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O desenvolvimentiv da crise financeira e econdimica
mundial que iniciou em 2007 pds em evidencia a
vulnerabilidade da atividade econdmica real frente
a flutuacoess marcadas nos precos dos ativos.

Qual € a politica monetaria 6tima em:uma:econo-
mia como:a colombiana, exposta a mudtatras signi-
ficativas nos precos de dos ativos? Quais sao-as im-
plicacoes, em:termos de perdas do Banco Central,
quando se-segue-uma:regra simples e padrao em
vez da politica monetarian 6tima? Para dar resposta
a estas perguntas utilizamos um: modelo dinamico
e estocéstico de equilibrioc geral (disge, pelas suas
siglas em ingles) com capital fisico e salérios rigi=
dos para:a economia colombiana, buscando obter
como resultado a politica monetéaria 6tima. A conti-
nuacao analisames os efeitos dinamicos de uma no-
ticia sobre uma futuia melhora tecnolégica —que
posteriormente resultou demasiado otimista— sob
a regra da politica étima e, de maneira dltarnativa,
sob especiliicarenss de regras simples e definicoes da
breeha de preducac.

Classificacao JEL: E44, E52, E6ll.
Palavras chave: modelo dindmico e estocéstico de

equilibeio geral, politica monetéria 6tima, altos e
baixos em:precos dos ativos, Colombia.
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POLITICA MONETARIA OPTIMA Y PRECIOS DE LOS
ACTIVOS; H. CASO DE COLOMBIA

- MARTHA R LOPEZ
JUAN DAVID PRADA*

El desarroflo de la crisis financiera y econ6mica
mundial que inicié en el 2007 puso en evidencia la
vulnerabilidad de la actividad econémica real ante
fluctuaciones :marcadas:en {os;precios: de los:activos.

;Cual es la politica monetaria: 6ptima en: una econ
nomia como la colombiana, expuesta a cambios
significativos en los precios de los activos?;Cudles
son las implicaciones, en términos de pérdidas del
Bance Central, cuande se sigue una regla simple y
estandar en lugar de la politica monetaria: 6ptima?
Para darle respuesta a estas preguntas utilizamos un
modelo dindmico y estocéstico deequilibro general
(DSGE, por sus siglas en inglés) con capital fisico y
salarios rigidos para la economia colombiana, bus-
cando obtener come resultado la pelitica -menetaria
Optima. A continuacion, analizames los efectos di-
namicos de una noticia sebre una futura. mejora tec-
nolgica —que posteriormente resulté demasiado

simples y definiciones de la brecha de produceion.
Clasificacién JEL: E44, E52, E61.
Palabras clave: modelo dindmico y estocastico de

equilibro general, politica monetaria: Optima, altiba=
jos en precios de los activos, Colombia.
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THE CASE OF COLOMBIA

MARTHA R. LOPEZ
JUAN DAVID Proas

The unfolding of the 2007 world fimancial and eco-
nomic crisis has highlighted the vulnerability of
real economic activity to strong fluctuations in as-
set prices. Which is the optimal monetary policy
in an economy like the Colombian that is exposed
to swings in asset prices? What is the implication,
in terms of central bank losses, when it follows a
standard simple rule instead of the optimal mon-
etary policy? To answer these questions, we use a
Dynamic Stochastic General Equilibrium (DSGE)
model with physical capital and sticky wages for
the Colombian economy and derive the optimal
monetary policy. Then, we explore the dynamic ef-
fTects of news about a future technology improve-
ment, which turas out ex post to be overoptimistic,
under the optimal policy rule and under dlarmative
speecifications; of simple rules and definitions of the
output gap.

JEL dassification: E44, E52, E6IL.

Keywords: DSGE model, optimal monetary policy,
asset price boom and bust, Collanihita.
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During the last couple of decades, many monetary authorities around the world have
achieved the goal of a low and stable inflation rate. However, this price stability has
not come hand in hand with higher asset price stability. Borio and Filardio (2003),
among others, document the emergence of asset prices and credit and investment
booms and busts, which have become a more important source of macroeconomic
instability in both developed and developing countries. Financial unbalances are of
great concern because when they unwind, the real economy is exposed to a substantial
economic downturn and, very frequentlly, to recession; for example, many econonists
attribute at least some part of the 1990 recession in the United States to the preceding
decline in commercial real estate prices (Bernanke and Gertler 1999),

Colombian economy, as many other developing economies, has experienced very
strong asset prices and output fluctuations. Graph 1 displays the cyclical component
of economiic activitty and asset prices for the Colombian economy during 1970-2005',
Two boom and bust episodes are evident; the first during the eighties and the second
during the nineties. A boom phase occurred in 2004, followed by an economic diowin-
turn triggered by the 2007 global financial crisis. The close correlation between asset
prices cycles and the output cycle, and the evidence of a financial accelerator mecha-
nism in the Colombian economy found by Lopez, Prada and Rodriguez (2008), raises
the guestion if the nature of menetary pelicy can explain the behavier of both variables.
Wotild the boom ane bust cycles be smoother if the monetary authority incorperated a

1 Asset prices correspond o a weighted average of equity jprices and sl State prices.
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response to asset prices in the simple monetary policy rule? How costly, in terms of the

central bank loss function, is a monetary policy that reacts only tio iimflation amdl coutiput
gaps instead of taking into account asset prices?
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Source: Banco de la Repiblica.and DANE

To answer these questions, we set up a model for the Colombian economy where,
as in Cristiane, Tllt, Mbatto antl Restagno ((2008), the taaam pihase iis thiggarad by @
signal that leads agents to rationally expect an improvement in technology in the
future, but which turns out to be false, and the bust phase of the cycle begins when
people find this out. We explore the effects of this news about a futwie technology
improvement, which turns ouit ex post to be overoptimistic, under the optimal policy
rule and under alternative specifications of simple rules.

By optimal monetary policy we mean a policy that minimizes an intertemporal
loss function under commitment. The intertemporal loss function is a discounted
sum of expected future period losses. We choose two alternative welfare criteria.
The first is a quadratic period loss function that corresponds to flexible inflation tar-
geting and is the weighted sum of two terms: the squared inflation gap between infla-
tion and the inflation target, and the squared output gap between outpuit and poiential
output. The second measure of loss that we consider is a utility-based loss function.
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As in Svensson et al. (2008), a key issue for a flexible inflation targeting central bank
is which measure of output gap should try to stabilize. We report results from three
alternative concepts of gap used in the loss functions and in the simple policy rules.
Thefirsgteoncept is the deviations of output and asset prices firom the Inypothetical kewel
that would exist if the economy would have had flexible prices and wages. The second
is the deviations from steady-state values. The third concept (used only in the simple
fules) corresponds to growth rates.

The model we use is a DSGE model for a small open economy as the one in Colom-
bia. The model distinguishes households and entrepremeunss. Households consume
and work, while entrepreneurs produce a homogeneous intermediate good using
capital bought from capital producers and labor supplied by households. Entrepre-
neurs take bank loans, facing borrowing comstraints tied to the vahue of colllsteral. In
addition, there are banks, who offer two types of fiimancial assets to agents: saving
and loans; retailers, who set the final price of output goods; workers, who supply
their differentiated labor services through a uinion that sets wages to maxinvize its
members’ utility, generating a nominal rigidity in wages, 4 1a Calvo. There is also a
foreign sector which provides assets at the foreign interest rate which is positinueky
related to the domestic's economy net foreing asset position. Finally, there are capital
produeers, who transform output goods into capital goeds; a government, and a cen=
tral, bank which cenducts monetary pelicy.

The remainder of the paper is as follows; Section 11 describes the model. Section I11
presents the optimal policy problem, the differentt simple rules and the alternative
results of a boom and bust episode. Section 1V concludes.

A. HOUSEHOLDS AND WAGE SETTING
L Comsumption and saving disciisions
The domestic economy is inhabited by a continuum of households indexed by
i €@, 1). The representatiive agent 4 maximizes the following utility function:
0

3 A’T'--‘; DC ST pe .
E; Z;‘iﬁ“ {' w (&, (1), 1= R, (8) M

4
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where cf (i) is per capita consumption, h{* (i) is per capita hours worked, and

If* (i) is per capita leisure time, which satisfies If* 96 [=- h<(in); thwith 3> 0
being the total endowment of time. N; is the total population, which follows a sto-
chastic process.

The discounted utility is given by:

A
‘ I-@ ) g

with & > 0, ¢> 0 and & > 0. Parameter =5 tixthevimserskeiasticity labbaopplpply
with respect to real wages. Parameter & is the constant relative risk aversion coeffi-
cient. Preferences display habit formation in consumption governed by parametetrr ©.
Xt are the preferemcess shocks that shift the consumption demand and leisure, and Ay
represents productivity, which follows the process:

In (iﬁ =Pain G&fﬁl»—k (1.*[}9))1 h(((il—a)a-]—AA
where ¢;' is a white noise variable.

Following Prada (2008), we assume that there exist fransaction costs in the economy.
The exchange process requires real resources. In this process, the more tiransactions
involved, the higher the transaction cost, and the higher the deposits held by houise-
holds, the lower the transaction cost:

o Ct (1) AN

where v; (()s dapepasitsaletititynahd”’ . (7 X@Dx e thgdepeditdchbidiay beluskhald i.

Cost per unit of transaction is given by #&u(v(:(i)) arinireradning @otiti/evticice
differentiable, convex function. In particular, we assume that:

()= vov}" tfovf &)
Wbz 0mde sk
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Householdss' decisions have to match the following budget comstraint:
AL D)) £ (i) o A AWt aTt ', (i) <

. . l+jd_ , . A+ 1N+ 1 (4)
we (4) e (8) + tre + L + 22 (4) + %)dh_/l 1) ————
w, (g)h () +ir + N + Q)+ TR AR (g

where &g (@) represents Arrow-Debwrew assets with price p? (i), i’ (1)) the de-
posits, () the lump-sum taxes, (@) the real wage, (7)) the foreign tiransfers,

the total profits from firms and banks ownership, (#fZ1),) the interest on bank
deposits and (%7 ) the CPI inflation rate.

Households choose consumption and the composition of their portfolios by maxi-
mizing (1) subject to (4). Given that we are assuming the existence of Arrow-Debreu
assets, consumption is equalized across households and the first order conditions can
be expressed in terms of effective worker:

€t — QGpcia

A (L @+ Wl ) = x| T

®)

©)

along with (43 whers A« it the Budgst constraint Lagranss muiptisr
2. Labor sepply and wags eiting

Following Erceg et al. (2000), we assume that a continuum of monopolistically com-
petitive households supply differentiaiied labor services to the production sector as
an imperfect substitute for the labor services of other households. There is a set of
perfect competitive labor service assemblets that combines household% labor hours
in the same proportions as firms would choose. The aggregator’s demand for each

houiseholds 1abor demand is defined as:
[

hi = | | hy™= di
@
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The optimal composition of this labor service unit is obtained by minimizing its
cost, given the different wages set by differemt households. The demand for each
differentiated variety of labor is given by:

where w, = m (i) %c’ " lisancaggregatewvagei inkisoaarcd (3 ~> (Dissttwctias-
ticity of substitution among labor varieties.

We assume thatt wiagie stiting) iis sulyject ko ammmimal nigidiity, 1k Callvo ((C583). T dlura-
tion of each wage contract is randomly determined: in any given period, the household
is allowed! tio messt iits wage cartiract; ks, wildh protbility (1L — &), the hovsehold is
not allowed to reset its wage contract. We assume there is an updating rule for all those
households that cannot reoptimize their wages. In particular, if a household cannot
reoptimize during i periods between #amid € # thehenvitsosagel at- € i¢ givisgbyen by:

rule pc A, H]F 4 (l’]l. ~|_—Ilrt L 7“’:“ ( )1*Ekm:1 me\

Whteps (0 *wpel<i> A Ht KR - (9)
I G

where n & N is the indexation horlzon Yk _—0idglieewweibhtastigoedtdoir

rate k periods earlier and 1L ~ LJ N Voo, = 0 s e weightt assigned] to the tanget
inflation set by the monetary authority, 7T TTisi adpljsatmeemntruld erimplibie shtitasotdaars
who do not optimally neset fiheir wages wntite dhem y wsing £ geametric wwaighted
average of past CPI inflation and the inflation target set by the Central Bank, 77t.

Any period of time t,, in which a household is able to reset its wage contract, solves
the problem:

i=0 4

subject to the labor demand (8), the updating rule for the nominal wage (9) and the
budget constraint (4).
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B.  [ENTREPRENEURS

Entrepreneurs purchase capital in each periodi, ( k1 éffub'—}), and use it in oo~
bination with hired labor, h; to produce the intermediate product, gf, following a
constant returns to scale technology:

S

R
#?= '

af (ki + (L= ag? @R |- 49

where kj = Kc.i “7j3/~+ The intermediate product is sold in a competitive market at
wholesale price, pf:. Following Christiano et al. (2008), we assume that technology,
Xt , follows the exogenous process given by:

nor =i osydeey de & e-

where €; and e; are uncorrelated over time and with each other. This simple pro-
cess allows incorporating a boom and bust episode in the model. Throughout the

analysis, we consider the following impulse; Ujpwmtil genibat 11, e ewommmyy ks im
steady state. In period t = 1, there is a signal that suggests In ( x¥)) will be high

in period 1 + p. But, wifen paimt 11+ p exaurs, the expecied rise in ttedhndbegy
in fact does not happen.

Capital stock depreciates at the rate & > Q. Following Gerali et al. (2008), we
assume that in order to finance capital purchases entrepreneuns have access to loan
contracts offered by banks. The amount of resources that banks are willing to lend
to entrepreneuts;, z] , is constrained by the value of their collateral, which is given by
their holdings of physical capital. The borrowing constraint is:

o8 &11 s )%{ 1l (Pt e (L — B)) ((h

where m{ is the loan-to-value ratio and i;”‘f is the interest rate paid on loans. The
entrepreneur's budget constraint is:

N,
PP i Y zfls:f]tvﬂl A ol kﬁ’ [ %41\\‘ gtf—1t4'%:1 = Tﬁ]& (12)
Pl gt+Pt (| =°) h-i N 44 = wiherprke+i LT 14 AV L V)

where T1%° represenis the flow of profits that will be transferred to households.
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Given labor demand, the representatiive firm purchases kf,., units of capital, at price
Pt, to maximize its expected sum of profit flows, using Af.,, = 8" (%) {2
the appropriate discount factor. Optimality conditions are given by

< ag’ I 13
WX =Ko Bt <]<1*-5&5E?F(|%ﬂ\ J A#&Hﬁﬂﬁx%h})ﬂmﬂ ) N

Are. —— +ee A —

- s ——— g (15
we Z R
C. RETAILERS AND PRICE SETTING

Retailers buy output from entrepremeuns and slightly differentiatie itt st reasnunee
cost. The differentiation of output gives the retailers some market power. Housalholltis
and firms then purchase CES aggregates of these retail domestic goods. Retailers aie
introduced to motivate sticky prices and we follow Calvo (1983) in introducing price
inertia. Each retailer faces a demand for variety j given by:

d .
o) ( x. Spsbig)\ o a6)
where ¢¢ x4 o dj ““"and p¥ @ @)y -"d . While

Xt is an exogenous technological factor, p?l“tis'the output price of the aggregate basket,
g, and & is the price elasticity of demand for variety j. This parameter also diefines
the flexible price equilibrium markup charged by firms.

Following Calvo (1983), we assume that only a fraction (Il — cé9)affséléersissablidowdd

to reset their prices. In particular, if a firm cannot set an optimal price, then it follows
a nonoptimal price rule;

rule / - . Yok > qm
P Ghepui Gy (14 i) ™ g 4 0 R
=i
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where ™ & N is the indexation horizom, Yk = 0 is the weight assigned to the in-
flation rate k periods earlier and 1="2:_; vam > 0 is the weight assigned to the
target inflation set by the monetary authority, 7.

If the firm receives a signal to optimally adjust its price, it will choose P (@) to
maximize:

Hax ErY, (6% Muiylqpet () yodi) gyrd ewided o)1 (A7)@7)
“ (E=6)

subject to the demand for variety j, (16), using Ai/ ,, = 8 @éﬁ-“é o %@rﬁﬁ%m ’
the appropriate discount factor.

D. CAPITAL BMRODUCERS

Capital producers purchase consumption goods as a material input, X;, and combine

it with the existing capital stock, (1~ é)#%Ji@W);td produce mew capital. Wide
assume that capital producers are subject to quadratic capital adjustmentt costs. The
price of capital is determined by a g-theory of investment.

The aggregate capital stock evolves according to:

AN
ke = ({1I—— @ ﬁtkl‘_—%l?]_\f?_ erxl%l?t 6’1§)

where X* is the marginal efficiency of investment, following Greenwood et al. (1988).

Capital producers’ optimizatiom problem, in real terms, consists of choosing fiiee
quantity of investment to maximize profits, so that:

max il —pir sfha B0 e TR B\ e,

subjecttiv (18). The k,\, finstt order condition is:

Pit =Xt (Plt—= v (fkt= Mt))) ()
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E BANKS

The banking industry is assumed to be perfectly competitive. Since economic agents
require deposits and credit, banks produce the financial services through a production
technology that uses real resources from the economy as an input. Following Edwards
and Vegh (1997), the production technology for banks is given by the cost function:

6 (., )

which is positive for z/ , dgl, >>0Qconnuvexcontitinoashhddiffecantakide iinorassingin
all arguments;, and homogemneous of degree one.

£t represents an inverse measure of the total productivity of the banking intermedia-
tion sector. It is a cost scale factor exclusive of the banking sector that follows that
process:

Int6) = (I — p}) n (&) +REInt&ri)) +

where ¢ is the expected value of the cost scale factor, 0« € [0, 1) and ¢* is a white
M@Eﬁvﬁriégrngzmeﬁﬁ(i’aﬂ@wqéf the cost scale factor, G ) and é isawhite

noIse varia variance
The policy of the Central Bank and the banking sector is related through the reserve
requirementt, which is a fixed proportion Ttd > 0 of total deposits, so the bank re-
serves, 1th;, satisfy the amnstraint:

ot > Trdt @y

Banks can borrow from the Central Bank at anominal rate, 4%, Tl didistaffeagii-
vate bank with the Central Bank is b;,. Banks also finamzethemselves through fareign
debt, f;, and they pay the interest rate, 1{ set in the foreign market. It is assumed that
the banks are the only private agents that have access to foreign resources.
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The represemiatives bank seeks the maximizatiom of the discounted sum of profits
(117). Thhee thamiks nesaunce: comstraintt is gjven ty:

Aﬂ N"" —  dli=— TZ
A N
Ng,— 88 AineaNe 1 fr
Oy - Fu
At 1Nt 1
I Y, VA
AHMWLI

+bt + nmhot-i

. N +plgw (%Z& +p

The bank's income is given by credit interest paymenis at a nominal rate mffll,ﬁitmi'@m
debt accumulation £, deposits accumulation d,. accumulation of debt with the Cen-
tral Bank b; and the returned reserve from the Central Bauk ript-\ Thhssa ¢evanaeniese
used to pay for deposits at an interest rate 2, to accumulate credit zf,c , to pay foreign
debt at the interest rate i/, .t pay the intesestt to the cenivall bank: i°. to accumulbir
new reserves, to pay the real cost of the financial intermecliation and to make profit
transfers to households, 11 3 1 + 77 represents the foreign inflation rate.

The production technology of the financial services is represented by the cost function:

1811

vy = MLy v e @

where v > 1, v,, v > @

The bank’s optimization problem is a dynamic process. Banks maximize ex-
pec,ted value of :che discounted sum of profit flows. The relevant discount factor is
AHL-= (i4ar) " -wfaf- Thie fifsstoorkier oconkditborss fbor debomeasiic, feoedign duittage-
cumulation, deposits, and credit are:

23)

e i (ﬁﬁl oy

s T
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Aca\ 7 1+z‘i‘)
N o= BE (S} [ 24
v o= ok f%r) Mt“(wm &

PE(CP) nbnt ) =l () et [ ) @ @) @9)

s () X(C‘]*'H—”—M((J@l N ] (@Y @

E FOREIGN SECTOR

Following Schmitt-Grohé and Uribe (2003), we assume that the foreign sector pra~
vides resources to the economy at the interest rate, i, that depends on total met
foreign indebtedness, f =C£f;°,aaseapmﬂ’@eoﬂ@ﬂm,y%mﬁﬂlm:

i) =+ e ﬁéfﬁ—%m\ (29

where #* is the risk-firee foreign interest rate, ;@f is aforeign interest rate shock,
af’are foreign assets held by the Central Bank, FE is the steady state value
of net foreign assets amdl Q,, > 0 iis a sealke panameten. We diese the nmedbdliim
this way because without it, net foreign indebtedness might be mordtationary,
licating analy.ls,%oﬂfloca] dynamics. Im steady state, Q’%?%}n}m&adld

7] i':%
G.  CENTRAL BANK

Monetary authority is able to set the nominal interest rate prevailing in the imterbank
market, n?‘, fral Lbowwirpg aa Tlegtbor thype mulle:

@) = (i 0v{ sy (P (G T aes @9
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where p and p, are, respectively, the weights assigned to inflation and output
stabilization, ¢{ is an exogenous shock to monetary policy and y/'* represents the
hypothetical output level that would exist if the economy would have had fllexible
prices and wages.

The resource constraint of the Central Bank is given by:

tm')) ey i A Km}témmw rbeZatgtrben e beALY 20)

where atb? is the exogenous stock of foreign net assets and Hfif are the transfers to
the government.

H.  GOUERNIMENT

The government obtains resources from lump-sum taxes, 7, and net transfers from the
Central Bank, the transaction costs, and capital adjustment,, and uses this to fimaree
public expenses, g,, which follow the process:

In(g) = (1 — p)) In(g) + py In(g) 1) +¢f

where 7-gytlis thepexeettedueabfethd thevenuermenpexgpanditure, @, (G (0,abarft
are white noise with variance @;.

L NATIONAL ACCOUNTS
Real GDP, 1y, the final domestic income of the households:

e = Ct""g'ﬂ“_%‘"'ftﬂ det”)

{1t v
_fit.l(af@—sftflj‘ﬁt‘ 1N%i—tn+(ft—a?
rbe rove Tl ., . cb\

from which we can define trade balance as:
. i i i) —; - trt+[ﬂ.a)

where tr;; represenis foreign transfers.
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J. MODEL MPARAMETRIZATION

The model is calibrated to match key steady-state ratios of Colombia. In the model,
a period corresponds to one quarter.

L Long-run parameters

Following Mahadeva and Parra (2008), the annualized foreign steady-state real

interestt rate faced by the Colomihiam economy is set at 3.42%. This implies a

discount factor of (3—=D9ED. FeHHowingPPadda(Z2088),tlibevuhlaeobfin idsssttido
match the average annual rate of growth of the total population in Colombia,

1L.22%, and the parameter a is calibrated to obtain an annual rate of growth of the

labor-augmenting productivity of 1.5%. A value of a = 2 is used as the constant

relative risk aversion coefficient, Arias (2000).

The steady-state foreign annual inflation rate is set at 2% and the domestic annual
rate is set at 3%, the long-run target of the Central Bank in Colombia. The parameter
Cis set at 3 tiwaliitain alfnisdh dbstitity D3R, divseto tie wallve fround] by Pradta andi
Rojas (2009).

The model is calibrated to produce a steady state-value of h =02294, the share of time
dedicated to the labor market. This implies a value of ¥ =1446.90. We assume that
banking costs are quadratic, and set v = 2, To match the awarage ammualized real llandl-
ing rate (7.92%) and the average annualized real deposit rate (2.01%) reported i Pradia
(2008), we set v, =6.284 x I®° and v, = 1.324 x 10",

In the level of real GDP, the steady state is normalized to unity. This is achieved by
setting x“° = 0.524. The exogenous public expendituie parameter, g, is calibrated
to obtain a steady-state ratio of governmenit expendituie to GDIP of , equal to the
average of that ratio in the period 1994:1-2007:4.

Following Mahadeva and Parra (2008), the value of total foreign net assets to GDP
is set to 1.20, and this implies a value of 1.20 for the parameter F&:. The average
ratio of net foreign assets of the Central Bank to GDP (net foreign assets, imonetary
sectorization - Banco de 1a Republica) is 0.454 in the period 2005:1 - 2007:4, and the
parameter a*° is set to match this ratio.



ENSAYOS SOBRE POLITICA ECONOMICA, VOL. 28, NUM.61, EDICION ESPECIAL CICLOS ECONOMICOS (GLOBALES,
CRISIS AINANCIERA Y SUS EFECTOS EN LAS ECONOMIIAS EMERGENTES

The average ratio of net foreign transfers to GDP is 0.0351 and) theprnemelier &
is set to this value. We asssun® anadaatifc tiaraingh casdts aaddssét 1o, = 2. Tipe
paramneter 1), is ealibrated to mateh the value of the average ratio of deposits that
generate eosts to the banks to GPIP (112£0). Tithks immligss aavalngecd fil), = (D6,
The parameter e = 0.456 is ealibrated to get the average ratio off investment to
GDP (0.21%), reported im Prada (2008). The steady-stats leverage ratio m’ is eali-
brated to match the average ratio of eredit to GDP (2.10). This implies m’ =0.33.
Follewing Prada (2008),  is set at 0.062 andi a“ is set at 0.454.

2. Short run and additionall parameters

Following Arango et al. (1998) the markup an the marginal cost of production iis st it
25%, and this implies a value off ' = 5. The same markup is assumed for the wage
setting process. Following Bonaldi et al. (2009), the Calvo parameters that measure the
degree of price stickiness are salartted] in auh & way tint, on axarage, tihe fimal price ot
the good is adjusted once each year (¢ =0)/75) and the wage rate is adjusted once each
four months (€ =0.25). The elasticity of substitution between labor and capital is st
at p =0.84, as in Bonaldi et al. (2009).

In the baseline calibratian it is assumed that there is no monopolistic competition
in the fiimancial system, because this conditiamn is not needed to explain the spread
between interest rates. Then, 07 — xOant @ —-&O THetdhitpesistance @ iis
set at 0.5, The parameter of the adjustmenit cost of investment ByX is set at 0.7, ke
persistence of the exogenous processes is 0.6. The parameteis of the policy rule are
standard: 5, =078, pz =1.25and p, =10.50,

We find the Ramsey optimall allocations for our economy using the computer code
and the strategy used in Levin and Lopez-Salido (2004), and Levin et al. (2005). Tle
Central Bank minimizes an intertemporal loss function at time #=

= o i;\rti_q) (/Lurq) b JO

L.=FE> 5 a fiicare

EY () (G) e
where sO

185



186 I| OPTIMAL MONETARY ROLICY AND ASSET FRICES: THE CASE OF COLOMBIA
PP, 168-197

mw F) F reloself  if obi=ss

fw

T~ 77 4, (@ YO ifoobj flex

-l if obj = wtil

where flexx represents the flexible price equilitariuum variables and ss stands for
steady-state values. The first two losses are often used as a metric for capturing poli-
cymaker's preferemces in studies that attempt to evaluate the trade-off between infla-
tion variability and output variability. In addition to these losses, we consider a second
measure of loss: i.e,, a utility-based loss function, which we denote —@H“?.H&b}m’v\iﬁg}
[Woodford (2001)], we derive §** by taking a second order log-linearization of the
utility function around the steady state. We ignore the constant and first order terms
(the latter are zero in unconditional expectation) and focus on the unconditiomal ex-
pectation of the second order terms. The result is:

frdth . -

+x'et <jfcftct — gact it ﬂgc )

oK (02 (o (i @) & (1) | (v () Yo

The terms that appear in the utility-based loss function, are directly related to the
distortions present in our model; the welfare of the representiatie: consumer is ad-
versely affected by variability in consumption and the dispersion of hours worked
between households (similarly to Levin et al. 2005).

The minimizati@n of the loss function is subject to the DSGE model described
before. The optimization results in & set off ffixdt @rdier conditions, wiich comtxined
with the model equations yields a system of difference equations that can be solved
using several alternative algorithms.
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On the other hand, we close the model with alternative simple rules and compare the
results when a bubble shock occurs. The firstpolicy rule that we examineg is the flexible
price rule eq. (28), where the Central Bank responds only to inflation and output gaps
(defined as deviations from the flexible price equilibrium). In the second policy rule
used in the simuikztiomns the monetary policy allso reacts directly to assat pnices:

The third and fourth rules are similar to the simple the rule, eq. (28) and eq. (30),
but instead of using deviations of output and asset prices from the flexible price
equilibrium, we use the output growth rate and the asset prices growth rate, as
follows:

(18 = 0 p (040 by £)- (520 vl o

and

Finally, we use two simple rules where the output and the asset price gaps are defined
as deviations from steady-state values ((ss).

A.  RESULTS FOR BOOM AND BUST

The results in Graphs 2-4 show the dynamie respenss of our medel to a ¢ shoek

187

that eceurs in period L, followed by €@——crr s for-p5— tosTHhesctirresiga sig-

nal that technolegy will impreve in the futurs that turns out to be false in the end.
A positive signal arriving in { = p ihstisiessousdadits thaitthe essoramyisslikaly
to be more productive p periods ahead. Anticipating this, they try to bring the future
value of more production to the present. They increase eonsumption and investment,
in preparation for the futuis expected increase in productivity. To finance these ae-
tivities, households increase their demand for credit and assets. Capital price rises
due to the expected need for new capital in the future. This constitutes the boom stage
of the cycle, based solely on expectations. But jp periods ahead, when productivity is
supposed to change, a surprise shock, &,. may occur. For instance, if €@—=¢: g, thehen
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productivity stays still and the expected productivity change does not happen. This
might happen, for instance, iff a new technology results less efficient than expected,
or if a production policy fails afterr generating; good signals. Then, households face the
consequencess of higher consumption and investment financed through credit, without
real support. The economy enters a recession: consumption, investment, asset prices
and general economic activity fall. The booim has been buirst.

We compare the dynamic properties of output, consumption, investment, asset
prices, nominal interest rate, real wages, deposits, credit and inflation in the Ramsey
equilibrium with the behavior of these variables when we close the model with
alternative simple policy rules. Grapih 2 showss the diymamic response of tinese warisblles
for the Ramsey equilibrium and for the model closed with the simple rule that reacts to
the output and inflation growth rates and with the rule that also reacts to the asset price
growth rate, with pk =@5. With a monetary authority that follows a simple rule, a
minorfiluctuatiemnis transformned into a substantial boom and bust cycle. This happais,
firstly, because the real wage rises diuring the booni in the Ranmsey equilibriwin, and so,
an efficient way to achieve a higher real wage is to let inflation drop; but the mometary
authority, who follows the inflation targeting strategy, is reluctant to let this happen,
and instead, respends to inflation weakness by shifting to a looser monetary policy
stance. Secondly, when the productivity shock does not occur, the Central Bank does
net react fast eneugh in relatien to the optimal policy, causing a higher volatility.

Letting a reaction from Central Bank to asset price gap does not significantly imm-
prove the dynamics of the variables, but as we will see later, when we compare the
rules in terms of central bank losses there exist an important diifference.

Graph 3 plots the results of the policy rule that takes into account output and asset
prices deviations from the flexible economy. The boom and bust is smoothet in this
case because the boom is shortet than in the case of the flexible price rules shown in
Graph 2, The worse scenario occurs ini the case where the monetary authority uses
an instrumenit rule that reacts to deviations of output and assei prices from steady-
staie values, Graph 4. In this case, the dynamic of the series is much more volatile,
In addition, when the productitvity dheck tuirns cut to be false, the monetary avlhsiity
reacts too slowly in relation to the flexible price rule. In terms of these responses this
is the less desirable type of rule. The mest suited policy rule, which is closer to the
optimal peligy, is the simple rule that reacts to the output gap and the asset price gap
using deviations from the flexible-price economy.
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Something worth noting is that if the monetary policy is more aggressive (@ = 2.25)
than accommodative (@, =1.25) —in terms of targeting inflation— in the rule that
uses deviations from the flexible equalitariwmm economy, the volatility of output and
inflation is reduced, as can be seen in Graph 5. Therefore, we compute the losses for
the differemt types of rules for both cases, the accommodative and the aggressive
monetary policy.
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Table 1 boddovsboovsstiieeressldtsfor bzetbineecadtitenatitivece ri¢eraaod fveblfiaeclfort e
alternative simple rules undier acoommodiztive and aggressive policy rules. The
optimal policy using deviations from flexible prices in the loss function is the one
that delivers the lower losses.

Optimal 3.6919 0.0540%96 0.12467

Accomodative 2.2808 1.4490 -2.1897
Rule flex. gap Aggresive 11700 0.7405 -0.,0463
Rule flex. gap + Accomodative 16130 0.9483 -1.4539
asset prices Aggresive 0.9025 0.5501 -0.6513

Accomodative 7.4613 5.8217 -8.0248
Rule:growth Aggresive 31063 2.3085 -3.0443
Rule growth + Accomodative 8.2769 6.5008 -8.9499
asset prices Aggresive 4.1039 3.0917 -4.1956

Accomodative 26.828 23.463 -27.963
Ruleisteadyistate Aggresive 6.85511 5.5609 -6.9933
Rule s.s. + Accomodative 27.850 24.424 -27.238
asset prices Aggresive 8.6478 7.1005 -8.7345

Source: authors.

As can be seen, the lower losses are obtained with the flexible price rules with an
aggressive monetary policy. Rules that perform the worst are those where the monetary
authority responds to deviations of output and asset prices from steady-state values.

When the Central Bank follows a policy rule, an aggressive stance against infla-
tion seems to better control sty the effects «ff the bk, i terms of cantirall bk
losses. This happens because an aggressive stance allows a lower variability of infla-
tion. A tighter control of prices does not allow the bubble to build up, so the relevant
gap of asset prices is lower in the aggressive case. This, in turn, reflects in a slower
growth of investment and output when the bubble is building up, and generates a
deeper fall of the relevant gap of these aggregates when the bubble buirsis.

If the Central Bank does not follow an optimal policy for the three objective functions,
the best results are achieved when the bank follows arule that takes imtio acoount diewvia-
tions of output and asset prices with respect to their hypothetical paths in an economy
with flexible prices. Since the expectational shock is real by nature, the economy with

193



194}

OPTIMAL NMONETARY POLICY AND ASSET PRICES: THE CASE OF COLOMBIA
PP, 168-197

flexitilte priiess s ssimbdarctfiarts: aaninowesse 1ingnmss ppoehitioon, cconsunygiton, in-
vestment,, and domestic and foreign debt. The Central Bank that takes into account that
thefiiexible-pricereal variables are deviated as well will try harder to control prices and
to make real variables behave as in the flexible-price economy. Therefore, it allows a
lower variabiliity of prices and a faster fall of consumption, investment and credit
when the productivity shock does not occur. This fast adjustment is reflected in less
variability of real GDP and generates a smaller loss.

We must note that the dynamics of the economy do not change by much iff the cem»
tral bank takes into account or not the asset prices in the policy rule. The only case
in which targeting the price of assets decreases the loss of the Central Bank for
the unrealized productivity shock is when the policy rule looks at the flexible-price
economy. In this case, the relative improvement from includiing asset prices is of 32
percent when the loss function uses flexible equilibriwim variables. For all the re-
maining rules, targeting the asset prices does not decrease the loss. Just as before, if
the Central Bank targets deviations of assei prices, it will not allow fior @ ffast adijusi-
ment. 1n the case of the flexible-price economy the asset prices fall sharply, and the
rule that follows this information will do a fast adjustment.

In conclusion, a fast adjustment of the economy is needed to minimize the loss of the
Central Bank when it is obvious that the productivity shock did not really happen.
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We calibrated a DSGE model for the Colaminizn economy that incorporates fea-
tures such as sticky prices and wages, a banking sector and a financial fragility
describing balance sheet effects. We use the model to compute the optimal policy
response of the economy under an expectation shock of improvement in technology,
which turns out to be false. The benchmark Ramsey-optimal equilibirium is used to
compare simple policy rules that monetary authorities might wse in the implementation
of monetary policy. We find out that the simple policy rule that reacts to deviations of
output from potential output —defined as the hypothetical output level that would
exist if the economy would have had flexible prices— is the one that delivers the
lowest central bank losses. This is because a fast adjustment of the economy is needed
when it is obvious that the productivity shock did not happen. Adding asset price gaps
to the policy rule does not iimprove imuch the diyinainmics of the econoniy, wnless the Cen=
tral Bank is able to identify asset price nnisalignments. Finally, an aggressive monstary
pelicy —in terms of fighting inflation rate— reduces ceniral bank losses, given that
output and inflation variability is rediuced.
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