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Julio Velarde fue reconocido como Banquero Central de 2015 
a nivel global por The Banker. Dicha publicación señala que 
“de esta manera, se reconocen los esfuerzos y logros de Julio 
y el Banco Central de Reserva del Perú, que han navegado en 
un contexto internacional cambiante y difícil, con velocidad 
y eficacia, al mismo tiempo que están logrando reducir la 
dolarización crediticia, mejorar la estabilidad de su sistema 
financiero y cumplir con sus metas de inflación”.

Este libro es un tributo al brillante colega, eximio maestro y  
connotado gestor de políticas públicas. Tiene tres partes. 
La primera incluye los discursos ofrecidos en la Universi-
dad del Pacífico con ocasión del reconocimiento mundial  
alcanzado. La segunda contiene cinco ensayos sobre la prác-
tica de la política monetaria y financiera, a cargo de distin-
guidos académicos y funcionarios nacionales 
e internacionales. La tercera consta de cuatro 
contribuciones desde los modelos cuantitati-
vos que sirven de base para tomar decisiones 
de política monetaria cada vez mejor funda-
mentadas.
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6
Cyclical effects of credit conditions in a small open

economy: The case of Peru

Marco Ortiz∗

In this chapter we extend a new Keynesian open economy model to
include a housing market and credit constraints in line with Iacoviello
(2005). This setup allows us to study the effect of changes in credit
conditions, represented by the share of capital that agents can use as
collateral for loans, in the business cycle. In our setup, the easing of credit
conditions generates a downward pressure on inflation, higher housing
prices, a GDP expansion and a real depreciation. Additionally, we analyze
how the presence of credit constrained firms affects optimal monetary
policy rules. We find that in the presence of exogenous shocks to credit
conditions and pecuniary externalities, the central bank obtains relatively
small gains by reacting to fluctuations in asset prices. In contrast, the use
of a different instrument that reacts to changes in the financial conditions
can provide significant gains in stabilizing the economy. These results
support the argument for using a different instrument for macroprudential
purposes instead of the central bank policy rate.

Keywords: Housing markets, open economy economics, macroprudential regulation.
JEL Classification: E32, E44, R31, F4, G28.

∗ I would like to thank Paul Castillo, Marco Vega, Hugo Vega, César Carrera and participants of the BCRP
research seminars for their thoughtful comments. I am also grateful to Luis Palomino for his excellent
research assistance. The opinions expressed in this chapter do not necessarily reflect the views of the
Central Reserve Bank of Peru.
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148 Chapter 6: Cyclical effects of credit conditions in Peru

6.1 Introduction

The recent financial crisis made manifest the importance of imbalances in housing
markets and housing credit booms for the business cycle (see Kaminsky and Reinhart,
1998; Reinhart and Rogoff, 2009; Borio and Drehmann, 2009). One of the most
accepted narratives links housing price dynamics to innovations in credit markets.
For the United States, Korajczyk and Levy (2003) find evidence that book and
market target leverage are procyclical for constrained firms. Landvoigt et al. (2012),
using a detailed database of the housing market in California, find that the lower
quality segment of the market experienced the highest capital gains during the 2000-
2005 housing boom, a result explained by changes in the conditions faced by credit
constrained agents. For the case of Peru, Orrego (2014) finds a strong and significant
long-term relationship between the price of housing and mortgage credit over GDP.

Understanding the cyclical effects of credit conditions in a small open economy is
key for monetary and macroprudential policy design. For this purpose, we introduce
borrowing constraints, in line with Iacoviello (2005), into a small open economy
model with nominal rigidities, in the spirit of Obstfeld and Rogoff (1995) and Galí
and Monacelli (2005). As in Kiyotaki and Moore (1997), the introduction of such
constraints is key to obtaining an amplification (procyclicality) effect in the housing
markets that spills over into the rest of the economy. Thus, we are able to study
how these credit constraints modify the central bank policy reaction. Additionally,
we introduce a macroprudential instrument, in the form of Loan-to-Value (LTV
henceforth) ratios, to gauge its effectiveness as a tool for macroeconomic stabilization.

Our goal is to get a better understanding of how monetary and macroprudential
policies interact, hence we consider an economy with three different sets of policy
setups: (i) a standard case where the central bank does not react to the price of assets,
(ii) a central bank that reacts to asset prices, and (iii) a central bank that also uses a
LTV rule that reacts to financial conditions. Our results support the argument for using
a different instrument for macroprudential purposes than the central bank policy rate.

There is a growing literature that studies the interactions between monetary and
macroprudential policies within a DSGE framework. In relation to other types of
macroprudential regulation, Gerali et al. (2010) and Angelini et al. (2011) show how
the introduction of capital requirements affects lending rates and weakens the monetary
policy transmission channel. Agenor and Pereira da Silva (2009) focus on the trade-
off occasioned by the impact on financial costs of banks in the face of changes to the
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equity-debt ratios. Benigno et al. (2013) find a “leaning-against-the-wind” motive in
monetary policy that considers the value of a country’s collateral in foreign currency.

The rest of the chapter is organized as follows. Section 6.2 presents the model,
Section 6.4 discusses the results under different types of intervention, and Section 6.3
concludes. Details on the derivations of the model, steady state computations and the
log-linear form used in the simulations are available upon request.

6.2 The model

The model follows the contributions of Obstfeld and Rogoff (1995), Galí and
Monacelli (2005), Christiano et al. (2005), among others, by depicting a small
open economy with nominal frictions. Financial frictions are introduced following
Iacoviello (2005). Two different types of agents make up the economy. The first type
are unconstrained and relatively patient households, variables we denote by an H
superscript. These agents will have access to international credit markets. The second
type are entrepreneurs who produce wholesale goods and consume. They are relatively
impatient and face collateral constraints in the spirit of Kiyotaki and Moore (1997).
Enterpreneurs can only access the domestic credit market. We can rationalize this as
a sector of bankers, who intermediate between the external investors and domestic
firms.1 The economy includes a retail sector owned by the patient households and
a central bank, which acts also as the macroprudential regulator, setting the policy
interest rate and establishing macroprudential rules.

6.2.1 Households

Each household chooses consumption of goods and housing services and supplies
labor to entrepreneurs to maximize their lifetime utility function:

E0




∞∑
t=0

β t
(
log cHt + j loghHt −

(LHt )
η

η

)

, (6.1)

where cH and LH represent, respectively, the consumption of goods and labor supply
of the patient households; hH stands for the holdings of housing by the unconstrained

1 Even though the situation seems to be rapidly changing, in developing countries there are few private
sector firms that can obtain funds directly from abroad, or they do so under more restrictive conditions.
See Rodrigues Bastos et al. (2015) for a study of corporate financing trends in Latin America. Note also
that we do not consider credit constrained households. We leave this extension for future research.
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agents and j controls the relative weight of this component in the utility function; Et is
the conditional expectation set at period t ; and 0 < β < 1 is the intertemporal discount
factor.

The consumption basket of final goods is a composite of domestic and foreign
goods, aggregated using the following consumption index:

cHt ≡
[(
γH
)1/εH (

cH ,H
t

) εH −1
εH +

(
1 − γH

)1/εH (
cH ,M
t

) εH −1
εH

] εH
εH −1

, (6.2)

where εH is the elasticity of substitution between domestic (cH ,H
t ) and foreign goods

(cH ,M
t ), and γH is the share of domestically produced goods in the consumption

basket of the domestic economy. In turn, cH ,H
t and cH ,M

t are themselves indices of
consumption across the continua of differentiated goods produced in the home country
and those imported from abroad, respectively:

cH ,H
t ≡



(
1
n

) 1
ε
∫ n

0
cH ,H
t (z)

ε−1
ε dz



ε
ε−1

, (6.3)

cH ,M
t ≡



(
1

1 − n

) 1
ε
∫ 1

n
cH ,M
t (z)

ε−1
ε dz



ε
ε−1

, (6.4)

where ε > 1 is the elasticity of substitution across goods produced within the
home economy, denoted by cH ,H

t (z), and within the foreign economy, cH ,M
t (z). The

household’s optimal demands for home and foreign consumption are given by:

cH ,H
t (z) =

1
n
γH
(
PHt (z)

PHt

)−ε (
PHt
Pt

)−εH
cHt , (6.5)

cH ,M
t (z) =

1
1 − n

(
1 − γH

) (PMt (z)

P Ft

)−ε (
PMt
Pt

)−εH
cHt . (6.6)

The demand functions are obtained by minimizing the total expenditure in
consumption Ptc

H ,where Pt is the consumer price index. Note that the consumption of
each type of goods increases at the consumption level, and decreases in terms of their
corresponding relative prices. Also, it is easy to show that the consumer price index,
under these preference assumptions, is given by:

Pt ≡
[
γH
(
PHt
)1−εH

+ (1 − γH )
(
PMt
)1−εH ] 1

1−εH
, (6.7)
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where PHt and PMt denote the price level of the home produced and imported goods,
respectively. Each of these price indexes is defined as follows:

PHt ≡
[
1
n

∫ n

0
PHt (z)1−εdz

] 1
1−ε

and PMt ≡
[

1
1 − n

∫ 1

n
PMt (z)1−εdz

] 1
1−ε

, (6.8)

where PHt (z) and PMt (z) represent the prices expressed in domestic currency of the
variety z of home and imported goods, respectively.

We assume that unconstrained households can save and lend in both currencies.
The flow of funds is given by:

Ptc
H +Qt∆h

H
t + (1 + it−1)B

H
t−1 + (1 + i∗t−1)StB

∗
t−1

= BHt + StB
∗
t +W

H
t LHt + Ft , (6.9)

where W H
t is the nominal wage, Qt is the price of housing, it the domestic nominal

interest rate, St represents the nominal exchange rate, and Ft are nominal profits
distributed from firms in the home economy to the households. Following Schmitt-
Grohé and Uribe (2003), in order to close the model we propose a debt elastic interest
rate for foreign debt:

i∗t = i
∗∗
t + G (B∗t ) , (6.10)

where i∗∗t is the foreign interest rate and G′(·) > 0, G′′(·) > 0.

The conditions that characterize the optimal allocation of unconstrained
households are given by the following set of equations:

1
cHt
= βEt




1 + it
cHt+1

Pt
Pt+1



, (6.11)

W H
t

Pt
= cHt (LHt )

η−1 , (6.12)

Qt

cHt
=

j

hHt
+ βEt




Qt+1

cHt+1

Pt
Pt+1



, (6.13)

1
cHt
= βEt




1 + i∗∗t + G′(B∗t )
cHt+1

St+1

St

Pt
Pt+1



. (6.14)

Equation (6.11) corresponds to the Euler equation that determines the optimal path
of consumption for unconstrained households in the home economy, by equalizing the
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marginal benefits of savings to the corresponding marginal costs. Supply of labor is
characterized by equation (6.12), where W H

t /Pt denotes real wages. In a competitive
labor market, the marginal rate of substitution equals the real wage. Domestic agents
also extract utility from housing services. The equilibrium condition between goods
and housing consumption is given by (6.13). Finally, we get a condition on the holding
of foreign assets (6.14), which combined with (6.11) yields a modified uncovered
interest rate parity condition:

1 + it = Et

{[
1 + i∗∗t + G′(B∗t )

] St+1

St

}
. (6.15)

6.2.2 Entrepreneurs

Entrepreneurs derive utility from goods consumption (cE ) and demand labor from
households. They produce wholesale goods which are sold in a perfectly competitive
market to retail firms. Each entrepreneur maximizes:

E0




∞∑
t=0

ϱt log(cEt )


, (6.16)

where the discount factor satisfies 0 ≤ ϱ < β , making entrepreneurs relatively more
impatient than households. This assumption guarantees a binding credit constraint
in the steady state.2 Their consumption basket composition is similar to that of the
unconstrained household. Their flow of funds is given by:

PtMCtY
int
t (z) + BEt = Ptc

E
t +Qt∆h

E
t + (1 + it−1)B

E
t−1 +W

E
t L

E
t , (6.17)

where MCt stands for the real marginal cost of production, hE is the housing capital
in possession of entrepreneurs which is used as a production factor and serves as
collateral for credit, andW E and LE are both the nominal wage paid to workers and the
labor demand. Entrepreneurs will demand credit from households, which we denote
by BE . The technology for the intermediate good Y int

t involves the use of both housing
and labor:

Y int
t (z) = At (h

E
t−1)

ν (Lt (z))
1−ν . (6.18)

2 This is a simplifying assumption. We acknowledge that a more precise approach dictates the use of a
global solution method with an explicit occasionally binding constraint to capture the precautionary
motive of the constrained agents. We leave this extension for future research.
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Firms take as given the real wage Wt/Pt to households, and choose the demand of
labor by minimizing costs given the technology. It is simple to verify that the demand
for labor is given by:

LEt (z) = (1 − ν )MCt (z)

W E
t /Pt

Y int
t (z) . (6.19)

As mentioned, producers of intermediate goods face a collateral constraint as in
Kiyotaki and Moore (1997). Entrepreneurs are limited to borrow up to an exogenous
time-varying share of the expected nominal value of their property, ζt . Thus:

BEt ≤ Et
{
ζtQt+1h

E
t /(1 + it )

}
, (6.20)

which yields a constrained optimization problem. We consider ζt to be stochastic,
reflecting the changes observed in credit conditions over the business cycle. Thus, the
economy is hit by shocks to financial conditions, as in Gerali et al. (2010).

The remaining first order conditions of the entrepreneur’s problem are:
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where λt stands for the Lagrange multiplier of the borrowing constraint.

6.2.3 Final goods producers

Producers of final goods acquire intermediate goods from entrepreneurs and transform
them into differentiated retail goods. The marginal costs of these firms will be equal
to the price of the intermediate goods. The market in which these firms operate
exhibits monopolistic competition, where each firm faces a downward sloping demand
function. We assume nominal rigidities in the form of an exogenous probability to
change prices in each period, following Calvo (1983). Firms will choose prices,
whenever they can adjust them, to maximize the discounted sum of profits given by:
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marginal benefits of savings to the corresponding marginal costs. Supply of labor is
characterized by equation (6.12), where W H

t /Pt denotes real wages. In a competitive
labor market, the marginal rate of substitution equals the real wage. Domestic agents
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6.2.2 Entrepreneurs
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where the discount factor satisfies 0 ≤ ϱ < β , making entrepreneurs relatively more
impatient than households. This assumption guarantees a binding credit constraint
in the steady state.2 Their consumption basket composition is similar to that of the
unconstrained household. Their flow of funds is given by:
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where MCt stands for the real marginal cost of production, hE is the housing capital
in possession of entrepreneurs which is used as a production factor and serves as
collateral for credit, andW E and LE are both the nominal wage paid to workers and the
labor demand. Entrepreneurs will demand credit from households, which we denote
by BE . The technology for the intermediate good Y int

t involves the use of both housing
and labor:

Y int
t (z) = At (h

E
t−1)

ν (Lt (z))
1−ν . (6.18)

2 This is a simplifying assumption. We acknowledge that a more precise approach dictates the use of a
global solution method with an explicit occasionally binding constraint to capture the precautionary
motive of the constrained agents. We leave this extension for future research.
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Firms take as given the real wage Wt/Pt to households, and choose the demand of
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where Λt+k = βkUcH ,t+k/UcH ,t is the stochastic discount factor of the patient
household, MCH

t+k = MCt+kPt+k/P
H
t+k is the real marginal cost expressed in units

of goods produced domestically, and

YH
t,t+k (z) =



PH ,o
t (z)

PHt+k



−ε

YH
t+k .

is the quantity of good z demanded in t + k when the price has been fixed in period t .
Each firm z chooses PH ,o

t (z) to maximize (6.23), from the first order condition:
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where µ ≡ ε/(ε − 1) and FHt,t+k ≡ PHt /P
H
t+k .

The rate of inflation for domestically produced goods, πH
t , satisfies:

θH (1 + πH
t )ε−1 = 1 − (1 − θH )

(
V N
t

V D
t

)1−ε
. (6.25)

Here V D
t and V N

t are recursive auxiliary variables constructed following Benigno and
Woodford (2005). A similar approach is followed for the construction of the Phillips
curves for imported and exported goods:

θX (1 + πX
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, (6.26)
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�

1−ε

, (6.27)

where θX and θM determine the degree of price stickiness in the exported and imported
goods retail sectors, respectively.

The real marginal costs of the goods produced for exports is given by:

MCX
t =

PtMCt

StP
X
t
=

MCt

RERt
(
PXt /P

∗
t

) , (6.28)

which depends inversely on the real exchange rate (RERt = StP
∗
t /Pt ) and the relative

price of exports to external prices (PXt /P
∗
t ). Similarly, the real marginal cost for the
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importers is given by the cost of purchasing the goods abroad (StP∗t ) relative to the
price of imports (PMt ):

MCM
t =

StP
∗
t

PMt
. (6.29)

6.2.4 Foreign economy

The foreign economy is comprised of unconstrained households. Their consumption
basket is similar to that of the domestic economy, and is given by:

C∗t ≡
[(
γ F
)1/εF (

CX
t

) εF −1
εF +

(
1 − γ F

)1/εF (
CF
t

) εF −1
εF

] εF
εF −1

, (6.30)

where εF is the elasticity of substitution between domestic (CX
t ) and foreign goods

(CF
t ), respectively, and γ F is the share of domestically produced goods in the

consumption basket of the foreign economy. Also, CX
t and CF

t are indices of
consumption across the contina of differentiated goods produced, similar to CH

t and
CM
t defined in equations (6.4). The demands for each type of good are given by:

CX
t (z) =

1
n
γ F
(
PXt (z)

PXt

)−ε (
PXt
P∗t

)−εH
C∗t , (6.31)

CF
t (z) =

1
1 − n

(
1 − γ F

) (P Ft (z)

P Ft

)−ε (
P Ft
P∗t

)−εH
C∗t , (6.32)

where PXt and P Ft correspond to the price indices of exports and the goods produced
abroad, respectively, and P∗t is the consumer price index of the foreign economy:

P∗t ≡
[
γ F
(
PXt
)1−εF

+ (1 − γ F )
(
P Ft
)1−εF ] 1

1−εF
. (6.33)

As the economy becomes more open, the fraction of imported goods in the
consumption basket of domestic households increases, whereas as the economy
becomes larger, this fraction falls. This parametrization allows us to obtain the small
open economy as the limiting case of a two-country economy model when the size
of the domestic economy approaches zero, n → 0. In this case, we obtain γH → γ
and γ F → 0. Therefore, in the limiting case, the foreign economy does not use any
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home-produced intermediate goods for the production of foreign final goods, and the
demand condition for domestic goods can be written as follows:

YH
t = γ

(
PHt
Pt

)−εH
Ct , (6.34)

Mt = (1 − γ )
(
PMt
Pt

)−εH
Ct , (6.35)

Xt = (1 − γ ∗)
(
PXt
P∗t

)−εF
C∗t . (6.36)

Thus, given the small open economy assumption, the consumer price index for the
home and foreign economy can be expressed in the following way:

Pt ≡
[
γ
(
PHt
)1−εH

+ (1 − γ )
(
PMt
)1−εH ] 1

1−εH and P∗t = P Ft . (6.37)

6.2.5 Monetary and macroprudential policies

The central bank implements monetary policy by setting the nominal interest rate
according to a Taylor-type feedback rule that depends on the consumption basket
inflation and the output gap. We add an extra term linked to deviations of the asset
price Qt . This interest rate rule is given by:

it = ρiit−1 + (1 − ρi )
(
φππt + φyyt + φQqt

)
+ εMON

t , (6.38)

where φπ > 1, variables written in lower cases represent deviations of their steady-
state levels and εMON

t is a random monetary policy shock. We are interested in
studying how the presence of shocks in credit conditions affects the reaction of the
central bank.

Additionally, we introduce LTV rules to investigate if it is easier to stabilize the
economy through the use of a separate instrument. Although the regulatory agency can
impose these rules, a stochastic element will remain in the financial conditions. The
LTV rule will be given by:

ζt − ζ = ρζ (ζt−1 − ζ ) + (1 − ρζ )
(
φqqt + φBb

E
t + φYyt + φqeEt {qt+1}

)
+ ε

ζ
t , (6.39)

and encompasses four different policies: (1) reaction to current value of asset prices,
(2) reaction to the level of debt, (3) reaction to the business cycle and (4) reaction to
expected value of asset prices.
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6.2.6 Market clearing

Domestic output is given by:

P
def
t Yt = PHt Y

H
t + StP

X
t Y

X
t , (6.40)

where Yt is the GDP and P
def
t is its deflator. From equations (6.34) and (6.35) and the

definition of the consumer price index, equation (6.40) becomes:

P
def
t Yt = PtCt + StP

X
t Y

X
t − PMt YM

t , (6.41)

where cEt + c
H
t = Ct . We have assumed that both types of agents in the economy share

the same preferences over home and imported consumption goods.

To identify the GDP in this economy,Yt , it is necessary to define the GDP deflactor,
P
def
t , which is the weighted sum of the consumer, export and import price indices:

P
def
t = ϕCPt + ϕXStP

X
t − ϕMPMt , (6.42)

where ϕC ,ϕX and ϕM are steady state values of the ratios of consumption, exports
and imports to GDP, respectively. The demand for intermediate goods is obtained by
aggregating the production for home consumption and exports:

Y int
t (z) = YH

t (z) + YX
t (z) =

(
PHt (z)

PHt

)−ε
YH
t +

(
PXt (z)

PXt

)−ε
YX
t . (6.43)

Aggregating (6.43) with respect to z, we obtain:

Y int
t =

1
m

∫ m

0
Y int
t (z) dz = ∆H

t Y
H
t + ∆

X
t Y

X
t , (6.44)

where ∆H
t =

1
m

∫ m
0

(
PHt (z)/PHt

)−ε
dz and ∆X

t =
1
m

∫ m
0

(
PXt (z)/PXt

)−ε
dz represent

the relative price dispersion of each type of good. Here, m stands for the number of
retail firms selling the same variety of goods. Up to a first order approximation, the
dispersion variables have no impact on the dynamics of the model.

Similarly, the aggregate demand for labor is:

LEt = (1 − ν ) MCt

Wt/Pt

(
∆H
t Y

H
t + ∆

X
t Y

X
t

)
, (6.45)
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where market clearing for labor yields LEt = LHt . Finally, we assume a fixed housing
supply, yielding hEt + h

H
t = H̄ .

After aggregating the household’s budget constraints, the firm’s profits and
including the equilibrium condition in the financial market that equates household
wealth with the stock of foreign bonds (B∗t ) expressed in domestic prices, we obtain
the aggregate resources constraint of the home economy:

−
{
StB

∗
t

Pt
−
St−1B

∗
t−1

Pt−1

}
=

P
def
t

Pt
Yt −Ct −




(
1 + i∗t−1

)

Πt

St
St−1

− 1



St−1B
∗
t−1

Pt−1
. (6.46)

Equation (6.46) corresponds to the current account of the home economy. Since
entrepreneurs can only access domestic bonds, this instrument is in zero net supply,
BHt + BEt = 0. The left hand side is the change in net asset position in terms of
consumption units. The right hand side is the trade balance, the difference between
GDP and consumption which is equal to net exports and the investment income.

6.3 Simulations and results

6.3.1 Calibration

Table 6.1 shows the value for the model parameters.

Most of the housing market parameters are taken from Iacoviello (2005), given the
scarcity of studies on housing markets in Peru. On the other hand, this choice facilitates
the comparison of our results with the closed economy setup.3 The time preference
parameters for the patient households and relatively impatient entrepreneurs are set
for 0.99 and 0.98, respectively.4

The housing preference parameter j is taken to match the ratio for personal
residential housing to quarterly GDP, which is 0.1 for our case. We also provide results
after setting j = 0, as a way to exclude wealth effects on housing prices. Regarding
the steady-state loan-to-value ratio ζ , set it at 0.89, which means that in our economy

3 It is important to remind the reader that we do not need a strict definition of collateralized debt, since
what the LTV parameter measures is the willingness of banks to provide credit to entrepreneurs as a
function of their outstanding capital wealth. This fact makes the choice of a parameter harder for the
Peruvian case and for this reason we emphasize robustness exercises to the value of this parameter.

4 Iacoviello (2005) uses 0.95 for the impatient household, based on estimates of discount factors for poor
or young households in the US (Samwick, 2003).
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the standard downpayment is 11% of the value of a house, although we provide results
using different values for this parameter.

Since our goal is to parameterize the model for the Peruvian economy, the rest of
the parameters are values typically used in this literature for the Peruvian economy. In
particular, we borrow from Castillo et al. (2009). Finally, the standard deviations of all
the shocks are set to one percent and the persistence parameters to 0.9.

Table 6.1 Baseline calibration

Parameter Value Description

β 0.99 Households’ pure time-preference parameter
ϱ 0.98 Entrepreneurs’ pure time-preference parameter
ζ 0.89 Steady state LTV ratio
η 1.01 Labor supply elasticity
ν 0.03 Housing share in production
j 0.10 Preference for housing in household’s utility function
θ 0.01 Foreign interest rate premium
γ 0.60 Share of domestic tradables in domestic consumption
ε 1.50 Elasticity of substitution between home and foreign goods
εX 1.50 Elasticity of substitution between exports and foreign goods
θH 0.55 Domestic goods price rigidity
θM 0.75 Imported goods price rigidity
θX 0.25 Exported goods price rigidity
φπ 1.50 Taylor rule reaction to inflation deviations
ρy∗ 0.50 Foreign aggregate demand shock persistence
ρπ ∗ 0.50 Foreign inflation shock persistence
ρi∗ 0.50 Foreign interest rate shock persistence
ρa 0.50 Domestic productivity persistence parameter
ρζ 0.90 LTV shock persistence parameter

he/hh 1.00 Relative holding of housing
ϕC 1.00 Steady state consumption over aggregate demand ratio
ϕϖ −0.01 Net asset position over GDP ratio

Source: Author’s own calculations.

6.3.2 Model dynamics

Figures 6.1 and 6.2 show the impulse response functions of the main variables of
the model to a productivity shock and an LTV shock, respectively. The figures show
responses compared to the reaction of the closed economy.
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where market clearing for labor yields LEt = LHt . Finally, we assume a fixed housing
supply, yielding hEt + h

H
t = H̄ .

After aggregating the household’s budget constraints, the firm’s profits and
including the equilibrium condition in the financial market that equates household
wealth with the stock of foreign bonds (B∗t ) expressed in domestic prices, we obtain
the aggregate resources constraint of the home economy:
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. (6.46)

Equation (6.46) corresponds to the current account of the home economy. Since
entrepreneurs can only access domestic bonds, this instrument is in zero net supply,
BHt + BEt = 0. The left hand side is the change in net asset position in terms of
consumption units. The right hand side is the trade balance, the difference between
GDP and consumption which is equal to net exports and the investment income.

6.3 Simulations and results

6.3.1 Calibration

Table 6.1 shows the value for the model parameters.

Most of the housing market parameters are taken from Iacoviello (2005), given the
scarcity of studies on housing markets in Peru. On the other hand, this choice facilitates
the comparison of our results with the closed economy setup.3 The time preference
parameters for the patient households and relatively impatient entrepreneurs are set
for 0.99 and 0.98, respectively.4

The housing preference parameter j is taken to match the ratio for personal
residential housing to quarterly GDP, which is 0.1 for our case. We also provide results
after setting j = 0, as a way to exclude wealth effects on housing prices. Regarding
the steady-state loan-to-value ratio ζ , set it at 0.89, which means that in our economy

3 It is important to remind the reader that we do not need a strict definition of collateralized debt, since
what the LTV parameter measures is the willingness of banks to provide credit to entrepreneurs as a
function of their outstanding capital wealth. This fact makes the choice of a parameter harder for the
Peruvian case and for this reason we emphasize robustness exercises to the value of this parameter.

4 Iacoviello (2005) uses 0.95 for the impatient household, based on estimates of discount factors for poor
or young households in the US (Samwick, 2003).
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the standard downpayment is 11% of the value of a house, although we provide results
using different values for this parameter.

Since our goal is to parameterize the model for the Peruvian economy, the rest of
the parameters are values typically used in this literature for the Peruvian economy. In
particular, we borrow from Castillo et al. (2009). Finally, the standard deviations of all
the shocks are set to one percent and the persistence parameters to 0.9.

Table 6.1 Baseline calibration

Parameter Value Description

β 0.99 Households’ pure time-preference parameter
ϱ 0.98 Entrepreneurs’ pure time-preference parameter
ζ 0.89 Steady state LTV ratio
η 1.01 Labor supply elasticity
ν 0.03 Housing share in production
j 0.10 Preference for housing in household’s utility function
θ 0.01 Foreign interest rate premium
γ 0.60 Share of domestic tradables in domestic consumption
ε 1.50 Elasticity of substitution between home and foreign goods
εX 1.50 Elasticity of substitution between exports and foreign goods
θH 0.55 Domestic goods price rigidity
θM 0.75 Imported goods price rigidity
θX 0.25 Exported goods price rigidity
φπ 1.50 Taylor rule reaction to inflation deviations
ρy∗ 0.50 Foreign aggregate demand shock persistence
ρπ ∗ 0.50 Foreign inflation shock persistence
ρi∗ 0.50 Foreign interest rate shock persistence
ρa 0.50 Domestic productivity persistence parameter
ρζ 0.90 LTV shock persistence parameter

he/hh 1.00 Relative holding of housing
ϕC 1.00 Steady state consumption over aggregate demand ratio
ϕϖ −0.01 Net asset position over GDP ratio

Source: Author’s own calculations.

6.3.2 Model dynamics

Figures 6.1 and 6.2 show the impulse response functions of the main variables of
the model to a productivity shock and an LTV shock, respectively. The figures show
responses compared to the reaction of the closed economy.
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It is important to note that the economy reacts in a similar fashion, so the main
prediction obtained in the closed economy model prevails. Hence, a productivity
shock generates an increase in house prices (as they are used as a production
factor) and a higher share of the houses (or land) in the hands of the entrepreneurs.
Accordingly, their debt rises, as they can use their real state as collateral. The reaction
of prices is expected, as the marginal cost of production falls. Note that there is a
misallocation effect generated by the presence of credit constraints. Specifically, there
is an asymmetry between the demand of factors as capital has an additional use. From
equation (6.22), housing capital demand depends on its marginal productivity and its
capacity to relax the entrepreneurs’ borrowing constraint. The latter effect is influenced
by credit conditions (ζt ) and the wedge between the entrepreneur and the households
discount factors, which is a function of the entrepreneurs’ consumption growth and the
domestic interest rate.

In summary, entrepreneurs will use more housing in the production of intermediate
goods when (i) they are relatively more impatient (larger wedge between the interest
rate and their stochastic discount factor) and (ii) housing capital can be used to
raise more debt (higher LTV ratio). These two elements are interdependent: a
higher equilibrium LTV ratio ceteris paribus allows more consumption smoothing
in entrepreneurs and, consequently, lowers the volatility in their stochastic discount
factor; a higher equilibrium LTV ratio amplifies the variations in asset prices by
relaxing the credit constraints.

In the case of a positive productivity shock (Figure 6.1), as entrepreneurs become
wealthier, their degree of impatience declines, dampening the effect in housing demand
stemming from the shock. As in the standard model, the shock lowers marginal costs.
This effect, however, is reinforced since entrepreneurs can produce with a mix of
factors closer to the efficient one, as they become less impatient and the collateral
motive becomes less relevant (a phenomenon reflected in a decreasing value of the
Lagrange multiplier associated with the credit constraint). The decrease in the marginal
cost translates into lower inflation, prompting a reaction from the central bank in the
form of a cut in interest rates. This further facilitates access to credit, reinforcing
the effect of the initial shock in credit conditions. Finally, households substitute their
consumption of houses for more consumption, as the substitution effect kicks in.5

5 In our setup, the number of housing units is fixed and households are not credit constrained. In the
literature we can find attempts to introduce investment and production of housing, as well as credit
constrained households. We will follow this path in future versions of the present work.
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Thus, under this setup the informally accepted narrative that cheap rates entice
entrepreneurs to take on more debt and generate an increase in asset prices, is present.
This is the mechanism through which we obtain an ‘amplification effect’.

A LTV shock, which we understand as more restrictive conditions for borrowing,
has a negative effect on economic activity. Figure 6.2 shows how house prices drop and
the economic activity follows through. Entrepreneurs are more constrained, reducing
their production. The drop in supply triggers an increase in prices, supported by
increased misallocation, to which the central bank reacts by making credit more
expensive, further deteriorating credit conditions. The real exchange rate suffers an
appreciation through non-tradable prices inflation, produced by higher marginal costs.

6.3.3 Policy exercises

We now present the dynamics of the model under different LTV rules. Figures 6.3
to 6.6 compare two different intervention rules with the baseline scenario. We first
consider a debt-based rule:

ζt − ζ̄ = ρζ (ζt−1 − ζ̄ ) + (1 − ρζ )φBbEt + ε
ζ
t , (Debt-based rule)

where φB < 0, and a rule that is a function of the value of assets:

ζt − ζ̄ = ρζ (ζt−1 − ζ̄ ) + (1 − ρζ )φqqt + εζt . (Asset-based rule)

where also φq < 0.

The analysis of the impulse responses reveals that both rules help in moderating
the fluctuations generated by the shocks. The debt-based rule seems to generate the
greatest impact on dampening the effects of productivity, LTV and monetary policy
shocks, even though it introduces extra persistence in the form of a longer path back
to the steady state of the economy.

Figures 6.7 to 6.10 compare the debt-based rule, our preferred one from the first
exercise, with a purely countercyclical rule of the form:

ζt − ζ̄ = ρζ (ζt−1 − ζ̄ ) + (1 − ρζ )φYyt + εζt , (Countercyclical rule)

where φy < 0. This is a purely countercyclical rule, in the sense that we react to the
position of the economy in the business cycle.
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We have several results from this set of figures. First, that the monetary policy
rule, where the central bank uses an interest rate rule that reacts to the price of assets,
generates more volatility than using the LTV rules. Clearly, monetary policy faces
a trade-off, and an increase in the interest rates to stabilize asset prices generates
effects on the “real-side” of the economy. The second conclusion is that the debt-rule
continues to appear more favorable in terms of the stabilization of the economy.

In order to obtain a metric related to these results, we define a loss function for the
central bank:

L = (πt )
2 + (1/θl ) (yt )2

where the parameter θl measures the relative importance the central bank gives
to inflation over output stabilization. We set this parameter at 6 for the following
exercises.

The first exercise is to compare how much the central bank can gain by reacting
to asset prices through an augmented Taylor rule. For this purpose, we use the optimal
simple rule command in Dynare to compute the parameters that minimize the loss
function specified above. Our findings are reported in Figure 6.11 for different levels
of the steady state LTV (ζ ). We report the percentage reduction in the minimal loss for
using a Taylor type policy rule that includes housing prices. We observe that the gains
range from 0.7 to 6.2 percent.

Alternatively, we endow the central bank with LTV rules, as in equation (6.39).
For each type of rule, we search for the parameters of both the Taylor rule and LTV
rule which minimize the central bank’s loss function. We report the relative gain of
using a macroprudential tool in comparison to the cases in which only a standard or
augmented Taylor rule is implemented. Our results, displayed in Figure 6.12, show
that in all four cases substantial gains are obtained from using an LTV rule, ranging
from 35 to 42 percent of the loss associated with using a Taylor type rule.

This result supports the view that the central bank should use a separate tool to
react to asset prices, as the gains from reacting with the monetary policy tool pale in
comparison to the ones derived from using an alternative instrument. In this model,
there are two reasons why the central bank would like to react to asset prices. First, we
have introduced a financial conditions shock, which constitutes a source of instability.
The presence of this type of shock is in line with the definition of financial (in)stability
in Schinasi (2004), who stresses that the shocks emanating from the financial system
are capable of greatly affecting the economy as a whole. The second motive is related
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to a pecuniary externality. When households face a negative income shock and lower
their demand from housing services, they do not take into account the effect this has on
tightening the borrowing constraints of entrepreneurs and, consequently, their wages.
In this case the macroprudential instrument can serve as a mechanism to offset the
effect of these externalities, as it may relax credit constraints when the economy is hit
by negative shocks.

6.4 Conclusions

We present a new Keynesian open economy model that includes a housing market
and credit constraints, in line with Iacoviello (2005). This setup allows us to study the
effects of changes in credit conditions, represented by the share of capital that agents
can use as collateral for loans, in the business cycle.

First, we show that, in general, the results of introducing credit constraints in
a closed economy model remain valid for the open economy case. Then, we use
the model to study the effects of easing credit conditions in a small open economy.
This shock generates downward pressure on inflation, higher housing prices, GDP
expansion and real exchange rate depreciation, consistent with lower prices for
the non-tradable goods sector. Additionally, we analyze how the presence of credit
constrained firms affect optimal monetary policy rules. In particular, we find that in the
presence of shocks to credit conditions and the aforementioned pecuniary externalities,
the central bank obtains relatively small gains for reacting to fluctuations in asset
prices.

In contrast, the use of a different instrument that reacts to financial conditions can
provide significant gains in stabilizing the economy. Although all of the instruments
presented in our exercises help with stabilizing the economy, a LTV rule that reacts to
deviations of debt from its stationary value is the preferred one. These results support
the argument for using a different instrument for macroprudential purposes instead of
relying on the central bank’s reference rate.
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Figure 6.11 Percentage gain relative to benchmark monetary policy loss
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Notes: The chart shows the percentage reduction in the minimal loss of the central bank for a Taylor-type
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7
De-dollarization and financial robustness

Rocío Gondo and Fabrizio Orrego∗

We evaluate the implications of financial de-dollarization on the strength
of balance sheet effects in a small open economy following an
unanticipated shock to the foreign risk-free interest rate. In particular, we
extend the Cespedes, Chang and Velasco (2004) open economy model by
allowing entrepreneurs to borrow in both foreign and domestic currency
so as to finance firms’ capital needs. A real depreciation reduces the value
of firms’ net worth whenever there is a currency mismatch in their balance
sheets. Under flexible exchange rates, a low degree of dollarization lessens
the negative impact on output and investment, since there is a small
increase in the cost of external borrowing. The quantitative results show
that the model is able to account for about 80 percent of the output and
investment drops, and 60 percent of the real exchange rate depreciation in
Peru following the Russian Crisis. Moreover, de-dollarization would have
moderated the decline in output growth by 0.7 percent.
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