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INTRODUCTION

A financia crisis usualy is due to the emergence of one or more risksto the
financial system at aparticular pointintime. The coststo the economy affected
by acrissarehigh, whichiswhy financia system stability isof constant concern
to economic authorities, including the central banks.!

Accordingto Sir Andrew Large (2005), Deputy Governor of the Bank of England,
this concern should translate into a profound analysis of those risks, the idea
being to monitor their course in the interest of preserving financial stability.
Nonetheless, any such analysisdepends essentially on what isknown about the
origins of the risks at hand and, more importantly, the underlying forces that
might result in asituation werearisk to aparticular institution becomesaproblem
for the financial system asawhole.

The intention of this article is to help readers understand the mechanics of
liquidity risk, particularly the forces that allow it to be “transmitted” to every
ingtitutioninthefinancia system, intheevent of acrisis.2 Specificaly, wetry to
show how theliquidity risk to theseingtitutions can becomeafinancial crisisby
being “converted” into a market risk. Briefly speaking, the process works as
follows. Whenafinancia indtitution runsintoliquidity problems, it triestoliquidate
some of its negotiable assetsto cover itsobligations. If the demand for those

Mr. Osorio is an expert in analysis and financial stability. Mr. Estrada is the Director of the
Financial Stability Department at Banco de la Republica. The present article is a summarized
version of Estrada and Osorio (2006). The authors wish to thank David Salamanca, Esteban
Gbmez, Carlos Andrés Amaya, Juan Pablo Arango and Hernando Vargas for their comments. All
errors and omissions are the sole responsibility of the authors. This is a work in progress;
therefore, comments are welcome. The opinions expressed herein do not necessarily reflect
the position of Banco de la Repiblica or its Board of Governors.

1 In the case of Colombia's central bank, a financial crisis could even restrict the application of
monetary policy. See Vargas et d. (2006).

2 Liquidity risk is associated with the possibility that a financial institution might be unable to
meet its obligations, as required, given a lack of liquid resources to do so.
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assetsisnot perfectly elastic, their pricewill drop. And, if the bankslist those
assets on their balance sheets at market prices (mark to market), the drop in
priceresultsinalossin portfolio valuefor every ingtitution in system. Thisis
how liquidity risk ends up becoming amarket risk.

This ideais explained herein by simulating a microeconomic model that
captures abank’ streasury objectivesand behavior intheface of uncertainty
surrounding its liquidity needs and opportunities for investment. To
accomplishthis, thearticleisdivided intofour sections. Thefirst classifies
the major contributionsto literature on how liquidity risk operates. Aswe
attempt to demonstrate, literature on this subject tends to ignore the
“mechanics’ of liquidity risk. The second section provides an outline of the
model and thethird containstheresultsof itssimulations. Thefourth section
offers several thoughtsin the form of aconclusion.

l. STATE OF THE ART

Recent studieson individual liquidity risk asthe source of systemicrisk can
be classified into three groups® This classification is, however, arbitrary
and not necessarily exclusive; its only objective is a straightforward
identification of how the ideas contained in this article contribute to the
state of the art.

Thefirst group of studies emphasizestheideathat liquidity risk can pose
a problem for the financial system as awhole, given the possibility of a
run on banks. Diamond and Dybvig (1993) outline this situation using a
model that exhibits a possible equilibrium where all depositors “run” to
the bank to withdraw their deposits.# A particularly valuable feature of
their study —which isreflected in thisarticle—isitsbaseline: namely, the
structure of bank liquidity. In other words, the reason for a bank’s

3 Systemic risk is associated with the possibility that the financial problems of a particular
ingtitution subsequently (and by various means) could have an adverse effect on other ingtitutions
(see De Bandt and Hartmann, 2000). While our review focuses on the most recent articles (i.e.
since circa 1980), it does not imply the phenomena mentioned are new or have not been
analyzed before. For example, see Kindleberger (1978) for what is now a classic anaysis.

4 This equilibrium is, however, just one of many that are possible in the model, and the selection
of any one in particular is not justified. Gorton (1988) suggests the appearance of a bank-run
equilibrium is determined by how agents perceive the aggregate state of the economy. Groton
(1988) and Dwyer and Hasan (1994) have analyzed various historic experiences with bank runs.



existenceimpliesthetransformation of liquid liabilities (deposits) into non-
liquid assets (portfolio). This transformation implies the emergence of
liquidity risksin the event that banks face deposit shocks.

Most of the researchersfall within the second group of studies where, in
thewordsof Craig Furfine (1999), liquidity risk can be asource of systemic
risk as long as “the failure of one or a small number of institutions is
transmitted to others through explicit ties between them” (our translation
and italics). These ties are associated, primarily, with the existence of
credit exposure on the interbank market. When a bank fails because of a
liquidity problem, it inevitably declaresitsinability to pay itsliabilitieson
theinterbank market. Thisleaves other banksin adifficult financial situation
and eventually in bankruptcy (with the subsequent inability to pay their
ligbilities).

Various studies associated with this group analyze the problem from
different angles. They include Allen and Gale (2000), Rochet and Tirole
(1996), Freixas, Parigi and Rochet (2000), Castiglionesi (2004), lori and
Jafarey (2000), lori, Jafarey and Padilla (2003) and Estrada (2001). The
last two works share afeature taken up in thisarticle: computer simulation
of a macroeconomic model that captures a bank’s treasury behavior.
According to the authors, because of the controlled environment and the
limitations in existing information,® this is a good way to address the
problem.

Thethird group of studiesistheleast developed. I1ts most representative
authors are Schnabel and Shin (2004); Cifuentes, Ferrucci and Shin (2005)
and Plantin, Sapraand Shin (2005). According to their conclusions, when
an institution encountersliquidity problems, it generally will try solvethem
by selling off aportion of itsliquid assets, thereby disrupting the market
for negotiable assets in which other institutions participate. Thisishow
liquidity risk becomes a market risk. Nonetheless, the works of these
authorsimpose a series of restrictionsif the mechanism to become areality.
For example, the presence of an interbank market or procyclical capital
controlsisrequired. Moreover, they do not explicitly model the existence
of liquidity risk.®

Thefundamental ideabehind the present articles originateswith thislast group,
asour objectiveisto show that abank with liquidity problems can be asource
of market risk for therest of thefinancial system. Therefore,we will attempt

5  There are several empirical studies on the appearance of contagion in interbank markets. See
Furfine (1999). An interesting application of the network theory to this problem is developed
by Boss et al. (2005).

5 In these articles, the source of initia disruption is always exogenous.
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to explicitly include liquidity risk, using the ideas of the first group —
through a simulation model similar to those of the second group —and to
overcome therestrictionsimposed by the third group. We also attempt
to show that the mechanism for conversion (from liquidity risk to market
risk) is present, even without the existence of a bank run, interbank
market or procyclical control, as argued by each of the three groups, in
that order.

Il. THE MODEL
A. The Assertion

Thetheoretical exercise presented in thissection isbased on prior works
by lori, Jafarey and Padilla (2003) and Estrada (2001), which consist of
a model that captures the daily problem faced by the treasurer (or
liquidity manager) of afinancial institution in an environment of uncertainty
surrounding the depositors’ liquidity needs and theinstitution’ sinvestment
possibilities.

The treasurer described by the model can be regarded as arepresentative
agent of the financial system. The fundamental assumption, therefore,
isthat hisbehavior isrepresentative of that of all treasurers of all banks
in the system, and his sole objective isto meet the bank’ s obligation to
depositors who need liquidity. Moreover, thetreasurer has no financial
toolsat hand to cover al liquidity contingencies.” The following structure
represents the financial institution’s equilibrium, on the basis of which
the representative treasurer makes his decisions.

Loan Portfolio
Investments in negotiable assets Deposits
Cash

The bank’ s assets are comprised of the loan portfolio, investmentsin a sole
negotiable asset, to be bought or sold on the market and listed on the balance
sheet at market prices,® and cash. The bank’ s liabilities are the deposits of its
customers.

Given therandom behavior of deposits, the bank might not have enough cashto
satisfy the demands of its depositors. Asmentioned earlier, inthismodel, the

7 In this sense, the model is characterized by the presence of incomplete markets.

8 In other words, mark-to-market practices are used in the valuation of this asset. The other
items on the balance sheet are not traded on the market.



treasurer has no interbank market to turn to. So, he tries to sell the bank’s
investmentsin the negotiabl e asset, and the buyers of such investmentswill be
other treasurerswhose liquidity position may not be problematic. The supply
and demand for investments on the market are what determine the new market
price at which the investments of al banks are valued. If the price falls, so
does the value of the investment portfolio of all banks, leaving them in aless
comfortable positionto deal with futureliquidity shocks.

B. How the Modd Operates. What happens during period t?

Figure 1 representsthe temporary structure of the model, focused particularly
on what happens within a representative period of time; that is, periodt. At
the start of periodt, thefinancia systemiscomprised of N, banks, labeled with
the exponentk, wherekl {1,2,...,N}. Whenthe period begins, bank treasurer
k inherits an amount of cash from the previous period, M¥,. Said amount co-
mes from subtracting the transactions in which the bank has been involved
from net reserve deposits (expression (1) in Figure 1). Oncein possession of
thisamount, the treasurer must deal with four types of flows simultaneoudly:

1 Portfolio earnings income from capital and interest on the portfolio
placed two periodsearlier; theinterest rate (r ) isexogenousand constant
(expression (2)).

2. Income frominterest on investments: received in proportion to the stock
of investments. The interest rate () is constant and exogenous
(expression (3)).

3. Outlaysfor interest on deposits: paid every period. Here, thedepositors
never "run” on the bank to withdraw the capital from their deposits (this
model does not include bank runs), except in the case mentioned in the
following point. Therate of interest paid to depositors (r ) isgivenin
expression (4) asafunction of thenumber of banksinthe system (Salop,
1979). A liquidity gap inevitably occurs as aresult of the difference
between the frequency of portfolio earnings and outlays on deposits.®

4. Movements of depositors between banks: athough depositors never
conduct a"run" on the banking system, they might move their deposits
from one bank to another due, for example, to geographic migration.
The equation (5) takes into account the behavior of the deposits with
each bank. According to that expression, the accrued deposits of the
financial system (given exogenoudly) are distributed at random among
all the banksin thefinancia system.

9 In the International Monetary Fund's Financial System Assessment Program (FSAP), this liquidity
gap is a crucia tool when analyzing risk to the financial system.
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THE REPRESENTATIVE TREASURER MODEL

Inherited from the previous period: MK, =DK @- b)- LY, - p1 A @
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Donde:

t: index for the period

k, i, j: bank ratios

M: cash

DX: : deposits of bank k

b: reserve

L:loanportfolio

p: market price of the negotiable asset

A: stock of investmentsin the negotiabl e asset

r,:lending rate

r .. yield on the negotiable assete

r,. deposit rate

a : cost associated with movement by depositors

D: aggregate deposits

p : self-regressive component of deposits

s, random component of aggregate deposits (to be distributed among the N banks)
ebk: the portion of random deposits remaining to bank k

M : the cash position during the period

o¢: portfolio of loans bank k isableto extend

W: aggregate demand for credit

s - random component of aggregate portfolio demand (to be distributed among theN banks)
u X: the portion of random portfolio demand that remainsin bank k

w: amount of the portfolio effectively extended by bank k

s/ supply of negotiable assets

b): demand for negotiable assets

X transaction carried out between bank i (supplier) and bank j (demander)
| : parameter that incorporates the elaticity of the demand

B: banksthat fail

0: percentage of assetsrecovered for depositorsin theliquidation process.

Based on thefouregoi ng (with abit of algebral?), thetreasurer calculates his
cash position (M¥) and, more often, his"intraperiod liquidity position (IPLP)".
This indicates the amount of liquidity he has on hand to pay depositors
(expression (6). It is comprised of the sum of cash (M¥) and available
reservegbD). The combination of the four flows can |leave the treasurer
in one of two situations:

©  The agebra in this section is not presented, but will be provided by the authors upon request.
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N Positive | PLP: the treasurer has enough liquidity to pay depositors, and
the surplusisequivalent to the IPLP (7).

N Negative IPLP: the treasurer does not have enough liquidity to pay
depositors, in an amount equivalent tothe IPLP (8).

Once all the bank treasurers have undergone the same experience, the banking
system isleft divided between banks with aliquidity surplus and those with a
shortage. Thebankswithaliquidity shortageturntothemarket for the negotiable
asset to liquidate aportion of their investment stock and to securetheliquidity
they lack. The amount of the negotiable asset that needs to be sold on the
market is given by expression (12). It equalsthe IPLP divided by the price of
the negotiable asset before the market opens (p,,)."*

Thebankswith apositive|PLP do not useall their surplusliquidity to purchase
investmentsinthenegotiableasset. First, they invest aportioninloan portfolio
placement.2 However, the portfolio that can be placed aso has a stochastic
pattern given by expression (9), where the aggregate demand for credit in the
economy (W) is exogenous and constant. The amount of the portfolio the
treasurer is effectively ableto place (w/ in expression 10) isrestricted by the
sizeof theliquidity surplus (net resourcesin reserve).

If, after portfolio placement, thetreasurer still hassurplusliquidity, hewill useit
to purchase negotiabl e assets on the market. Hisbank'sdemand for negotiable
assets is determined by expression (11). If Wis especialy large, the demand
for the negotiable asset is reduced, thereby reducing the size of the market.
Thispoint will be consideredinthefollowing section.

The supply of negotiable assets (from bankswith liquidity needs) and thedemand
for them (onthepart of bankswith surplusliquidity) cometogether inthe market,
where purchase and sale transactions X; are conducted. Their viability is
determined by conditions (13-15). Condition (14), in particular, indicatesthe
market does not necessarily empty out, inasmuch as some supplier banks may
not be able to liquidate as many negotiable assets as required to meet their
liquidity needs. Finally, a new price (expression (16)) is determined on the
market. Itisthepriceat which all transactionsare conducted and al investments
are"revalued".

I Necessary sales of the negotiable asset are assessed at the actual market price, because investments
are valued on a mark-to-market basis.

2 This is guaranteed by making the exogenous portfolio rate () greater than the exogenous rate
on the negotiable assets ().



C. TheEnd of Period t and the Channel of Contagion: Market Risk

When the market closes, the banksthat were unableto liquidate the amount of
negotiable assetsrequired to satisfy their liquidity needs enter into bankruptcy
and areliquidated by the regulator, whose only job isto take over banksin that
situation. The regulator liquidates the failed bank's assets at a discount and
turns them over to the depositors, who redeposit those resources with other
banksin the system. The aggregate depositsin the system evolve according to
equation (17), where 1-gistheliquidation cost.

During the subsequent period (t+1), the treasurer inherits a quantity of cash
determined by (18). It isimportant to note that the stock of investments is
valued at the new market price (p,), even with respect to banks that did not
participate in the market for the negotiable asset. Thisis precisaly the channel
of contagion emphasi zed herein (and, hence, the channel through which systemic
risk materializes). In other words, the reduction in the price of the negotiable
asset that can occur with the appearance of liquidity risk in certaininstitutions
affectsother ingtitutionsby leaving them less prepared for futureliquidity shocks,
since the cushion for dealing with those shocks looses value. Therefore, the
probability of bankruptcy in future periods becomes greater.

In short, the conversion of liquidity risk to market risk can disseminate among
banks, obviously causing bankruptciesand financial crisis. Withinthe scope of
the model, these events are understood as the simultaneous bankruptcy of a
large number of ingtitutions. The following section exploresthisinteraction
between liquidity risk and market risk through simulations of the model.

I11. SIMULATIONS

The principa results of the simulations done with the model described in the
previous section are summarized in this section. Three types of simulations
were carried out, the difference being the initial structure of the simulated
financia system.

All the exercises, however, have the following characteristicsin common. To
beginwith, 150 time periods (iterations) weresimulated in each case. Secondly,
to exacerbate the liquidity risk, the initial banks (N) were divided into two
groups: thefirst group receivesinterest fromincomeint =0 (asif it had made
portfolio placementsin t = -2), while the second only receives income from
interest uptot =1 (asif it had made a portfolio placement only in t = -1).
Consequently, in al the smulations, the financia crisis of the first period is
deeper than in subsequent periods, duetotheartificial creation of thisliquidity
gap. Finally, each outcomeisthe product of an average of 1,000 simulations.
Hereinafter, the definition of financial stability isunderstood asthe number of
"surviving" banksduring aparticular time period.
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A. Homogeneous System

A system comprised of ten banks (N, = 10) identical in the structure of

their initial balance®® isusedinthissection. Theeffect - all else being

constant - of W (aggregate demand for credit) ands , (volatility of deposits)

onfinancial stability isshownin Graph 1. AccordingtoPanel A, Graph 1,

the aggregate demand for credit has anegative impact onfinancial stability.

At that particular point in time, alarger number of banks clearly survive
with less a demand for credit.

FINANCIAL STABILITY: THE HOMOGENEOUS CASE

This can be interpreted as the effect the size of
the investment market has on financial stability.
If the aggregate demand for credit is greater,
expression (9) indicates this reduces the demand
(Surviving Banks) for investments and, therefore, the size of the
120 investment market. If the size of the investment
market isless, the samelevel of supply hasamore
pronounced impact on thedrop in price. In other
words, it exacerbates market risk and,

60 h\k N consequently, poses more of athreat to financial
.: — >
: stability.

PANEL A

10.0

8.0

4.0

20 I — The effect - all else being constant - of more
00 . p . . . volatility with respect to depositsis not as clear
° 0 & 120 160 200 (Panel B, Graph 1). Considering the range of the
Comegaeso e 100 N, results of each simulation, it is possible to
-+ Omega= 3000 Omega=4,00C Omega=5,00¢ conclude, statistically, that volatility has no impact
on stability.
PANEL B

(Surviving Banks)
12.0

100 B. Heterogeneous System: Random Case

8.0
To incorporate the heterogeneous nature of the

. financial system, we simulated afinancial system

40 — ] comprised of ten banks. In each case, the structure
20
0.0 L
0 40 80 120 160 200
Iterations B The following is the set of parameters used in this simulation:
— Sigmad=01 - Sigmad =0.3 — Sigmad =0 A,=D,=L2=L,=1000.a =01 b=02 s, (when it does
Sigmad = 0.7 Sigmad = 0.9 not change) =s,=g=p = 0.5,
r,=0.1 r, = 005 W= 2000 (when it does not change). | =
Source: The authors' calculations. 0.01,
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of their initial balance was selected at random.*
Both Panel A and Panel B in Graph 2 confirm the

FINANCIAL STABILITY:

results obtained in the homogeneous case, parti- THE RANDOM HETEROGENEOUS CASE
cularly the negativeimpact more demand for credit
has on the system. In thisinstance, although the PANEL A

magnitude of the first financial crisisisvastly si-
milar in al cases and there is no surviving bank by
the end of the iterations. Banks belonging to
systems that face less demand for credit clearly 00—
survivelonger. \

(Surviving Banks)
12.0

8.0
6.0 '
C. Heterogeneous System: 40

A Simulation of the Colombian
Banking System

20

0.0

One alternative to the random heterogeneity of ® ® " ® %

banksisto use, astheinitial balance structure, the —— Omega=500 -+--+ Omega=1,000 —— Omega=2,000
structure of balance of banksthat were part of the Omega=3,00t Omega= 4000 Omega=5,000
Colombian financial system in November 2005.

That month, the system was comprised of 16

banks. To reflect the structure of the balance in (Sunviving Barks)

the Colombian financial system, the system'stotal 120
assets were standardized at 1,000. The initial 100
deposits, portfolio and investments for each of the

16 banks were calculated on the basis of this
standardization. 60

PANEL B

8.0

4.0
A significant feature of the simulation should be

mentioned at thispoint. Asnoted earlier, theinitial 20
banks were divided into two groups. In this case, 00 . . i e
it isimpossible to determine which banks pertain 6 &8 07 7I“temon7: ® & &2 &
to each group. The results, therefore, have to be —— sigmat=01 e Sgmat=03 —— Sgmad=05
presented according to two extreme distributions, Sigmad = 0.7 Sigmad = 09

withthelargest banksin the system situated in the

first group; the second in sizein the second group.® Source: The authors’ calculations.

# In other words, A,. D, and L, or L, are the same for a particular bank but are different among
banks, in which case the selection within the interval [0.1000] is random. This makes it
possible to incorporate the existence of "big" and "small" banks within the simulated system.
The set of parameters used was:

a=01b= 02 s, (whenit does not change) =s = g= p = 05 r = 0.1 r =005 W= 2000
(when it does not change). | = 0.01,
B The following set of parameters was used in this simulation:

a =0.1, b =0.06 (red data), s, (estimated in this case, so it does not change) = 0.9, s,.= g =
0.5, p = 1 (estimated), r, = 0.152 (calculated), r ,= 0.00132 (estimated), | = 0.01.
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All else being constant, the impact of W onfinancial
stability with each of thetwo distributionsisshown

in Graph 3. Astodemand for credit, the principal
outcome is the same. Only with an extreme

FINANCIAL STABILITY: THE COLOMBIAN CASE

pANELA demand for credit do none of the 16 bankssurvive
(Sunviving Banks) the 150 iterations. If W issmall enough, lessthan
20 one bank, on average, failsby the end of the 150
iterations.
16.0 F
12.0
80
0 1 IV. CONCLUSIONS
00 1 |‘.' 1 1 L i . i
0 40 80 120 160 200 The purpose of this article is to demonstrate that
Iterations - T . . . . . .
 omegasso0 - Omega=1.000 Omega= 2000 - Omega= 3000 liquidity risk tq fl_nanmal mtermedlar_les can
Omega= 7,000 Omega= 10,000 -~ Omega=20000 become a systemic risk and eventually afinancial
crisis, when bankswith liquidity problemsdisrupt
PANEL B the normal operation of the markets where they
(Surviving Banks) dobusiness. Inthissense, liquidity risk becomes
200 a market risk for all institutions in the banking
system.
160 =
120 Through simulation of amicroeconomic model, we
:; not only show this mechanism works, but that itis
80 ] crucially dependent on the "depth" of such
i markets. The mechanism also is shown to be
40 ! 1 present, even in the absence of credit exposures
in the interbank market, procyclical controls or
° 0 40 80 120 160 200 bank runs.
Iterations
e The practical usefulness of this exercise can be
guestioned, inasmuch astheresults originate with
Source: The authors’ calculations. avery limited theoretical specification.’® However,

it hasseveral realistic lessonsto offer, despitethe

controlled environment. To beginwith, in addition
to the merefact of risk "conversion”, thereisthe recent concern expressed
by economic authorities in Colombia over the threat market risk posesto
stability of the country'sfinancial system.”

®  For example, the mechanism makes no sense if the Central Bank is willing to inject into the
system the amount of liquidity required a a given moment, in the event of problems. Nevertheless,
it is possible to argue that, because central banks are concerned about controlling inflation,
intervention of this sort has its limits. The mechanism outlined in this article can occur once
that limit is reached.
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Also emphasized in thisarticle isthe importance of monitoring certain va-
riables. In a particular environment, these can contribute to financial
instability. The depth of the market in which banks interact is a case in

point.

Asto the source of liquidity risk, the results described herein support theidea
that market liquidity is not an exogenous element.  In developing countries,
such as Colombia, market liquidity iscrucially dependent, for example, onthe
behavior of foreign markets. Turbulence on those markets can be mirrored
quickly inliquidity shortagesin thedomestic financial system, which canhavea
negativeimpact on thevalue of assetsand financial stability through interaction
endogenous to the way banks behave.

On the other hand, it is possible to regard the mechanisms mentioned in this
article asalogical outcome of the growing complexity of financial markets.
Banksnow havevariousinvestment aternativesat their disposal, which canbe
transacted easily onthefinancial markets. Nevertheless, the study by Schnabel
and Shin (2004) reminds usthat acomplex financial systemisnot essential for
"conversion” to occur. That argument favorsthe simplicity of the model used
for thisarticle.

Themode also teachesusavery subtlelesson that isimportant to bear inmind.
According to Plantin, Sapraand Shin (2005), investment assessment practices
such asthe mark-to-market method (despiteitstransparency) can pose athreat
tofinancial stability dueto their tendency to accentuatethefinancial cycles. In
the context of this exercise, that tendency is evident.

T In this respect, see recent editions of the Financial Stability Report published by Banco de la
Republica. Investments in negotiable assets account for nearly one third of the holdings in
Colombia's banking system, and a good portion are valued at market prices.
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