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Resumen

Deacuerdo conlaliteraturatradicional, el riesgo deliquidezindividual puede generar problemas
Sistémi cos Uini camente en presencia de exposiciones crediticias entre bancos o de corridasbancarias.

Este articulo muestra que este fenémeno también ocurre cuando € riesgo de liquidez individual se
convierte en riesgo de mercado para € conjunto del sistema financiero (ain en ausencia de las
caracteristicas mencionadas anteriormente). Ello sucede cuando, en presencia de una crisis de
liquidez, los bancos resuelven liquidar parte de su portafolio de inversiones en € mercado. S la
demanda por estasinversiones no es perfectamente el astica, este procedimiento conduce a una caida
en el precio de mercado delasinversiones. Dado que losbancos valoran su portafolio deinversiones
a precios de mercado, la caida del precio reduce €l valor de los activos de todos los bancos del

sistema, dejandol os en condi ciones menos favorables para enfrentar futuros choques de liquidezy,

por lo tanto, mas expuestos a la bancarrota. El articulo presenta esta idea por intermedio de la
simulacién de un model o microeconémi co queintenta capturar €l comportamiento del administrador
deliquidez de un banco que acttia en un ambiente deincertidumbre en torno a su hoja de balance. Los
resultados sugieren que este fendmeno es mas critico en tanto menos profundo sea €l mercado delas
inversiones.

Clasificacion JEL: G21, G33, L14.

Palabras claves. administrador de liquidez, riesgo de liquidez, riesgo de mercado,
riesgo sistémico, contagio, mark-to-market.
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According to traditional literature, liquidity risk in individual
banks can turn into a wide-system financial crisis when either
interbank credit exposures or bank runs are present. This
paper shows that this phenomenon can also arise when
individual liquidity risk transforms into wide-system market
risk (even in the absence of bank runs and interbank credit
networks). This happens when banks try to sell some portion
of its assets in order to overcome a liquidity shortage
(individual liquidity risk). These sales depress the market price
of assets if demand is not perfectly elastic. Given the fact that
banks mark to market the asset book, the fall of market price reduces the
value of assets of every bank in the system (wide-system market risk), leaving
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them less suited for future liquidity shortages and therefore more prone to
bankruptcies. The paper rationalizes this idea through the simulation of a
model that tries to capture the behavior of a liquidity manager that faces
shocks on bank deposits and loans. The main results suggest that the extent
of financial contagion depends crucially on the size of the market for assets.

JEL Classification: G21; G33; L14.

Keywords: liquidity manager, liquidity risk, market risk, systemicrisk, financial
contagion, mark-to-market.

l. INTRODUCTION

There is awide agreement, especially after the recent experience of a number of
countries, that financia crisesentail huge costs. Asaconsequence, financial stability
has become an important concern for economic authorities. Central banks,
responsible for the maintenance of a well-functioning payments system, now
undertake several activitiesin order to promotefinancial stability.

According to Large (2005a), one of those activities should be the “ assessment of
threatsto financial stability”, which comprises particularly the monitoring of the
risksfaced by financial institutions. A correct monitoring depends crucially on
the*stock of knowledge” about how risksarise and operatein individual financial
ingtitutions. And perhapsmorere evant, about how risksfaced by individud ingtitutions
turn into systemic risk, and eventually become material in the form of a wide-
system financia crisis.

This paper is an attempt to contribute to the understanding of the mechanics of
liquidity risk and, particularly, of theunderlying forcesthat allow liquidity crisesin
individual financial institutions to spread throughout the financial system in a
contagion-fashion.? Specificaly, the objective of thispaper isto explorethe possibility

For a concrete definition of systemic risk, see De Bandt and Hartmann (2000).

Liquidity risk is related to the possibility of a bank being unable to pay its liabilities as they fall due,
independently of its solvency situation. This «institutional liquidity risk» (Large, 2005b) —as shows
this paper— relates itself to the inability to liquidate positions «in a timely manner and at a
reasonable prices» (Muranaga and Ohsawa, 1997).
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that liquidity risk faced by individual banks turn into systemic risk through its
relationship with market risk: as will be shown, the sales of assets that banks
conduct in order to overcome aliquidity shortage (individual liquidity risk) disturb
the market for assets of every bank in the system (wide-system market risk),
possibly leading to afinancid crisis.® Thissource of systemicrisk hasbeenrelatively
left aside by recent literature.

The paper rationalizes this idea through the simulation of a model that tries to
capture the behavior of aliquidity manager that faces shocks on bank deposits
and loans. The main results suggest that the extent of financial contagion depends
crucially on the size of the market for assets, which isrelated particularly to the
aggregate demand of credit in the economy.

The paper unfoldsin three sections. The Il section reviews some of the relevant
literature, in order to locate the contribution of thispaper. Thelll section focuses
on the above-mentioned model, whilelV and V sectionswill present, respectively,
the results of the simulations of the model and some reflections that serve as
concluding comments.

II.  ATALEOFTHE LITERATURE

The appearance of systemicrisk inafinancial system, arising from liquidity risk in
individua financid indtitutions, isprobably aphenomenon asold asbanksthemsdlves?

Following Gorton (1988) and Furfine (1999), the recent literature on the topic can be
classfiedinthreegroups. It isworth noting, however, that thisclassficationisin some
sense arbitrary and that these three groups are not necessarily mutually excluding. Its
only usefulnessistolocatein astraightforward manner the contribution of this paper.

Thefirst group considersthat systemic risk isanatural result of the possibility of
bank runs. The pioneering work by Diamond and Dybvig (1983) emphasizesthe

Market risk is associated to the losses suffered by financial institutions in the possible event of a
disruption in the general conditions of the markets in which banks concur.

The materialization of systemic risk into financial crises is also an old issue. See Kindleberger
(1978) for an interpretation of the history of the most important financial crises.
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role of the liquidity structure of banksininducing runs.® In particular, theraison
d étre of banksischaracterized by thetransformation of liquid liabilitiesintoilliquid
assets. Themodel exhibits multiple equilibria: besides showing how the presence
of bankscanimproveon private (non-bank) market all ocation, one of theseequilibria
ischaracterized by abank run, in which depositors s multaneously rush to withdraw
their deposits.® The common thread of the story is that banks face shocks on
depositsthat can be backed only by aportfolio of illiquid assets, redeemable only
with discount (i. e.: banksfaceliquidity risk).’

Gorton (1988) denies the idea that sunspots are behind bank runs. Instead, he
shows that bank runs can be understood as the rational response of depositors
whose perceptions of aggregaterisk are altered. One source of alteration of these
perceptionsisthe business cycle. Histheoretical model, however, lacksan explicit
modelling of the liquidity structure of the balance sheet of banks, which is so
crucia inthe model of Diamond and Dybvig.®

An ample majority of recent researchers can be grouped into the second strand of
theliterature. According to them, individual liquidity risk becomes systemic risk
whenever “the failure of one or asmall number of institutions[is] transmitted to
others due to explicit financial linkages across institutions’ (Furfine, 1999, p. 1),
evenif bank runsarenot present. Thesefinancial linkages are commonly associated
to interbank credit exposures. In most papers, banks are subject to a common
source of uncertainty (e. g. demand for liquidity from depositors). Shocksthen hit
one or some banks.

Eventually, these bankswill default on their paymentsin interbank credit market,
leaving creditors (other banks) in ahard financia situation. Again eventually, these
creditorswill default onitsliabilitiesto other banks, and so on. Financial trouble
spreads from one bank to another in adomino-fashion.

5 Only one bank is modelled in the framework of Diamond and Dybvig (1983).

The selection between the bank run equilibrium and other equilibria is not a clear issue. According
to Diamond and Dybvig, the bank run may appear as a result of the release of some sort of negative
information, or «even sunspots» (Diamond and Dybvig, 1983). This is a very criticized feature of the
model.

The discount is exogenous.

The empirical record of bank runs has been analyzed, among others, by Gorton (1988), and Hasan
and Dwyer (1994).
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Thework by Allen and Gale (2000) isrepresentative of thisgroup. Intheir model,
banks are uncertain about their individual demand for liquidity from depositors
(and therefore subject to liquidity risk). According to these authors, a complete
interbank market allows optimal risk sharing between depositors and banks
and between banks themselves. An incomplete interbank market, instead, is
prone —under certain states of nature— to contagion of bankruptcy from banks
with unusually high demand of liquidity to other banks, through credit expositions
intheinterbank market. In much asthe same way as Diamond and Dybvig, Allen
and Gale give acrucia role to the liquidity structure of the banks balance sheet.®

To Rochet and Tirole (1996), the definition of systemic risk islimited to only the
“propagation of an agent’ s economic distress to other agents linked to that agent
through financial transactions” . These authors build amodel of interbank lending,
where under certain conditions contagion is an issue. Furthermore, they explore
how the presence of contagion-prone interbank exposures may benefit from
interbank monitoring, enhancing the results obtained with a centralized scheme of
creditinsurance or liquidity management.

The coordinating role of a centralized authority (central bank) in presence of
interbank linkages is also analyzed by Freixas, Parigi and Rochet (2000). These
authors coincide with Allen and Gale in stating that the absence of an interbank
credit market reduces the capability of the banking system to face an uncertain
demand for liquidity from depositors. Interbank credit networks, however, bring
thepossibility of contagion and rationalize an orderly (intermsof liquidating insolvent
banks) intervention by the central bank.

The contribution of an interbank credit market to liquidity risk management of a
financial system is analyzed, in the context of the simulation of microeconomic
models, by lori and Jafarey (2000), lori, Jafarey and Padilla (2003) and Estrada
(2001). Liquidity risk arisesin these models because banks are subject to deposit
aswell asinvestment shocks, that make liquidity shortageslikely. Banksare allowed
to overcome shortages by borrowingintheinterbank market. Asthe abovementioned
literature suggests, the interbank market is subject to a trade-off: it improvesthe
resilience of the systemin comparison with asituation in which thereisno interbank

7 Reformulations of the original model by Castiglionesi (2004), in order to allow an active role by the

central bank, reach similar conclusions.
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transactions, but makes the system prone to contagion of financial trouble from
one bank to another. Importantly, these authors suggest that rather than empirical
exercises, smulation of microeconomic modelsis a natural strategy to analyze
theseissues, given datalimitations on bilateral interbank credit exposures.™

Finally, thethird group of literature remainsrelatively underdevel oped. Thisstrand
emphasi zesthe disruption of financial marketsthat can be provoked by atroubled
bank. Insofar asthisdisruption altersthe value of the positions of every bank in
the system, it is possible to state that the distress of the former bank spreads to
other banks through the disruption of the market. As individual risks end up
disturbing markets, it is possible to state that, according to this group, individual
risks turn into market risk. The work by Cifuentes, Ferrucci and Shin (2005),
Schnabel and Shin (2004) and Plantin, Sapra and Shin (2005) can be grouped
into this strand.*

Inthe models by Cifuentes, Ferrucci and Shin (2005) and Schnabel and Shin (2004),
adistressed bank resortsto the sale of illiquid assetsin order to avoid default onits
interbank liabilities. Thisunambiguosly depressesthe price of the assets (disturbs
the market), and consequently the value of the portfolio of every bank in the
system (in presence of mark-to-market rules). If pricefalls enough, the bank will
default, leaving other banksin adistress similar to the one suffered by the initial
bank.

Thisstrand of literature, however, imposes several restrictions on the mechanisms
that allow individual risksturning into market risk. These models, for example, do
not include explicitly shocks on the demand for liquidity, and hence neglect therole
of the source of liquidity risk in previous literature. Instead, the initial distress
comesfrom the exogenous default of any bank in the system. Furthermore, in the
case of the model by Cifuentes, Ferrucci and Shin (2005), banks are obliged to
comply with an exogenous capital adecuacy ratio. By this mechanism, further
salesof illiquid assets are feeded by previous sal es, exacerbating the disruption of
the market.*

An obliged reference on the empirical relevance of contagion from interbank credit exposures is
Furfine (1999). For an application of physics network theory to an interbank market, see Boss et al.
(2004).

"1 These studies follow previous ideas by Allen and Gale (2003) and Diamond and Rajan (2003).

12 In a sense, the source of perturbation is exogenous.
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This paper belongsto thethird strand of literature. The model to be presented
later tries to emphasize the idea that liquidity risk can distress banks, and
distressed banks can perturb the markets in which all banks concur. This
perturbation affects the capability of other banks to withstand liquidity
shocks.* In doing so, however, the model overcomes the flaws mentioned in
the last paragraph by relying in some of theinsights provided by thefirst and
second strands. In particular, the model will explicitly include an uncertain
demand for liquidity from depositors, as most models of the first and second
group do.

Furthermore, the model isintented to show that the appearance of market risk and
financial contagion does not depend upon either the presence of interbank credit
exposures, bank runs or regulatory capital requirements. A contribution of the
model isto show that the perturbation of markets by distressed banksisanissue
even if those elements are not present.

1. THE FRAMEWORK
A A NOTE ON MICROFOUNDATIONS

In this section, the intraday problem of the liquidity manager of arepresentative
bank ismodelled. Theliquidity manager isnot only in charge of the handling of the
liquid resources of the bank, but also of the transactions that banks conduct in
themarket. The handling of liquidity and the participation in the market lie at the
heart of the mode!.

The problem that faces a bank as a whole is associated, traditionally, to the
maximization of an objective function (e. g. profits, market share) in presence of
resource as well as technological constraints (Freixas and Rochet, 1997).

Inthismodel, however, theintraday problem of the liquidity manager has nothing
to do with optimization. The absence of an optimization problemisjustified ontwo
grounds.

13 To the extent that the actions of a distressed bank end up altering the financial resilience of other

banks, the model captures financial contagion (in the sense of De Bandt and Hartmann, 2000).
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First, the problem that faces the liquidity manager is not necessarily the same
problem that facesthe bank asawhole. Rather than to maximize, the only objective
of the liquidity manager isto pay higher intraday liabilities, subject to aggregate
liquidity, and the sizes of the income statement and the balance sheet of the bank;
independent of the effect that his/her actions have on the non-modelled objective
function of the bank asawhole. When the manager is not able to accomplish his/
her objective, the bank goes bankrupt and disappears from the financial system.

Second, the model considers the effect of the disappearance of bankrupt banks.
General equilibrium models such asthose by Goodhart, Tsunirand and Tsomocos
(2004, 20053, 2005b) and Tsomocos (2003), do not take into account the possibility
of forced liquidation of banks asthe responseto financial trouble. Rather, banks
exhibit in equilibrium aprobability of default, and they either only consider to be
liguidated as a consequence of the end of the world (in the two-period version of
themodel) or ssimply do not consider it at al (in theinfinite-horizon version).

Thismodel isinstead based on the belief that the disappearance of bankrupt banks
affects other banks through several mechanisms, in particular through its effect
on competition and aggregate liquidity. So, as will be shown, the liquidation of
banksis crucial in the understanding of how systemic risk arise.

B. THE MODEL

Themodel presented in this subsection follows previouswork by lori and Jafarey
(2000) and Estrada (2001).

Thisexercise seeksto model the day-to-day problem faced by theliquidity manager
of abank, in acontext where the bank faces deposit aswell asloans shocks, that
make liquidity shortageslikely. Under ashortage, the liquidity manager isobliged
to seek for liquid funds in order to pay the liabilities of the bank. For lori and
Jafarey (2000) and Estrada (2001), banks can obtain these funds by borrowing in
an interbank market for loans.

As said before, the objective of this paper is to show the possible existence of
financial contagion in the absence of exposuresin theinterbank market for loans.
Therefore, in sharp contrast with these papers, the interbank market for loansis
not present in this model, so liquidity managers cannot solve liquidity problems
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borrowinginit. Instead, this model assumesthat banks are endowed with a stock
of assets (as government debt securities) that can be traded with other banksin
an interbank market for assets, and whose book value (as in Cifuentes, Ferrucci
and Shin, 2005) is marked-to-market.

When aliquidity manager foundsitself in aliquidity shortage, he/she can solvethe
problem by selling to other banksaportion of itstradeable asset. Asasset demand
isnot perfectly elastic, the saleswill lead to afall in asset prices. By the mark-to-
market val uation procedure, the assets of other bankswill lossva ue correspondingly,

which leaves other banks in aweaker position to face future liquidity shocks. In
thismodel, then, financial contagion istheresult of the depression of asset prices
triggered by liquidity shocksin anindividual bank.

1 The appearance of liquidity risk

Suppose that, at any point in time, the financial system is composed by a finite
number of operating banks, N.. Each bank is|abelled by the superscript k, where
kT {1,2-, N} . Thismodel does not allow for replacement of bankrupt banks.

At the start of periodt, the liquidity manager of bank kinheritsan amount of cash
holdingsfrom periodt - 1 given by:

) M"((-l =D l:-l(l - b) - Ll:-l - pt-lAl;-l
where:

M¥ . Cash holdingsinherited from periodt - 1.

D - Deposits held by the public in bank kat theend of t - 1.
b: Reserve requirement on deposits set by the central bank.*
L* - Stock of loans extended by bank k until the end of t - 1.
A . Stock of tradeable asset of bank k at theend of t - 1.

The central bank is modelled as a strategic dummy whose tasks are to set the reserve requirement
and to oversee the liquidation of bankrupt banks. This model does not take into account any
scheme of financial regulation in terms of capital requirements. As was mentioned, the objective
of this exercise is to show the possibility of financial contagion in the absence of capital requirements
forcing the balance sheet of banks.
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p,,- Unitary market price of tradeable asset at the end of t - 1.

According to expression (1), the cash holdings of bank k at the beginning of t
corresponds to after-b deposits minus the total operations in which bank k has
engaged. Note that the only balance sheet item that is valued at market pricesis
the stock of tradeable asset. Thisfact implicitly assumesthat the set of remaining
items have a constant price of 1.

At the beginning of t, the bank simultaneously receives paymentsfrom loans, must
pay interest on deposits, and faces shocksin its stock of deposits. The model also
assumes that the tradeabl e asset produces incometo its holder.

Loansmust berepaid after two periods. Therefore, the payment from loansreceived
by bank k at the beginning of periodtis:

2 (L+r)2L,

wherer  isthe one-period interest rate that banks charge on loans. Note that this
expression impliesthat borrowers do not pay interest income one period after the
loan was extended.

Theinterest rate payed on depositsis determined endogenously according to the
model of Salop (1979) in the following way (for a detailed analysis see Freixas
and Rochet, 1998):

3 r,=r,-@/N)

This specification attemptsto capture the effect of competition on depositsrate. When
thefinancia systemislarge (N, islarge), thedeposit ratewill tend tor | andthemargin
will tend to zero. The reduction in the number of banks caused by bankruptcieswill
movethedepositsrate downwardsand will consequently increasethemargin. Finally,
interests are paid on the stock of deposits observed at theend of t - 1.

The interest proceeds from the holding of the tradeable asset are exogenous. To
smplify, thismode assumesthat the tradeabl e asset has no maturity, so the proceeds

15 Because of mark-to-market rules, market price equals book price.
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fromholding it correspond only to the stock of the asset multiplied by an exogenous
and constant interest rate, r .. For reasons that will become clear later, the only
restriction onthevalueof r _isr_£r .

The gap in thetiming between the paymentsfrom loansand the paymentsto depositors
isprecisely asourceof liquidity risk inthisframework. If the effect of other balance
sheet itemsisisolated, banks are proneto liquidity shortages because they have not
still received income from loans at the moment when the must pay to depositors.*

Theother sourceof liquidity risk inthismode isthe stochastic pattern of withdrawals
and cregtion of deposits. Given that the behavior of depositsisunpredictable, aliquidity
manager can find itsalf unableto pay depostorsduetotheilliquidity of itsinvestments.

This model assumes that aggregate deposits are exogenously deterministic, and
aredivided in two portionsthat are distributed among banks. Thefirst portionis
the determini stic component of aggregate depositsthat isdistributed prorrataamong
banks. The second portion isthe stochastic component of aggregate deposits, and
is distributed randomly among banks. The decomposition of aggregate deposits
into a deterministic and a stochastic component is exogenous. The behavior of
depositsin anindividual bank followsthen:

(4) Dtk = le'((—l +@-pIlt-s) (O,/N, + Sdetk D, ]
where:

D, = Aggregate deposits at t.

p : The autorregressive component of deposits of bank k.

s, The stochastic share of aggregate deposits. As can be seen, s T [0, 1]. This
means that the stochastic share is an exogenous percentage of aggregate deposits.

e*: The share of the stochastic component of aggregate deposits that goes to
bank k at the start of period t. Bank deposits are random because e is random.

16 The gap between the maturity of assets and the maturity of liabilities, that traces back to Diamond

and Dybvig, is precisely used as a measure of liquidity risk by, for example, the Financial Sector
Assessment Programs (FSAPs) of the International Monetary Fund.
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eXisuniformly distributed across banks and satisfies3 M e*= 1.

The uniformity of e* implies that any individual bank face the same conditions
than itscompetitors, unlesstheinitial size of banksdiffers. Thisisindicative of the
competitive environment in which banks act.”

Before proceeding, itisworth noting that equation (4) doesnot allow the possibility
of bank runs. In accordance with (4), depositors shift deposits from one bank to
another in a random way, not as a rational response to their forecast about the
financial soundness of the bank. Moreover, aggregate deposits are not affected
by the behavior of depositors. Thisfact implicitly assumesthat depositors do not
withdraw resources from the financial system as a whole, asis the case with a
bank run.

2. Liquidity shortages

After receiving interest income from assets, and pay interest and face shocks
on deposits, the liquidity manager of an individual bank finds it self with an
intraperiod -t position in cash given by thefollowing expression:

UJ
5) M¥=M< +(Df-D)@A-b)-r D +(L+r )L, +r A

dt— t-1 a t-1

Substituting M¥, from equation (1), it is possible to get:

U
(6) Mtk + thk = Dtk B (pt-lAl:-l) B Ll:-l' o Dl:-1+ 1+ rl)2 Ll:-z + raAl:-l
Equation (6) correspondsto the liqui d‘ipsources of the bank during period t:
the sum of intraperiod positionin cash (M*) and depositsin the central bank in the
form of reserve requirements (bD*).

Liquidity risk materializesintheform of aligtjidity shortagewhen theliquid resources
during period t are negative, i. e.: whenM* + bD* < 0. It is easy to show that, if
liquid resources are negative:

17" The behavior of individual bank deposits may be justified on the grounds of depositors that move

randomly across geographic regions that are associated with a specific bank.
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(7) Dtk - (pt—l Aif(-l) - Ltl+ 1+ rl)2 Ll:-z tr, Akt-l £ o Dl:-l

Equation (7) statesthat the bank is unable to pay his/her obligationsto depositors,
because of theilliquidity of its assets. On the contrary, when a bank has positive
liquid resources, it has resourcesin excess of its obligationsto depositors, which
may be referred to as “liquidity excess’. The liquidity excess is available for
investment in loans or tradabl e assets.

3. The Interbank Market for Tradeable Assets

Inthe absence of aninterbank market, aliquidity shortagewould imply theliquidation
of the bank.*® Notwithstanding, before liquidation, theliquidity manager cantry to
solve his/her liquidity problem by selling aportion of his/her stock of the tradeable
asset. The stock of the tradeable asset that needs to be sold by bank k during
period t, s¥, istherefore equivalent to its liquidity shortage (of course, s* will be
zero if the bank hasaliquidity excess):

_ U
(8) s“=-min [0, (M* + bD//p,)]

Note that the bank calculates the necessary sales with the market price of assets
observed at theend of t - 1, i. e.: before the market for tradeabl e assets open.

Tradeable assets can be sold only to other banks (and as will be showed later, to the
centra bank only incaseof liquidation of thebank). Thismeansthat the potentia purchasers
of tradeable assats are banks with liquidity excesses. However, banks with liquidity
exceses give priority to extend loans, which is granted by making the interest rate on
loans greater than the interest rate on tradeable assets. The loans abank with liquidity
excess can extend behave stochastically inasmilar way asindividual bank deposits. In
particular, the opportunity for bank kin periodtto extend loansis:

@  Of=[(L-S)W/N)+V*s, W

where:

'8 |n this model, the central bank is not allowed to offer liquidity assistance to solvent banks.

Therefore, the «Lender of last resort» role for the central bank is not present.
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W: Aggregate demand for loans, assumed constant.

s . The stochastic component of aggregate demand for loans. As can beseen, s | ]
[0, 1]. Thismeansthat the stochastic portion isan exogenous percentage of aggregate
demand.

v¥: The share of the stochastic component of demand that goes to bank k during
periodt.

The actual amount of loans extended in periodt isconstrained, of course, by the
liquidity excess (net of the reserve requirement) of the bank. In other words,
if 0 is greater than the liquidity excess (net), the amount of loans extended
must be equivalent to the liquidity excess (net). That amount therefore
correspondsto:

_ UJ
(10) w* = min{max[0, M*], o'}
Note, that according to (10), bankswith liquidity shortages do not extend loans.

If after extending loans, the bank is still left with liquid resources, this excessis
spent by the bank purchasing tradeabl e assets to banks with aliquidity shortage.
The stock of assets purchased by bank k during t isgiven by:

UJ
11 btk =( Mtk - Wtk) / Py
From (11) note that the greater w* (i. e.: the greater the opportunity to extend
loans), the smaller b and hence the smaller the demand for tradeabl e assets (the
smaller the market of the tradeable asset). Finally, the working of the market for
the tradeable asset is given by the following definition.

Definition 1 Market for tradeable asset. The market for tradeable asset is a
double (X, p,) consisting of amatrix of transactions of tradeabl e assets, X , whose
dimensions are N, X N, and a new price for the tradeable asset at which all
transactions are conducted, P, such that:

(a) x, £min[s’, b1 " i,jT [1 ..., N]

(b) anx £
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Item (8) definesthe elementsof X. Theelement (i; j) of X correspondsto atransaction

conducted in the market by a seller bank (i) and a purchaser bank (j). According to

item (b), the sum of each of the columns of X (which correspondstothetota purchases
by bank j) must be equal to theliquid resourcesthat bank j had destined to it. Item (c)

satesthat totd salesby bank i may be smaller thanitsliquidity shortage (never grester,

bank i cannot short sl thetradeable assat). Inthissense, the market will not necessarily

clear. Item (d) determinesthe evolution of the market price of thetradeable asset asa
negative function of the excess supply inthe market, wherel | isapositive constant
that represents the sensitivity of p, to the excess supply. This priceis not intended to

clear the market, but to capture the idea that even if the market does not clear, a
greater excess supply depress unambiguously the price. Finaly, p, isthepriceat which

all transactionsin the interbank market for the tradeable asset are conducted.

Asfa asthe smulation isconcerned, the code starts by taking abank facing aliquidity
shortage, making surethat the shortage satisfiestwo conditions: fird, it can be satisfied
with the liquidity excesses of the other banks. Second, the sale of its total stock of
tradeable assetsisat least enough to cover the shortage™ If both conditionsare satisfied,
the market is open: this bank contacts any other bank in arandom order. If the latter
facesaliquidity excess, atransaction between thetwo banksisagreed accordingtoitem
(8. Thetransactionis agreed at pricep,. If theformer bank does not cover the shortage
with thistransaction, then it contacts any other bank, until the shortageiscovered. The
code takes then another shortage bank, and so on. The code stops when there are no
moreliquidity excessesto buy tradeable assets (the market closes). From that moment,
itisclear that somebankswith liquidity shortagewill not beableto cover it.

4, End of Period t and the Channel of Contagion

At theend of periodt, after the closure of the market for tradeabl e asset, al banks
left with liquidity shortagesareliquidated(i. e. are bankrupt). Aswas mentioned, a

19 If the shortage do not satisfy any of these conditions, the bank is liquidated according to the

procedure that will be presented later.
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bank isbankrupt if the market closed beforeit could agree any transaction, or if its
stock of assets was not enough to cover its shortage.

The central bank overseesthe liquidation of every bankruptcy. In particular, the
central bank distributes the liquidation value of the bankrupt bank among its
depositors who, in turn, redeposit these resources in the remaining banks.® The
liquidation valueisthe sum of the intraperiod position and afraction gof its assets
(loans and tradeable assets), minus total liabilities (deposits). Whenever the
liquidation valuefalls short of the obligations of the bank, aggregate depositsare
reduced by the difference.

Theevolution of total depositswill then be given by:

o U _
(12) Dt = Dt—l + j%{ MtJ +9 [LtJ+ ptp\!l - Dt}
Note that the sum correspond to those banks that fall bankrupt (B). According to
(@), the cash holdings at the end of periodt for surviving banksare:

(13)  M¥=D/(1-b)-Lk-pAX

Note that A“ is valued at price p. So, even if the bank has not engaged in

transactions of tradeable asset, the new stock of the tradeable asset is valued at

the new market price according to the mark-to-market valuation procedure. This
isprecisaly the channel of financial contagion emphasized inthismodel: thefall in

the value of assets caused by the shortages of some banks (as the supply of

tradeabl e assets exceeds demand) has an important effect on other banks: it leaves
them lesswell-suited for futureliquidity needs, insofar asthe buffer to faceliquidity
shortageslosevaue. Themodel shows, then, how liquidity risk can turninto market
risk for banks, and how the interaction between market and liquidity risk can

spread between banks causing financial crises, which is understood here as a
large number of almost simultaneous bankruptcies.

The next section will try to understand in more detail, by means of simulations of the
previousmodd, this «mechanics» of theinteraction between liquidity and market risk.

20 These resources add up to aggregate deposits, that will be distributed among banks according to
(4).
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IV. SIMULATIONS

This section focuses on the results of several simulations of the above model. All
simulations share two featuresin common. First, to the end of comparahility, al of
them used 10 starting banks (N, = 10) and 150 iterations (periods of time), with the
exception of the simulation of the Colombian banking system. Second, to theend
of exacerbating liquidity risk, starting banks are divided arbitrarily in two groups:
thefirst group doesreceiveinterest proceedsfromloansint = 0and doesnot in
t=1(i.e.: they did extended loansint =-2, and did not int =-1), whilethe second
group does not receive interest proceedsfrom loansint =0, and doesint =1(i.e.
they did not extended loansint=-2, and didint =-1).

Additionally, because of the random features of the simulations and the consequent
caveats about robustness, each one of them (i. e.: 150 iterations for 10 starting
banks under a given set of parameters) was run 1,000 times. The results showed
below correspond therefore to an average of those 1,000 exercises.

Thefirst set of simulationswere performed under the assumption of homogeneous
starting banks.? This assumption is removed in the second and third set of
simulations. Second set imposes randomly heterogeneous starting banks, as in
lori, Jafarey and Padilla (2003), while third set explores the effect that the model
dynamics has on a system whose balance sheet structure mirrors that of the
Colombian financia system.

From here on, the number of surviving banksin each moment of time will bethe
main measure of financial resilience.?

A. HOMOGENEOUS BANKS

Starting 10 banks are endowed with 1,000 units of deposits and tradeable assets.

1,000 units of starting loans are given to the first group of starting banksint =-2
and to the second group int =-1.%

21 Besides the properties of ¥ homogeneity refers to an identical starting balance sheet.

22 The model is inherently prone to instability. Only under certain sets of parameter values, a positive

number of banks survive the horizon of 150 periods of time. Therefore, financial resilience can also
be captured by the number of periods that are needed to go bankrupt the whole financial system.
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Graph 1 shows the effect of W (aggregate demand for credit) on the resilience of
the system (and therefore on the extent of financial contagion). On average, the
smaller the demand for credit, the sounder the financial system. When aggregate
demand equal s 500 (a twentieth of aggregate starting deposits), an average of 6.4
banks survivethe 150 periods of time, after ahugefinancial crisisin early iterations.
The number of surviving banksfallsto 4.8, 3.6 and 1.7 when W is 1,000, 2,000 and
3,000 respectively.

For levels of W of 4,000 or 5,000, no bank survivesthe horizon of 150 iterations.
In the former case, however, all banks go bankrupt in an average of 51
iterations, whilein thelatter it requiresonly 11 iterations.

Surviving Banks and Aggregate Demand for Credit
(homogeneous banks)

[0 JL S R S SR
25 50

—500 ——1,000

125 150 175 200
23000 4000 ——5,000

Source: authors' calculations.

23 The set of parameters employed in these simulations were: @ =0.1, b =0.2, s (when not variable)

=s,=9g=p=05,r,=0.1,r_ =0.05 w=2000 (when not variable), I =0.01.
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These results are interpreted in terms of the effect of W on the size of the
market for tradeable assets. When the aggregate demand for credit is low
(high), the opportunity of banks to extend loans falls (rises) in concordance
with (9), which at least decreases (increases) the actual amount of |oans ex-
tended according to (10). If thisamount falls (rises), the demand for tradeable
asset (11) rises (falls) for bankswith liquidity excesses, whichin turn widens
(narrows) the market.

Finally, if demand is high(low) the fall of market price will be less (more)
pronounced (see item (e) in definition 1), which inhibits (exacerbates) the
perturbation of the market emphasized in the model. In summary, the negative
effect of W on the extent of contagion can be understood in the light of its
negative effect on the size of the market for tradeable assets, and therefore,
on market price.

Graphs 2 and 3 show the effect of s (random share of deposits) and b
(reserve requirement) on the resilience of the system. According to Graph 2,
amore random pattern of individual deposits (in terms of a greater s ) has
not a clear effect on resilience. Except in the case with s,=0.1,no value
for s  hasasimilar effect. For values of s  ranging from 0.3 to 0.9, anumber
of banks ranging from 2.3 and 3.1 survives after afinancial crisisthat leaves
half of the financial system in bankruptcy. If the dispersion of simulationsis
included, these results are not «statistically» different. The extent of contagion
viamarket perturbation does not depend therefore clearly on the volatility of
deposits.

Thereserve requirement has anegative effect on financial resilience in much
as the same way as the aggregate demand for credit. As far as this model
assumes that marginal reserve requirement equalstotal reserve requirement,
a higher b makes liquidity shortages more likely according to (1).

B. RANDOMLY HETEROGENEOUS BANKS
To induce heterogeneity of banks, each one of the 10 starting banks is endowed
with an equal stock of deposits, investment and loans(int =-1 or t =-2), randomly

chosen in the interval [0,1000]. To enhance robustness in face of an additional
source of randomness, these simul ations were performed 5,000 times.
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Surviving Banks and Deposit Randomness (Homogeneous Banks)
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Source: authors' calculations.

Surviving Banks and Reserve Requirements (Homogeneous Banks)
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Source: authors' calculations.
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In the case of heterogeneous banks, the dispersion of results is smaller.* The
negative effect of Won theresilience of the system remains (see Graph 4), although
inall simulationsall bankswent bankrupt in arange of 4to 16 iterations.

Moreover, as seen in Graph 5, the effect of the volatility of deposits remains
unclear, although in this case the abnormal value of s is0.9instead of 0.1.

Similar results are obtained with the reserve requirement (Graph 6): rather than
having a clear one-directional effect on contagion, the case of heterogeneous

Surviving Banks and Aggregate Demand for Credit
(Heterogeneous Banks)

ob— v v b by
60 65 70 75 80 85 90

------500 ——1,000 2000 - 3000 -—----4000 ——5,000

Source: authors' calculations.

24 The set of parameters employed in these simulations were: @ = 0.1, b = 0.2 (when not variable), S,
(when not variable) =s_=g=p =0.5,r =0.1, r_=0.05 w= 2000 (when not variable), | =0.01.
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banks do not exhibit aclear effect of reserverequirement onresilience. Differences
arenot, moreover, «statistically» significant.

C. HETEROGENEOUS BANKS: A SSMULATION
OF COLOMBIAN FINANCIAL SYSTEM

On November 2005, 16 bankstook place in the Colombian banking system. This
isthe only set of simulationswith adifferent number of starting banks. To mirror
the structure of this system, the 1,000 units of the homogeneous case were
distributed among the 16 banks according to the participation that each bank had
on November 2005 on the total stock of the respective balance sheet item. For
example, if Bancolombia (the biggest bank in the system) had 25% of deposits
on November 2005, the simulations give to Bancolombia 250 units as starting
deposits.

Surviving Banks and Deposit Randomness
(Heterogeneous Banks)

66 68 70 2 74 76 78 80 82 84

Source: authors' calculations.
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It isimportant to note that, in this case, the distribution of bankswith loansin
t=-1andt = -2 altersnot only the results of the simulations but the concept of
the incidence of liquidity risk in the financial system. This occurs because the
distribution imposes amisleading conjecture on the real exposureto liquidity risk
of Colombian banks. This obliges to present the results under two extreme
distributions of banks: first, assuming that the 8 biggest banks extend loansin
t = -1; second, assuming that the 8 smallest banks extend loansint =-1.%

Graph 7 shows the effect of the aggregate demand for credit (W) on the extent of
contagion under thefirst distribution of banks. Y et again, on average, the demand

Surviving Banks and Reserve Requirements
(Heterogeneous Banks)

66 68 70 72 74 76 78 80

—01 - 03 0.5 —0.7 —09

Source: authors' calculations.

25 Banks are ordered according to its share of total stock of loans.

26 The set of parameters employed in the simulation of the colombian financial system were: a = 0.1,

b =0.06 (not variable in this case), s, = 0.9 (estimated, not variable), s, =g= 0.5, p =1 (estimated),
r, =0.152 (calculated), r,=0.00132 (calculated), I = 0.01.
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for credit exertsanegativeimpact on theresilience of the simulated Colombian
financial system. Inthiscase, if demand for credit equals ahalf of the observed
aggregate stock of loans (W = 500), an average of 15.94 banks survive the
150 iterations. This number reduces slightly to 15.90 if aggregate demand
rises to W= 1,000. All banks fall bankrupt only when the demand of credit is
more than ten times the observed stock of |oans.

Graph 8 demonstratesthe robustness of thisresult in face of adifferent distribution
of starting banks. Results are qualitatively similar under the second distribution of
banks.

V. CONCLUDING COMMENTS

Thematerialization of individud liquidity risk into systemicrisk and, eventualy, intoa
wide-system financial crisis, is a widely studied issue. It has been associated,

Surviving Banks and Aggregate Demand for Credit in Colombia
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Source: authors' calculations.
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Surviving Banks and Aggregate Demand
for Credit in Colombia
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Source: authors' calculations.

traditionally, to the presence of bank runsand/or financial interlinkagesin banking
systems. The purpose of this paper wasto show that liquidity risk may alsoend upin
systemic risk when troubled banks disturb financial markets. In thissense, individual
liquidity risk turnsinto market risk, before hitting other banksin acontagion fashion.

Thispaper showed by means of the simulation of amicroeconomic model not only
that the af orementioned mechanismworks, but that it dependscrucially on the depth
of thefinancial marketsinwhich banks concur. By thisway, this paper contributes
to the understanding of the mechanics of liquidity risk, and does so by relying on
some of the most important insights of current literature. Indeed, the mechanisms
emphasized in this paper have been relatively left aside in recent works, and when
takeninto account, severely restricted. This paper lifted several of thoserestrictions.

In order to complement these contributions, some additional reflections are
noteworthy.
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The practical usefulness of these results may be questioned on the grounds that
they arise from avery limited theoretical specification.”

Despite the controlled environment of the microeconomic model, it ispossibleto
state that these resultsleave some practical lessons: firstly, the very simplefact of
liquidity risk turning into market risk. In the case of Colombia, for example, recent
statements from the economi ¢ authorities point to the growing relevance of market
risk for the stability of the financial system.” Market risk is actually considered
the most important risk facing the financial system, and perhaps under asituation
of liquidity stress, fears about market risk may exacerbate.

Moreover, theresults point to several variablesthat on apure environmentneed to
be monitored closely in order to avoid the exacerbation of market risk arising from
liquidity risk. Among them, the results suggest the need to monitor the depth of the
marketsin which banks concur.

Alsoin practical grounds, fears can arise that the mechanisms outlined above are
a by-product of the increasing complexity of current financial systems and
instruments. Thework by Schnabel and Shin (2004) (about the European financial
crisisof 1763) is there to remember that it is not necessary a huge and complex
system of institutions and instruments to see how liquidity risks transformsinto
market risk. Thisisacaveat in favor of the simplicity of the above framework.

Finaly, itisworthto mention asubtle practical |esson emerging from the mechanics
of themodel. According to Plantin, Sapraand Shin (2005), fair accounting interms
of marking the bank book to market (despite its transparency benefits) poses a
threat to financial stability by accentuating financial cycles. In the context of the
presented model, mark-to-market rules place the same restrictions on financial
Sability.

27 The story told in this paper makes no sense, for example, if the model includes a central bank ready

to inject any needed amount of liquidity at any point in time.

28 See, for example the Financial Stability Reports of the Banco de la RepUblica de Colombia. Around

a third of the assets of the colombian banking system is placed in tradeable assets, particularly
government debt securities.
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