a tightening in the credit conditions and a
drop in 6 and assume that equity/capital is completely liquid. In our set-up the assumption that
equity is illiquid means that entrepreneurs cannot issue equity on the unmortgaged capital stock
and cannot sell any of others’ equity remained.

21Similarly, inequalities 4 and 5 ensure that receipts from trading equity and long-term bonds are
strictly positive, which prevents the entrepreneur from going short on these securities.
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reduction in ¢:, which is paramount of a rise in the repo haircut on sovereign bonds.

At the end of the period, the assets of households are given by

N = [ News()) d 7)
B3 = [ B2 d (8)
Bt = [ BEa() d (9)
Keor = Ki +/lt(j) d (10)

Next, we can take into account the specific functions of entrepreneurs and workers.

3.1.1. Entrepreuneurs

Entrepreneur j € [0, y) does not supply labour, so we set H;(j) = 0 in equation 3
to get its budget constraint. In order to acquire new equity he can either produce
it at price p! or buy it in the market at price g;. For the rest of the model we
assume that g, > p! to focus on the economy where the liquidity constraints
bind limiting the ability of the entrepreneur to finance investments. In this case,
the entrepreneur will use all the available liquidity for new investment projects to

maximise the households’ utility. Accordingly, they minimise the equity holding by
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issuing the maximum amount of claims on the investment return to reduce the
size of the downpayment as implied by constraint 4. The entrepreneur also sells
the maximum amount of bonds as allowed by constraint 5, because their expected
returns are lower than the ones on new investment. As a result, in equilibrium the
liquidity constraints all bind and the entrepreneur does not consume goods within

the period:

Nes1() = (1= 0)1:() + AN (11)
BEA() = (1 ¢)Bt (12)
B: () =0 (13)

C:(j) =0 (14)

Since we have the solutions for entrepreneurs, Ney1(j), BE1()),, BE1(j), Ce for
J €]0,7), we can plug equations 11, 12, 13 and 14 into equation 3 to derive the

function of investment for entrepreneurs

. /’tNt+[1+>\¢tQH%+Qf%§+Dt+D£—Tt
/t(./) = I (15)
p: — 0q:
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The nominator represents the maximum liquidity available for the entrepreneurs
deriving from the return on papers (equity and long-term bonds), sales of the
resaleable fraction of long-term bonds after depreciation, sales of short-term bonds
and the dividends net to taxes. The denominator is the difference between the price
of one unit of investment goods and the value of equity issued by the entrepreneur
which indicates the amount of own resources necessary to finance one unit of
investment. Equation 15 shows that a drop in ¢; not only increases the haircut to
long-term bonds but also reduce the leverage of entrepreneurs and impact directly

on their investment. Aggregating by entrepreneurs we obtain total investment

[+ :/ /t(J) dj = 7 . (16)
0

pL — 04q;

3.1.2. Workers

Workers j € [, 1] do not invest, so /;(j) = 0. They supply labour as demanded
by firms at a fixed wage, as the union who represents each type of worker sets
wages on a staggered basis. To determine the asset and consumption choices of
workers, we first derive the household’s decision for Ney1, BE 1, Bf,; and C, taking
W; and H; as given. Knowing the solution for entrepreneurs, we can determine
New1(J), BE1 (), BE1(J) and Ce(j) for workers, given the aggregate consumption

and asset holding.
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3.1.3. Household’s problem

To solve the model for the household, we aggregate the workers' and entrepreneurs’

budget constraint

BL L BL
Ct + pé/t + qr[Nt+1 - /t — >\Nt] —+ Qé [ ;{1 — A% + Qf%

B-  B? YWL(
- / U) H:(j) + Dt + Dy = Tt (17)
Y

_ oo B B
e+ g+ p 2)

Households maximise the utility function (2) by choosing C;, N¢y1, BtL+1 and BtL+1
subject to the aggregate budget constraint and the investment constraint. The first

order conditions for equity, long-term bonds and short-term bonds are respectively

fev1 + AGee1 Y(Ger1 — PL) Fesa
U..=pPE { ! [ + 18
“t flett Gt pl—0Ge1 G (18)

1 1+ XQr Y(Ger1 — ) 1+ Ape11 QE
Ué — E {_Ué |: t+1 t t+1 19
o= PR Tl o Q% Pé —00r11 Q% (19)

Qf Pé — 041 Qig

1, {1 ’Y(qm—pé)l]}

Ué,t = BE; {_ ct+1 (20)
Tt41

where T; is the inflation rate defined as 7y = Pf?*tl. The choice of sacrificing one

unit of consumption today to purchase a paper gives a payoff which is composed

LHAQy

by two parts. The first is the returns on the asset: WQ}# for equity, or
t

for long-term bonds and 1 for short-term bonds. The second part is a “liquidity
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premium”, deriving from the fact that papers in the entrepreneurs’ portfolio relax

their investment constraint. This premium is a function of the leverage p/jeqt' the
t

distance between the price of equity and the price of capital goods, and the liquid

returns of each asset. Thus, the bond holding eases the financing constraints more

than the equity holding which makes bonds more valuable for entrepreneurs.

3.2. Firms

Competitive final good producers combine differentiated intermediate goods Yj,
for i € [0, 1] into a single homogeneous final good Y;, using a constant return to

scale technology in the form of Dixit and Stiglitz (1977)

1 1 1+Xf
vom | [ il (1)
0

where A\r > 0. They take input prices P; and output prices P; as given and their

demand for the generic /" intermediate good is

_Lbag

Pe]

— Y, 22
P, t ( )

Yit:|:

The zero profit condition for competitive final-goods producers implies that the

aggregate price level is

Af

P, = [/01 P,?lfc/,] 7 (23)
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The monopolist firm i hires labour services and rent capital from households to

produce the intermediate good using the following technology

Yie = KitHj: ® (24)

where a € (0,1). Kj; denotes the capital services and H,; the quantity of labour
hired by the /" intermediate-good producer, which sets prices P;; subject to Calvo
scheme frictions, taking the rental rate of capital r; and the real wage %‘ as given.
With probability 1 — ¢, the firm can reset its price and with probability {, cannot.
By the law of large numbers, the probability of changing the price corresponds to
the fraction of firms that rest the price, so each period a randomly selected fraction
of firms 1 — (, can reoptimize the price f’,-t to maximize the present discount value

of profits.

3.2.1. Labour market

The labour markets mirrors the structure of the good market along the lines of
Erceg et al. (2000). Competitive labour agencies aggregate differentiated j labour

Inputs into a homogeneous single labour service H; according to the technology

Aw 1+>\W
( ! ) /IH ()= (25)
_ t.j I+Aw
1—2 ~

where A, > 0. Labour agencies sell labour services H; to intermediate good

Ht:

producers for the nominal wage rate W;. The first order condition for labour
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services determines the demand curve for the j;, labour type:

H (26)

1+ dw
_ 1 Wi (j)  w
Ht(_/) =1 _~ v [ \;\/(tj)

Labour unions represent all types of workers and set the wage rate W;(j) for the
specific labour input j taking as given the demand for their specific labour input
and subject to the Calvo scheme frictions on a staggered basis, taking as given the
demand for their specific labour input. Each period, labour agencies are able to
reset the wage W;(j) with probability 1 — {,, and with probability ¢, they cannot
and the wage remains fixed. By the law of large number, the probability of changing
the wage corresponds to the fraction of workers whose wages change. Households
supply whatever labour is demanded at that wage. If labour agencies can modify

the wage, they will chose the wage W, to maximize their utility function.

3.2.2. Capital-good producers

The creation of new capital is delegated to competitive capital-good producers who
transforms consumption goods into investment goods. They choose the amount
of investment goods to maximize the profits taking the price of investment goods

p! as given

Dgz{pg— {1+r(/—;)]}/t (27)

The price of investment goods differ from the price of consumption goods because

of the adjustment costs, which depends on the deviations of actual investment from
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its steady-state value. '(.)/; reflects the adjustment cost and I'(.) is a measure of
technology illiquidity, capturing the difficulty to undo investment. We assume that

(1) =T'(1) =0 and f”(1) > 0. The first order condition for this problem is

/ le\ !
p=1er(X)r (X)X (22)

The law of motion of capital is

Kt+1 :>\Kt+lt (29)

We consider the following identity equation between capital and net equity

Kt+l = Nt+l (30)

The resource constraint can be expressed as

wcr frar ()]s "

Finally, considering the aggregate expression for D, and D} the investment function
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can be written as

L S
reNe +[1+ >\¢tQH%§ + Qf% +Y: — WeHy — reKe + plle — L[1+T (%)] = T,
pr — 64y

t =X

(32)

3.3. The government

The government conducts monetary and fiscal policy separately following exoge-

nous policy rules and faces the following intertemporal budget constraint

B- Bs
éﬁ+@fﬁ+ﬂ = (1+AQ%)

Br  B?

B + P, (33)

The debt repayment is financed by the issue of new debt and a net taxes T;. A
solvency condition links taxes with the outstanding beginning-of-period government

debt in term of deviation from the steady state

L L
r-T=ur (-5 (34)

where ¥+ > 0 measures the elasticity of fiscal policy to variations in the size of the
debt. The government sets the nominal interest rate following the feedback rule

constrained by the zero lower bound condition

R = max (m¢", 1) (35)
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where 9, > 1. Unconventional policy consists of purchasing illiquid long-term
bonds by issuing liquid short-term bonds. The supply of one-period bonds (in term
of equity) is a function of the proportional deviations of liquidity from the steady

state

B _ .y (9
s —ya (%) (36)

The price of the nominal short-term bond is the inverse of the nominal rate, so the
government by setting the nominal interest rate, also sets the price of short-term

bonds.

QA = & (37)

4. Numerical simulation
4.1. Calibration

The model is calibrated at quarterly frequency to match the economy of Ireland
because of the rich dynamics of the haircuts on Irish bonds used to calibrate the
process of the liquidity parameter ¢,. Table 2 reports the calibrated values. The
steady state of liquidity ¢ is 0.75, equivalent to one minus the level of the haircut
on 10-year Irish bonds before the crisis (25%). We estimate the stochastic process
for ¢; as an AR(1) process from the dynamics of the Irish haircut during the period

of crisis. The autoregressive coefficient p? is found to be 0.99 and the standard
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deviation of the residuals 0? is 1.3. These values measure the persistence of the
freeze in the repo market and the size on the liquidity shock, respectively. The other
parameter characterising the financial frictions 8 describes the fraction of invest-
ment financed externally. Since entrepreneurs represent broadly the banking system
in channelling resources to the production sector of the economy, we consider 6
as the ratio of banks’ external finance (defined as the sum of deposits, long-term
debt and equity) over total assets. We construct the average of this ratio for the
financial institutions included in our sample in Table 1 and we set 8 = 0.5. The

liquidity share in this economy is defined as:

¢Qt Bria

Is; =
‘ ¢Q%Bé_+1 + q:Pr Kt

(38)

The nominator is the liquid part of public debt computed as the total of lrish
government gross liabilities times the liquidity parameter. The denominator is equal
to the value of the total productive capital (OECD Economic Outlook, 2013). The
average of this ratio during the period 2000 and 2011 is 0.43, which is taken as the
steady state value of the liquidity share. The parameter X pins down the duration
of long-term bonds given by (1 —X)~! . We set A = 0.973 to match the average

maturity of the Irish debt which is 6.9 years (Eurostat, 2013).

Other parameters are standard in the literature: the discount factor 8 = 0.99 , the
inverse Frish elasticity of labour supply n = 1, the capital share a = 0.4, the arrival
rate of investment opportunity in each quarter vy = 0.05 The degree of monopolistic

competition in labour and product markets are calibrated symmetrically assuming
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a steady state markup of 10% (6, = 6, = 0.1). The average duration of price
and wage contracts is 4 quarters {, = (, = 0.1). Concerning the policy rules,
feedback coefficient on inflation in the monetary policy rule ¥, is 1.5 to guarantee
a uniquely determined equilibrium. Transfers slowly adjust to the government debt
( ¥g = 0.1). For the sake of comparison, the coefficient of the intensity of

government intervention 1z is -0.127 the same as in DEFK.

[Table 2 here]

4.2. Results

The impact of a liquidity shock. We first analyse the economy in which the
government does not respond to the negative liquidity shock. Figure 7 shows the
response of real and financial variables to a drop in ¢; for the first twelve quar-
ters. Output, consumption and investment simultaneously fall by 8.01%, 7.45%
and 10.92%, respectively. The magnitude of the reduction in investment is close to
that observed in the Irish economy in 2011 (-7.21%). The contraction of liquidity
Impacts directly investments by tightening the entrepreneurs’ funding constraint
and shrinks the funds they can obtain from the sale of the bonds. Moreover, it is
amplified by the fall in the value of equity that increases the required downpayment
reducing the leverage of entrepreneurs. The drop in the price of equity (-14.23%)
and long-term bonds (-8.42%) has a negative wealth effect on consumption. In
particular, the presence of nominal rigidities is a key element for the fall in con-
sumption, because with flexible price the contraction in the economic activity would

generate deflationary expectations leading to negative real interest rate and boost-
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ing consumption, as observed in the model of KM. The liquidity shock causes a

large decline in inflation (-6.12%) which is very persistent.

Concerning asset prices, the contraction in the resaleability of long-term bonds leads
to a “flight to liquidity” towards the more liquid short-term bonds, as indicated by the
jump in the liquidity spread (13.78%), defined as the difference between the prices
of the two government securities. In addition, the strong persistence of the liquidity
shock induces entrepreneurs to anticipate lower future resaleability reinforcing this
mechanism, consistent with the observed widening of the yield spreads between
liquid bonds of the core and illiquid bonds of the periphery during the European
financial crisis. Shi (2012) notes that when the resaleability constraint applies to
equity, a negative liquidity shock in the KM setting leads to an increase in equity
price. A reduction in the resaleability reduces the supply of equity, while the demand
is not affected since there is no change in the quality of investment projects. In this
model, the fall in the demand for long-term bonds more than offset the contraction
of their supply following the reduction in their resaleability, bringing about the drop

in their price.

[Figure 7 here]

The effects of the policy intervention. \We consider now the scenario in which
the government reacts to the drop in ¢; by issuing more public liquidity. Figure 8
compares the impulse responses to a negative liquidity shock in case the govern-
ment does not intervene (blue line) and in case in which does react (red line). The
model predicts that this unconventional policy alleviates the contractionary effect

of the shock substantially. Qutput decrease by 5.73%, consumption by 6.17%

36



CEPII Working Paper Liquidity, Government Bonds and Sovereign Debt Crises

and investment by 5.35%. The fall in consumption drastically lessens, mainly be-
cause the reduction in the price of equity is less pronounced, which also reduces
the deleveraging of entrepreneurs. The increased supply of liquid short-term bond
relaxes the funding constraint of entrepreneurs. Moreover, the implemented pol-
icy succeeds in reducing the deflationary effect of the liquidity shock (- 2.89%).
Regarding financial variables, the impact of the unconventional measure on the

liquidity premium is very limited as shown by the response of the liquidity spread.

[Figure 8 here]

The role of financial frictions. \We compare the consequences of the policy in-
tervention with tighter financial frictions. We set ¢ = 0.65, keeping the same
size of the liquidity shock. The purpose of this exercise is to assess the impact
of unconventional policy when the liquidity of government bond is lower. Figure 9
shows the impulse response function with the higher value (red line) and the lower
value (green line) of the liquidity parameter. The difference is considerable both
for real and financial variables. when the government acquires less liquid bonds the
reduction in output, consumption and investment following the liquidity shock is
much lower (respectively -4.32%, -4.16% and -2.68%) and the drop in inflation
is more contained (-1.73%). The main difference concerns the response of the
value of government securities. The variation of the prices of long-term bonds and
short-term bonds is lower. The unconventional policy is more effective when the
liquidity of the asset purchased is lower, since reduces the liquidity premium with a
positive impact on the economic activity and inflation. This is consistent with the

empirical findings on the consequences of the large scale asset purchases conducted
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by the Federal Reserve in the aftermath of the crises (Krishnamurthy and Vissing-
Jorgensen, 2011; Gagnon et al. 2011). The first stage of the policy intervention,
the QE I, by targeting less liquid assets such as agencies reduced the yield spreads
of these securities with Treasuries having the same maturity and credit risk, since
both are debt issued by the U.S. government. This liquidity channel was much
weaker in the second stage of the intervention, the QE Il, since involved the pur-
chase of liquid Treasuries. Furthermore, expected inflation increased substantially

in the wake of the QE |, but modestly after the QE II.

[Figure 9 here]

The zero lower bound. \We show that when monetary policy is constrained by
the zero lower bound the impact of the liquidity shock and the effect of uncon-
ventional policy are both amplified. Figure 10 displays the impulse response to the
liquidity shock if the zero lower bound is binding with (red dashed line) and without
(blue dashed line) the policy intervention. On impact, the drop in output and con-
sumption is similar to that we obtain ignoring the zero lower bound as showed by
figure 7 (-8.55% and -7.19%, respectively), but far more persistent. The nominal
interest rate cannot reach the negative region and conventional monetary policy
cannot boost consumption expenditure through a reduction in the real interest
rate mitigating the impact of the liquidity shock as in the case in which the zero
lower bound does not bind. This in part explains the strong deflationary pressure
following the liquidity shock. The fall in investment is deeper(-15.80%) and also
persistent. Concerning asset prices, the price of equity falls more steeply following

the stronger reduction in the demand for new capital, while the magnitude of the
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liquidity spread is similar to the scenario without zero lower bound. Because of the
zero lower bound constraint, the effectiveness of unconventional policy is greater
than it would be if it were possible for the government to lower the policy rate
below zero, as indicated by figures 8 and 9. In particular, this measure avoids that

the economy remains in a region of low consumption and deflation.

[Figure 10 here]

5. Empirical analysis

In this section we study the dynamic relationship between liquidity, sovereign risk
and yields of government bonds during the period of crisis and we examine whether
the data confirms that increases in repo haircuts have a negative impact on the
value of underlying government bonds, as shown by the model in the previous
section. While in the theoretical analysis we abstracted from the probability of
a government default, we include in the empirical investigation an indicator of
sovereign risk in order to disentangle the liquidity and credit risk channel and to
better identify a liquidity shock. Funding liquidity is measured by the haircuts applied
by LCH Clearnet Ltd and data of bond yields are taken from Global Finance Data.??
Sovereign risk is measured by the spread of a senior five-year dollar-denominated

CDS contract obtained from Datastream. All series are at daily frequency.

First, we test if credit risk leads funding liquidity and if funding liquidity leads the

yields with a Granger causality test. Second, we estimate the impulse response

22Empirical literature generally considers the cost of funding in the unsecured market, such as the
Euribor-Eonia spread, as proxy for funding liquidity. However, in the context of the recent crisis
the unsecured market shut down. Consistent with our initial interpretation of funding liquidity, we
propose an alternative indicator which is specific to a security and not a market rate.
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functions (IRF) of a liquidity shock and credit risk shock with a structural vector
autoregressive (SVAR) model. The analysis focusses on the Irish sovereign debt
market to compare the predictions of the model. Furthermore, the evolution of
10-year bond yields and the repo haircut to these securities provide us with a
laboratory to study the interaction between those variables. From November 2010
to July 2011 vyields rose from around 8% to 14% and then decreased until 7% in
February 2012. During the same period, the haircut applied by by LCH Clearnet
Ltd on this security grew until 80% before scaling down to 25%. The sample is
censored from 01-11-2010 to 01-12-2011, in order to exclude the 3-year LTROs
in December 2011 and February 2012 which could have altered the relationship
between the variables since banks of the periphery had an incentive to purchase
domestic sovereign bonds in carry trade operations (Acharya and Steffen, 2015).
During the period of time included in the sample the Security Market Program
(SMP) was already active. Even though purchases of Irish bonds in the secondary
market through the SMP affected yields and credit risk of Irish bonds, we exclude
the shift in market sentiment deriving from the announcement of the adoption of

this policy in May 2010.%3

As preliminary analysis, we start by studying the copula function between haircuts
and yields. The marginal cumulative distribution function and the joint cumulative
distribution functions are estimated non parametrically by kernel methods. Fig-
ure 11 displays the scatter. There Is a strong and positive link between the two

variables, in particular for the upper-tail probabilities as we can see at the top-

23Ghyseler et al. (2014) and Easer and Shwaab (2014) find that the SMP was successful in
reducing bond yields of Irish bonds and other peripheral bonds as well as Italian, Portuguese, Greek
and Spanish bonds.
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right corner of the graph. This is confirmed by the coefficient of linear correlation

parameter of copula which is 0.59.

[Figure 11 here]

We next analyse the dynamic interaction between credit risk, funding liquidity and
bond yields. In order to investigate whether there exists a lead-lag relationship
between the variables, we use a Granger causality test to assess if past value of the
variable i helps predict the variable j, above and beyond the information contained
in past values of j alone. To do so, we estimate the following reduced-form VAR
including in the following order haircut, CDS spreads and yields of 10-year sovereign
bond vyields. Because of the small size of the sample, the model is estimated with
Bayesian techniques, using diffuse priors taking the Normal and inverse Wishart
distributions for the estimation of the coefficients and volatilities. The appendix

presents the details of the estimation strategy.

Table 4 shows the F statistics for the test at 5%. If the statistics is higher than the
critical value we reject the null hypothesis that variable x does not Granger cause
variable y. Changes in CDS spreads and haircut are significant to predict variations
in the bond vyields, suggesting that credit risk and funding liquidity lead the value
of the government securities. In turn, bond yields Granger cause credit risk and
funding liquidity. The latter results may be explain by the fact that LCH Clearnet
Ltd changes the haircut when the spread with the German bond yields exceed 450
basis points and take into account other indicators for credit risk, that may explain
the significance of the CDS spreads variations on changes in haircuts. All in all,

the test shows the rich dynamics between funding liquidity, credit risk and bond
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yields. This exercise is close to Pelizzon et al. (2014) who examine the dynamic
interaction between credit risk and market liquidity in the Italian sovereign debt
market; they find that credit risk Granger causes market liquidity, but the opposite
direction is not significant. We show that credit risk has an indirect impact on the

yields not only via market liquidity, but also via funding liquidity.

[Table 4 here]

In order to assess the impact of an increase in haircuts on government bond yields
avoiding endogeneity problems and reverse causality issues, we estimate the IRF of
a structural liquidity shock and credit risk shock. Structural shocks are recovered
using the triangular Cholesky decomposition placing haircuts before CDS spread and
yields. This ordering implies two main identification assumptions. First, haircuts
respond to variations in yields with one lag. Second, the information used by
LCH Clearnet to set the haircuts consists of past values of the CDS spreads and
yields. This identification approach finds a justification in the way the clearing house
decides to modify the haircuts and communicate it to the market participants.
LCH Clearnet Ltd settles the level of haircut applied on government bonds on the
basis of their yield-spreads of German bonds and indicators of credit risk. When
the risk management changes the haircut, the variation is published at the end
of the day when the financial market is closed. Hence, market participants may
react to this decision with one day of delay, eliminating possible announcement
effects. Moreover, although the decision of changing haircuts is based on financial
indicators which are public available, it remains a discretionary decision of the risk

management, so we can exclude perfect foresight of private agents on the variation
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In haircuts.

Figure 12 and 13 show the response of yields to a liquidity shock and a credit risk
shock, respectively. Yields rise significantly following the two shocks , suggesting
that the both the liquidity and the credit risk channels are important for the dy-
namics of sovereign bond yields. In particular, these results confirm the mechanism
of margin spiral for Irish government securities during the most acute phase of ten-
sions in the sovereign-debt market in 2011 and a negative feedback loop between

the price of government bonds and the haircuts, as predicted by the model.

[Figures 12 and 13 here]

6. Conclusions

This paper has explored the liquidity channel of the European sovereign debt cri-
sis. It has shown that government securities play a key role as collateral in the
European repo market easing the interbank lending in the Eurozone. Nevertheless,
during the crisis repo haircuts on peripheral government bonds substantially aug-
mented following the raise in sovereign risk. The combined escalation of sovereign
bond yields and haircuts suggest an alternative channel for the European “twin
crises” - the combination of sovereign weakness and banking fragility - in addition
to the balance sheet channel (Gennaioli et al., 2014 b) and the bail-out channel
(Acharya et al., 2014). Before the crisis, banks accumulated government bonds
to store liquidity and use them as collateral to lever up, increasing their exposure
on foreign bonds due to the European financial integration. When the sovereign

risk of peripheral countries appeared, repo haircuts to public bonds surged drying
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up interbank liquidity. Banks in the core reduced simultaneously their position on
peripheral bonds whose haircuts augmented causing a fire sale which depressed the

value of these securities even more and resulting in further increases in haircuts.

We studied the consequences of a reduction in the liquidity of public bonds with a
model incorporating liquidity frictions to simulate the impact of a raise in haircuts.
The model exhibits a fall in output, investment, consumption and a raise in the
liquidity spreads. The contractionary effects of this shock can be alleviated by a
policy response consisting in issuing new short-term bonds to provide the investor
with an alternative liquid asset that relaxes their funding constraint. This policy
is more effective when the government purchases bonds with a lower degree of
liquidity and when the monetary policy is constrained by the zero lower bound, pro-
viding a rationale for unconventional policy implemented by the European Central
Bank (the expanded asset purchase program ) and stressing the importance of the

composition of government bond purchased for the success of this measure.

We have assessed empirically the main results of the model by estimating the
impulse response function of a liquidity shock in a SVAR model including haircuts,
CDS spreads and yields for Irish government bonds to disentangle the liquidity and

credit risk effects.

The theoretical model can be extended in several dimensions. One is to introduce
risk of sovereign default to endogenise the liquidity parameter as a function of
the debt riskiness and a Value-at-Risk constraint for entrepreneurs. When the
probability of default rises, the haircut also increases creating a feedback between

the liquidity and riskiness of the government bonds, as shown in the empirical
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investigation. A second extension would be that of consider an open economy with
two countries conducting independent fiscal policy and sharing monetary policy in
a typical framework of a monetary union in order to study the impact of a liquidity
shock on the bond issued by one country and the possible policy responses of the

central bank. We leave this extensions for further research.
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Figure 1 — Bilateral repo contract
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Figure 2 — European repo market (billions of euros)
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Table 1 — Funding structure of european commercial banks in percentage of total
liabilities (2010)

Bank Deposits Interbank LT debt Repos
BNP Paribas 26.62 7.07 6.19 10.48
Barclays Bank Plc 23.41 5.89 9.89 13.26
Banco Santander 45.04 4.69 16.92 9.60
Société Generale 24 47 7.62 8.74 9.58
UBS AG 24.13 2.13 10.04 12.52
UniCredit SpA 42.99 10.83 16.96 3.39
Credit Agricole Corporate 14.43 10.63 0.70 5.61
Intesa Sanpaolo 30.84 10.32 27.99 1.99
Banco Bilbao 43.79 6.01 14.16 8.89
Commerzbank AG 34.32 12.01 13.72 7.13
Danske Bank 23.22 5.19 27.66 7.87
Skandinaviska Enskilda Banken 35.5 7.42 14.01 2.14
Bankia SA 36.78 3.43 29.6 11.56
Svenska Handelsbanken 29.21 8.06 30.27 0.49
Fortis Bank 41.18 7.68 5.50 4.30
Abbey National Treasury Services Plc  52.99 13.42 13.85 2.79
KBC 50.76 7.35 10.58 8.53
Banca Monte dei Paschi 32.35 9.41 24.56 9.86

Note: Deposits = costumer deposits, Interbank = interbank deposits; LT debt =
long-term debt
Source: Bankscope
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Figure 3 — Share of collateral in the European repo market
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Figure 4 — Interbank transactions in the European money market
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Figure 5 — Yields on 10-year Italian (LHS) and German (RHS) government bonds
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Figure 6 — Yields (LHS) and haircuts (RHS) on 10-year government bonds
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Table 2 — Calibration

Definition Parameter Value
Preferences
Household discount factor 6] 0.99
Realtive risk aversion 1
Inverse Frish elasticity | 1
Production and investment
Capital share of output o' 0.4
Adjustment cost parameter 1
Probability of investment opportunity v 0.05
Inverse depreciation rate / Bond maturity parameter A\ 0.973
Nominal frictions
Price and wage calvo probability Cre=Cw 0.75
Price and wage steady state markup Or =0y 0.5
Financial frictions 0 0.5
Borrowing constraint 0 0.5
Resaleability constraint 10) 0.75
Autoregressive coefficient of liquidity p® 0.99
Size of liquidity shock o? 1.3
Steady-state of liquidity share Is 0.43
Policy rule
Monetary policy rule coefficient Y 1.5
Transfer rule coefficient Yr 0.1
Government intervention coefficient Vv -0.127
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Figure 7 — Impulse response function to a negative liquidity shock
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Figure 8 — The effects of policy intervention
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Figure 9 — The role of financial frictions
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Figure 10 — The zero lower bound
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Figure 11 — Copula of kernel distributions of yields and haircuts
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Table 3 — Granger causality test

Test F-statistics | Critical value
Ayields — Ahaircut 9.582 0.908
Ahaircut — Ayields 3.305 0.456
Ayields — ACDSspread 6.222 0.546
ACDSspread — Ayields 9.205 0.695
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Figure 12 — Impulse response function of a liquidity shock
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Figure 13 — Impulse response function of a credit risk shock
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Appendix
A. Solving the model

A.1. Optimality conditions in good markets and labour market

At each period 1 — (, intermediate goods firms set the price P, to maximize the

present discounted value of profits

Ditik = PitsiYiern — WepkHirrn — rerxKirrk (39)

subject to the demand for its own good (22) and conditional on not changing its
price. Intermediate good producers, first choose the optimal amount of inputs
(capital and labour) and they minimize the costs, w;H,: — r:Kj:, subject to the

production of intermediate goods (24). The first order condition is

Ki: K o W

Hit_ﬁt—l_a r

(40)

Since the marginal capital-labour ratio is independent of firm-specific variables,
then the marginal cost,mc;:, i.e. the Lagrange multiplier on the constraint, is also

independent of firm-specific variables

l-a
rt>a Wi
= = (2 41
mcis = mMc; ( <1 ) (41)

In a second step, the (1 — ¢,) firms that can change the price, will choose 15,-t to
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maximize

1

m}ngf4Q?[53—u+xAm@

2 Ys(i) =0 (42)

We focus on a symmetric equilibrium in which all firms choose the same price
F~’,-t = :5t. Let p; = I5t/Pt the optimal price level. The first order condition for

optimal price settings becomes

Ee Y (BC)'C7 l% —(1+ xf)mcsl (f"t > Y. =0 (43)

t,s

By the law of large numbers, the probability of changing the price coincides with
the fraction of firms who change the price in equilibrium. From the zero profit

condition, 23, inflation depends on the optimal reset price according to

1=u—gm*+g(%) (44)

t

Finally, since the ratio of capital-output is independent of firm-specific factors, the

aggregate production function is

14Xy

1 oo ~ by
KYH :/O Yiedi=) (1) ( Pes ) "y, (45)
s=0

Tt—s,t

where K; = fol Kt di and H; = fol H;: di. Each period, 1 —(,, labour agencies are

able to reset the wage W;(j) to minimise the present discount value of disutility of
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work

B (6 )Sf{q_a— €[ dj] (46)
ts:t P -0 14n/), °

subject to (17 and 26). the first order condition for this problem is

E: Y (6,)°°C;e {V‘”T(“ (1)

C*O’

s

] H)=0  (47)

We focus on a symmetric equilibrium in which all agencies choose the same wage.

Let wy = %. From equation 26 the law of motion of real wage is

W = (= G g (M) T (48)

A.2. Equilibrium condition

To solve the model we define L1 = B,E%l as real long-term bonds. The lig-
uidity parameter ¢, follows an exogenous AR(1) process and there are 4 en-
dogenous state variables: the aggregate capital stock, the nominal short-term
bond, the real long-term bon and the real wage rate from the previous period
(K¢, Bf, L¢, wi—1). The recursive competitive equilibrium is defined as 9 endoge-
nous quantities (/¢, Ct, Ys, Kes1, Net1, Beiq, Les1, He, Te) and 11 prices (gr, QF, Q7
pl, re, Re, Wi, We, Pr, T¢, mc;) as a function of state variables (K;, BY, L, We_1, $¢),

which satisfies the 19 equilibrium conditions (16, 18, 18, 18, 18, 18, 18, 18, 18, 19,
20, 28, 29, 30, 31, 33, 34, 35, 36, 39, 40, 42,43,44,46, 47). Once all market clear-
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ing conditions and the government budget constraint are satisfied, the household

budget constraint is satisfied by Walras' Law.

A.3. Steady state

In the steady state economy there is change in the resaleability of bonds, nominal
price level, prices and endogenous variables. The steady state version of the Euler

conditions are respectively

r+xqg  y(g—1r
q q(1—6q)

B = (A1)

1R | (g —1) 14+ Q"
QL q(1—6q) Q*t

g (A.2)

- 1 v(g—-1) 1

1

SIS ? Bl A3
O T a-eg e A3)
where in the steady state p/ = 1 because (1) = (1) = 0. the non-arbitrage

condition between short-term and long-term bonds in steady state implies

1 142t
5= ol (A.4)
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The capital-labour ratio Is

a w
— A.
l—ar (A-5)

Since in the steady state all firms charge the same price, p = 1 and real marginal

cost is equal to the inverse of markup

= (0 (+5) =1iw =

Plugging these two equations into the production function at the steady state we

obtain the capital-output ratio which is a function of the rental rate of capital.

Y (1+e)r
= N A.
P 5 (A7)
Equation (A.6) can be rewritten as a function of the rental rate
1 \Te
AN

In the steady state, the real wage is equal to a markup over the marginal rate of

substitution between labour and consumption

[H (1 —7)]"

w=(1+46u) =

(A.9)
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Assuming that B° = 0 and considering K = N, the investment function in steady

state is

rK 4+ (1= ApQL)BL + % — T
( <751 —)Gq T, (A.10)

| =7y

Steady-state investment is the depreciated steady-state capital

—(1-2) (A.11)

The resource constraint is

Y=C+l (A.12)

Finally, from the government budget constraint the steady state tax is

T =B(QF —\QF - 1) (A.13)

A.4. Log-linear approximation

Let X, = log(%), where x is the steady state value of x;. The log-linearized

equilibrium conditions are the following:
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Investment

. ~ . ~ ~ [N L
(1 —Y)AB; + (1 — 09)A ] — OXqG: — YAPqD: — YAPGRE — y(1 + Ad)QL)?Lt + (1 + Ad)QL)?

(1—-a)r
o!

. T Y, o R
—YQIBY = yrNe+ v Te =y Vet (We + He) +yrKe =

K
(B.1)

Euler equation for equity

q-—
1-6

A N ~ r 1-6
—0C = —UEt[CH-l] — Qq: +ﬁa (1 +v ) E; [rt+1] +ﬁ’YrWE [Qt—i-l]

1-06
—5’7’me elPhiy]

(B.2)

Euler equation for long-term bonds

—0Cy = —0E[Cip1] — Qf — Ee[fteqa] + 5M ¢>E [bei1] + B [A + fy—ab] Ee[Qf1]

1 1-06 . )
B [’Y (@ + >\¢m)} E¢[Ge+1] - [ (QL + A¢w)} Ee[p1
(B.3)
Euler equation for short-term bonds
N N A 1-6 1-6
~0C: = ~0.[Cua] - OF - Bl + BV — g Elli] ~ BT gl
(B.4)
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The resource constraint

- I~ C4
The marginal cost
fﬁCt:(l—a)\/\/\/j_—‘i‘aFt (86)

The Phillips curve

_0-GB -G

'ﬁ't Cf Ct ‘l‘ﬁEt[étJrl] (B?)
The capital-labour ratio
Rt: At—At‘i‘l‘:/t (88)

The law of motion for aggregate wages

Wy = (1_Cw)mz/t+(:w(‘/‘7t—1) (B-9)
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Wage-setting decisions

1 + 6W 2 1 + 6W ~ 1 + 6W = ~
(1 +n 5 ) Wt_(l - Cwﬁ) n 5 Wt = (1_C[3) (1 +n 5 ) Et[Wt+7Tt+1]
(B.10)
Aggregate production function
Vi = aK;: + (1 — a)H; (B.11)
The first order condition for capital producers
pr=T"(1)I (B.12)
Identity condition of capital
Kepr = (1= N1 + AK: (B.13)

Government budget constraint

~

L . L ~ LA L. A~
= R(1+>\QL)Lt_R(1+>\QL)frt+Bf+(1+>\)(QLR)QiJrQLRLt+1+QSBf+1

x|~

(B.14)
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Tax rules

LN {%(zt - frt)] (B.15)

The interest rule rules

Rt = YaTe (B.15)

Government rule for issuing short-term bonds

B = Yud (B.15)
Price of short-term bonds
R? = —10g(Q°) (B.15)
B. Bayesian VAR
Consider a VAR(p) model
p
Y: = agp + Z AYij+ € (49)
j=1

where Y; is a (3 x 1) vector, ag is (3 x 1) vector of intercepts, A is a (3 x 3) matrix of

coefficients, €, is a (3 x 1) vector of residuals and €; isi.i.d. A'(0,X). An alternative
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way to write the VAR is the following; let y be a MT x 1 vector y = (y1, ..., y¥)
and similarly € = (€7, ..., €7). let x; = (1, ¥4, ..., y{_,) and X' = [x1, Xz, ..., x7]. K =
1 + Mp is the number of coefficients in each equation of VAR and X isa T x K

matrix. The VAR can be written as

y:(IM®X)a+€ ; GNN(O,Z@)/M) (50)

conjugate priors with Normal and inverse Wishart distributions are used for estima-

tion of o and €

alr ~ N (", T V) (51)

YA W(STH V) (52)

where o*, V*, S~ v* are the hyperparameters. the posterior distributions have

the form

alz ~N(a, V) (53)

Yl WS ) (54)
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where

V=[v1+ XX (55)

a=V[V A + X' XA (56)

S=S+S +AX'XA+AVIA- ANV + XX)A (57)
v=T+V" (58)
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