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INTRODUCTION

Central banks have achieved positive results for inflation during the last
two decades. At the same time, their concern for financial stability has
increased, particularly after the late nineties, when they experienced the
high costs that come with financial crisis! Moreover, it now seems clear
that, under extreme circumstances, financial stability can pose aconstraint
to the normal operation of monetary policy (SeeVargaset al., (32006)).

For these reasons, central banks now use a set of toolsto assessand promote
financial stability. According to Bardsen, Lindquist and Tsomocos (2006),
these tools range from calculating indicators to designing structural
macroeconomic models. Thelatter are understood as complex environments
that allow for an analysis of interaction between the different agents at
hand and the financial system (banks, depositors, regulators, etc.), as well
as the effect of changes in the stance of monetary policy.

The Bank of England was a recent pioneer in constructing models of this
type, particularly dynamic general equilibrium modelswith afinite horizon
(DGEMFH).2 The main devel opmentsin this respect are summarized in the
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they wish to thanks Carlos Andrés Amaya, the technical team of the Financial Stability
Department at Banco de la Republica, and the participants of the Workshop on Assessing
Financia Vulnerability, which was held on March 1, 2006 in Bogota under the sponsorship of
the International Monetary Fund and Banco de la Republica. All errors and omissions are solely
the responsibility of the authors. The opinions expressed herein are theirs alone and do not
necessarily reflect the position of Banco de la Replblica or its Board of Governors.lo no reflgjan
necesariamente la opinion del Banco de la Republica ni de su Junta Directiva,

1 See Borio and Lowe (2002), and Garcia Herrero and Del Rio (2003) for an interesting
interpretation of why financial stability has emerged as a policy problem at a time when
inflation is ceasing to be one.

2 In models of this type, equilibrium is the result of interaction between rational economic agents
who must cope with a restricted optimization problem and a finite horizon for reaching a
decision.
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work of Tsomocos (2003) and Goodhart, Sunirand and Tsomocos (2004,
2005, 2006a and 2006b). The Financial Stability Department at Banco dela
Republicahas applied these devel opmentsto arecent analysis of the stability
of Colombia's financial system. The initial results of that exercise are
summarized herein,® particul arly the assessment of how the model behaved
in replicating the series observed in the Colombian financial system.

Therearefivesectionsinthisarticle. Thefirst offersjustification for using
a model to analyze financial stability. The second presents a simplified
version of the model that was employed. It is a DGMFH with several
features particular to the Colombian financial system. Thethird and fourth
sections outline how the model was applied. Finally, several thoughts about
its application are presented in the form of a conclusion.

1. ADVANTAGES OF UsSING A DGMFH

Probably none of the tools central banks now use are sufficiently
comprehensive to resolve all the problemsinherent in afinancial stability
analysis. A good analysisclearly dependsonthe use of varioustools, applied
in acomplementary way. Under thoseterms, the use of general equilibrium
modelshasfound aplace, because- in aflexibleand simplified environment
- they involve the interrel ations found among all agentsin the system.

The study by Bardsen, Lindquist and Tsomocos (2006) is a careful
examination of how different macroeconomic models behavein afinancial
stability analysis. Theresults of that comparison suggest that, although no
single model can answer all the questionsin an analysis of this sort, some
have certain featuresthat make them desirablefor assessing financial system
stability. Those features, and how they come together when the model is
applied, aresummarizedin Figure 1.

According to the diagram, amodel that containsthe nine desirabl e features
isinsufficient to analyzefinancial stability. Itisnecessary to havereached
aconsensus on the particular definition of "financial stability" beforehand.
In other words, as concluded by the af orementioned authors, an analysisis
the combined product of adefinition and the exerciseinvolved in operation
of themodel. Hence, the definition of financial stability must be operational
and quantifiable, so the quantitative results of the model's application can
be translated directly into conjectures about the stability of the financial
system.

3 The articles by Saade and Estrada (2006) and Saade, Osorio and Estrada (2006) detail the
development of this agenda.
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TEMPORAL STRUCTURE OF THE MODEL
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Source: Constructed according to Bérdsen, Lindquist and Tsomocos (2006).

Unlike other macroeconomic models, a DGMFH in its simplest versions
(likethe one used in thisarticle) contains the nine desirable features shown
in Figurel. It also permitsoperational use of thefollowing specific definition
of financial stability: asituation where profitability for financial institutionsis
high and thereisareduced risk of default inthe marketswheretheseingtitutions
cometogether (See Bardsen, Lindquist and Tsomocos (2006).*

Inshort, if thisdefinitionis considered general enough to cover the Colombian
case,’® the use of aDGMFH as a complementary tool for analysis can enhance
the quality of Banco delaRepublica's monitoring of financial stability, which

4 The definition of financial stability proposed in this article is intended only for financial
stability analysis in connection with the model. Naturaly, there are other more genera definitions
outside the scope of the model. They can be supplemented with the one summarized herein.

5 For example, it is important to remember that one of the features of the 1998-1999 financial
crisis in Colombia was the negative profitability experienced by credit establishments and the
reduced rate of portfolio repayment, in both traditional credit markets and the interbank
market. According to information published by the Superintendent of Financial Institutions in
Colombia, profitability as a percentage of the assets in the financial system at September 1999
was -3.88% (a historic low). The losses accumulated during the crisis were not recovered until
mil-2005. In November of that same year, the overdue portfolio as a percentage of the total
portfolio reached 16% (a historic high).
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explains the Financial Stability Department’s recent effort to develop this
research agenda.

1. SIMPLIFIED MODEL: FRAME OF REFERENCE

Pursuant to the method suggested by Goodhart, Sunirand and Tsomocos (2206a
and 2006h), the proposed model allowsfor coherent interaction between various
economic agents in financial markets. Participating in the model are
heterogeneous banks: b1 B = {g, d, t}, private-sector agents who act as
bank clientshT H={a,b,q,f}, aregulator and acentral bank. A restricted
optimization problem was constructed for each of the banks. Reduced forms
of behavior were assumed for the agents in the private sector, due to the
impossibility of finding databroken down to therequired level and a so because
thisfacilitatesacomputational solutiontothemodel. Thetemporal horizonis
infinite. However, the agents maketheir optimization decisionsby considering
finite periodsinthefuture. The agentsarerational and basetheir expectations
ontwo possible"states of nature” (normal, extremecrisis). These can occur in
theimmediatefuture, according to aknown distribution of probahility.

The agents interact in various markets (Figure 2). Asin Goodhart, Sunirand
and Tsomocos (2006b), the assumptionisthat, at the start of each period, those

AGENTS AND INTERACTION
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>
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* Pendlties for default
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in need of credit have been assessed by the bank, either on the basis of their
credit history or according to information constraints (assumption of limited
participation). In other words, thereisacredit market for each bank to which
the client and the respective bank have recourse. In this smplified world,
householdsa, b y q demand credit from banksg, d, y t, respectively. However,
on the deposit side, each bank competesin its respective market to attract the
aggregate pool of depositors(calledf ). They diversity itsportfolio, depending
ontheprofitability offered.

Finally, there is an interbank market where the banks contract credit among
themselves. Participating inthismarket isacentral bank-regulator that supplies
or reducesliquidity through open market operations (OMO). The central bank-
regulator al so establishes certain measuresfor financial regulation.

Thetempora structureof themodel isoutlined infigure 3. Attheend of period
t, the credit, deposit and interbank markets open simultaneously. Each bank

TEMPORAL STRUCTURE OF THE MODEL
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Source: Constructed according to Goodhart, Sunirand and Tsomocos (2006b).
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decides how much credit to offer and the volume of depositsto demand onthe
respective markets, whileforming arational expectation of possiblefuturestates
of "nature”. For their part, households decide on their demand for credit and
the deposits to offer, and the central bank conducts OMO on the interbank
market.

Oneof the"possible states of nature” (s1 S) occurs at the start of periodt + 1.
Depositsand loans are paid according to the state of nature. There also might
be a certain degree of endogenous default by householdsand banks. Thelatter
would be subject to penaltiesfor failing to meet their contract obligations; these
would be proportional totheextent of default, pluspenadtiesfor failureto comply
with the minimum requirements for solvency. Both the penalties for default
and the solvency requirements and the penalties for violating them have been
regulated before the markets open in period t. At the end of period t + 1, the
benefits for the banks are calculated and the financial markets reopen.

Thefollowing isabrief explanation of how each agentismodeled, their decision
variables, and the particular way they were specified for the Colombian case.

A. The Banking Sector

As mentioned earlier, three heterogeneous banks: b1 B = {g, d, t}, were
modeled. For the Colombian case, each of these banks is associated with a
group of entities; namely, g= banks specializingin mortgageloans (BECH),d
=domesticbanksandt =foreignbanks. Thisclassificationtriesto capturethe
differences in behavior t among these banks, as observed in the Colombian
financial system.® With respect to smulation of the model, the three banks
differ not only intheir initial capital endowment, but alsointheir preferencesas
torisk.

Bank b1 B decidesthefollowing variablesinperiod t1 T: thesupply of credit
to household h® (), the deposits demanded of householdf (ny)), loansonthe
interbank market (d’), debt on the interbank market (ny),, and the repayment
rates (1- default) int + 1, depending on the state that occurs (v, ¢ sl 9. The
decision respondsto the solution of an optimization problem with thefollowing
characteristics:

Max UP , = Etb [fsb(p ?+1,5) - {pei’]alidaljeS?Jrl’S}].

mem Ao, 8 S

subject to (1) balance sheet restriction and (2) py,, .2 0.

6 See Avella and Osorio (2005) and Orozco (2005) for an analysis of the differences in how
domestic and foreign banks act.

7 The explicit form the utility function takes is found in Saade and Estrada (2006). Essentially, it
is the same as in Goodhart, Sunirand and Tsomocos (2006b), with modifications in the constraints
of the problem.
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Function f°(p?,, ) is quadratic in "benefits’ p?,, . these being the sum of
income expected frominterest int + 1 and the profitability expected from the
portfolio of negotiableinvestments, minusthe outlaysfor interest expected int
+ 1, considering the repayments rates (1-default) for both the bank and those
expected for thehouseholds. Pendltiesfunction b,  dividespendltiesintogroups
proportional to the amount of default int + 1 by the bank in state sl S, in
additionto penaltiesfor failing to meet the requirementson minimum solvency.

Thisoptimization problemisnot linear in the control variablesof the bank.

B. The Private Sector

Asmentioned earlier, the agentsin the private sector are modeled viareduced
forms.

1.  Demand for credit on the part of householdsh1 {a, b, g}

Inperiodt, thedemand for credit on the part of householdh® dependsnegatively
on the lending rate offered by bank b, and positively on the level of GDP
anticipated for period t + 1. In other words, agent h® rationally anticipates the
product level in the immediate future. This, in turn, determines his expected
incomefor t + 1. And, given the foregoing, agent hb adjusts the demand for
creditintto smooth hisconsumption:

dda _ crédito™ = h (E, (GDP,), r), conh, 2 0y h,£ 02

t+1:

2. Supply of deposits from household f

All the banks competein the deposit market to attract the resources of depositor
pool f.Thisiscontrary towhat happensinthe credit market, where participation
islimited. Pool f triesto diversify itsportfolio. The supply of depositsfromf

to bank b in periodt isapositive function of the deposit rate offered by b and
depends negatively on the deposit rate offered by the other banks (b¢! b).
Nonetheless, household f knows the banks can default on their obligations.
Consequently, its deposit supply respondsto the "expected profitability"”
(rs,” B[V, J) of itssavingsinb and the profit its savingswould earn with the
other banks. Findly, thedeposit supply isapostivefunction of the GDP expected
fort+1.

Of _ depésitos’= g (E(GDP,). )} " E [V, J. & ri E[V., ). with g, @
0,9, Oandg, £ 0.

&  The following notation is used: f, = 1f/ 1 x,,



3.  Repayment rates of householdsh1 {a, b, q}

Asin Goodhart, Sunirand and Tsomocos (2006b), it is assumed the rates of
repaymentint + 1 by household h® to bank b for each of the sates (\4":’1’5, sl 9
isapositive function of future GDP. Moreover, repayment int +1 respondst
thebanking system'stotal supply of creditint. Thisratioisnegative: anincrease
int with respect to theloans offered is associated with amoderate deterioration
inthequality of the portfolio, possibly dueto fewer filtersinthe processwhereby
the banks select debtors’

t+l,s t+1,8"

b _ o ~
Al =v_(GDP, t;’:}Bﬁ»]tb),sl S wherev, 2 Oandv, £ 0

4, GDP

Thelast of the reduced formsincorporates the GDP path into the model. Itis
assumed that GDPint + 1 for state sis a positive function of the aggregate
supply of creditint:

GDP,,.=p,( béB ﬁitb) with p,3 0.

t+1,s

C. Central Bank and Regulator

For the effects of the model, the decisions of the central bank and regulator are
exogenous.’® The regulator determines the minimum solvency requirements
(ks Sbl B),inadditiontothepenaltiesbankswouldincur if minimum
solvency isnot met (I ®,sT S, b1 B). It also imposes penalties or fines for
defauilt on the banks' repayment obligations (I °, sT S,bT B). Finaly, the
regulator determines the weighted risk of the various assets used to calculate

the solvency ratio.

For itspart, the central bank conducts OM O on theinterbank market, effectively
setting the interest rate for trading on that market (r).

D. Equilibrium

There are seven active markets featured in the model: three credit markets,

three deposit markets and the interbank market. 1n each of them, the interest
rateisdetermined by the supply and demand on themarket. Themodel includes

9 For Goodhart, Sunirand and Tsomocos (2006b), this ratio is positive insofar as a credit rationing
can exist.

©  The working agenda for the future attempts to include, in an endogenous way, the decisions
taken by economic authorities.
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acondition for each possible future state, specifically one that ensures banks
structure their expectations correctly with respect to the rate of repayment
they receiveint + 1 on their interbank loans.

I11. CALIBRATION

Two econometric strategieswere required to cal culate the val ue of therelevant
parameters.

A. Estimate of Long-term Relationships (Cointegration Vectors)

The parameters for the reduced forms of GDP and household credit demand
were obtained by estimating cointegration vectors (rel ationships) between the
variablesfound therein.* For thereduced form of credit demand, limitationsin
availableinformation make it necessary to estimate a set of parametersthat is
common to the clients of each of the three groups of banks. In this case, the
variablesincluded in the system are: consumption, money supply, the unsecured
consumer portfaolio, inflation, unemployment, GDP and the spread on the consu-
mer portfolio. The strategy proposed by Chrystal and Mizen (2001) isusedin
thisrespect.? The estimated cointegrationratiois:

L,=4,89In(GDP

t+1:

)—0,723(SC) +2,18p, + 0,19 (Du)

whereL isthe unsecured portfolio, SC isthe spread on the consumer portfolio,
p isinflation andu isunemployment. Theestimatorsassociated with GDPand
SC are the values of the parameters of the reduced forms of credit demand
used inthesimulation.

Asto thereduced form of GDP, the system included information on GDP and
theentireloan portfolio. Besidesnormalization, the cointegration vector estimated
inthis caseincludesadeterministic tendency component:

In(GDP,

t+1-

)=0,0053t +0,1589In(L)

where L isthe entire loan portfolio. Both the tendency estimator and GDP
elasticity to theloan portfolio were used in the simul ation asthe parameters of
thereduced form of output.

I See Hendry and Juselius (2000) for details on estimating restricted cointegration vectors.
2 See Estrada, Osorio and Saade (2006) for details on the estimate.



B. Pand Data Models

When the reduced forms include components of the general balance sheet or
income statement for the three groups of banks, the strategy was to estimate
panel data models in which each bank is regarded as a separate individual
within the panel. Specificaly, the reduced forms of the deposit supply and
household repayment were estimated in this way.

In the case of the deposit supply, the dependent variable pertains to the sum of
eachindividual entity'schecking accountsand savingsdeposits. Moreover, the
dependent variables are the real GDP (one period ahead), the entity's implicit
deposit rate, and the averageimplicit rate of deposit for the other two groups of
banks. The estimate, pertaining to a random effects model in the intercept,
yielded thefollowing result.

In (deposits ) =C+1.832In(GDP,,,) + 0.143 deposit rate, - 1.243 deposit rate-i

wherei refersto a particular bank (-i refers to the group of banks other than
the one to which i belongs).*®

Finally, the estimate of the reduced form of household repayment included, as
a dependent variable, the difference ( 1 - *ggetae ) for each individual
institution; and, asindependent variables, thetotal portfoliofor thethreegroups
of banks and GDP (ahead one period). The results were:

In (1 - S ) = C+0.1446 In (GDP,,,) - 0.1085 In (portfolio)

These estimators, and those presented in the foregoing expression, were used
as the parameters for each of the reduced forms.

IV. THE RESULTS

Graphs 1 through 4 show someof the series simul ated with thetendency mode,
using the fourth quarter of 1999 as the initial period. The simulations are

quarterly. For the purpose of comparison, the simulated seriesare accompanied
by their actual counterparts, with real data.*®

B As noted earlier, the deposit supply is consistent with "expected profitability”, which is comprised
of the bank's interest and repayment rates. With respect to the estimate for the panel data
model, the deposit rate is calculated as the flow of the bank's outlays on total deposits. For this
reason, it implicitly includes the repayment rate.

¥ The C intercepts of each of the two expressions were obtained endogenously to improve the
empirical adjustment in the initial period of the simulation.

5 The Superintendent of Financia Institutions in Colombia is the source of each actual series

presented in the graphs, with the exception of quarterly GDP, which comes from the National
Bureau of Statistics (DANE).



LoAN PORTFOLIO

A. PorTFoOLIO: BECH

(Trillions of 1994 pesos)

Intermsof thecredit portfolio (Graph 1), what standsout isthemodel's capacity
to adjust to real datain the short term (approximately one year) for each of the
three groupsof banks. Inthelongterm, the model's adjustment isfar better for
the domestic and foreign banks (panels B and C, respectively), than for the
BECH (A). Thisis because common parameters were used for the reduced
form of thedemand portfolio. Thecalibration doesnot detect thedifferential in
BECH behavior. Given theinitial conditions, the model also replicates the
relativedifferencesinthe size of the banks portfolios(Panel D). Itisimportant
to point out that the results are moderately optimistic about the performance of
theportfolio, dueto adight overestimation of GDP during theentiresimulation
horizon (Graph 4).

B. PORTFOLIO: DOMESTIC BANKS
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Source: Colombian Superintendent of Financial Institutions (actual series) and the authors' calculations (simulated series).
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Astothe pattern of deposits (Graph 2), the adjustment is much better - in both
the short and long term -al though the optimism (originating with the GDP path)
continuesto someextent. Thisoutcome confirmsthe meritsof thecalibration
strategy that wasused. Inthiscase, the assumed pool of depositorsturnsout to
be quite adequate, since - in the real world - there appears to be no limited
participation when its comes to choosing abank to open a savings account.

Repayment of the banks credit portfolio (Graph 3) suggestsoptimismonly in
the case of foreign banks and the BECH (panels A and C).%

®  In the smulated BECH repayment series, one sees a jump to the end of the simulation horizon.
Rather than a normal outcome, this appears to be an abnormal product of the optimization
algorithm used in the simulation.

DEPOSITS
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Source: Colombian Superintendent of Financial Institutions (actual series) and the authors' calculations (simulated series).
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CREDIT DEMANDERS' REPAYMENT TO BANKS (PERCENTAGE)

A. REPAYMENT BY BECH CLIENTS B. REPAYMENT BY DOMESTIC BANK CLIENTS
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Source: Colombian Superintendent of Financial Institutions (actual series) and the authors' calculations (simulated series).

GROSS DoMESTIC PRODUCT Panel D showsaninteresting outcome: thesimulations

(Trillions of 1994 pesos) replicate the stylized event in Colombiain the sense

800 1 thatforeign bankshaveabetter-quality portfolio.*’

e | Findly, overestimation of the GDP path (Graph 4) may
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new strategiesaimed in thisdirection will haveto be

740 explored further.
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17 The stylized event that foreign banks "attract" better-quality
clients is known as cherry picking. See Crystal, Dages and
Goldberg (2001).
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Source: DANE (actual series) and the authors' calculations (simulated series).
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V. CONCLUSIONS

The chief objective of this article is to summarize the principal results of a
research agenda undertaken by the Financia Stability Department at Banco de
laRepublica, which consists essentially of applyingaDGMFH to analyze the
stability of Colombia'sfinancial system. Themain resultsof the simulation of
thismaodel (calibrated in advance for the Colombian case) highlight its merits,
particularly in the short term, asauseful analytical tool complementary to the
onesnow being applied.

It isimportant to emphasi ze, asnoted in theintroductionto thisarticle, that the
model cannot, onitsown, resolveall the problemsinherent in afinancia stability
analysis. Inother words, themode! isnot designed specifically for acertain set

of objectives. For example, it isnot designed to forecast the future course of

GDP. The specia comparative advantage of the model is that it permits a
careful analysisof those agentsin thefinancial system with the most resources;

that is, thefinancia institutions, aswell asthe main characteristics of how they
interact with the other agentsin the economy.

Astothefuture, there are two complementary tasksfor thisagenda. First, the
structure of the model can be used to simulate the effect of certain exogenous
variables, particularly those associated with the regulatory environment and
economic policy (e.g. themonetary authority'sintervention rate or theminimum
solvency ratio).® Secondly, itisimportant to explorewaysto adjust the model
better and, hence, its capacity for analysis. Thisincludesadding elementsof a
small, open economy subject to different types of shocksoriginating intherest
of theworld, whichwould beagood approximation to the environment wherein
the Colombian economy operates. Also, some of the problems noted in this
article (e.g. themodel's optimism) arerel ated to the calibration strategies, where
thereis plenty of room to improve the estimatesin this respect.

18 Simulating the model based on exogenous paths for GDP is another possibility worth exploring.
An advantage associated with this strategy is the possibility of removing an "error source" from
the model when adjusting other endogenous variables that are more relevant to a financial
stability analysis.
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