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Introduction

Motivation

e Empirical evidence shows foreign shocks are important for small open economies.
@ The 2000s were years of almost unparalleled economic growth for the Peruvian economy.
e What role did the the foreign shocks have?
@ In the same period, the Central Bank adopted an inflation targeting regime, intervened in the FX market and
started a de-dollarization program.
o The benefits of the inflation targeting regime have been widely studied.
e What role had the FX interventions and the de-dollarization in the Peruvian economy?
@ We develop a dynamic stochastic general equilibrium model for an small open economy that includes a commodity
producing sector, financial dollarization, FX interventions and non-Ricardian households.
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Model

Model

o Castillo, Montoro and Tuesta (2009): MEGA-D

New Keynesian Small Open Economy model.

Financial accelerator mechanism (Bernanke, Gertler and Gilchrist 1999).
Financial and price dollarization.

Interest rate is the only monetary policy tool.

@ Castillo, Florian and Toma: MEGA-ACDF

e FX interventions as an additional tool for the Central Bank with the objective to reduce the volatility of the exchange

rate.
e A commodity producing firm that serves as the vehicle through which commodity prices fluctuations impact the rest of

the model economy. Investment in this sector presents adjustment costs and time to build.
o Non-Ricardian households to control for the fact that in emerging economies many households do not have access to

financial services.
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Figure: Model Scheme
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Model

Financial Dollarization

o We define drp as the part of the interests the entrepeneurs must pay that is indexed to the foreign
interest rate.

@ This is equivalent to saying entrepeneurs have debt in both domestic currency and dollars.

e With financial dollarization the arbitrage condition that determines the demand of (non-commaodity sector related)
stock of capital is

1-6 St+1 i Pt
Ee [REL| = B L+ il ™ |(1+ 7)) , (1)
St Pei1

where E; [Rtﬁl] is the return entrepeneurs expect to obtain for investing, i; is the nominal interest rate of the
home economy, i is the foreign interest rate and P; is the aggregate price level.
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Endogenous Commodity Sector

@ The production function is
th = ZtCFC (Ktc—l) ) (2)

where Y, is the commodity production, Z is the sector specific productivity, KE is the specific capital this firm
uses and F¢ (.) is the production function.

@ The productivity is modelled as
Z8 = pzeZEy + YPE 1L, (3)

where PE are the commodity prices.

o For obtaining one new unit of investment, the firm must spend in investment projects X for n periods. This is
the time to build mechanism and is represented by

n—1
INVE =3 " wiXS ), (4)
j=0

where w; = 1/n.
e Commodity sector investment demands local and foreign goods.
o Commodity sector investment responds to commodity prices as well.

@ The accumulation of the sector specific stock of capital is

KtC = (1 - 5C) Ktc—l + [1 - (Xtc;n—f—l)} Xtc—n+17 (5)

where d¢ is the sector specific capital depreciation rate and ®(.) is a capital adjustment cost function.
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Model

FX Interventions

@ We assume the FX interventions are sterilized. In the case of a nominal appreciation, this means the monetary

authority issues ADSE units of Central Bank-backed bonds denominated in domestic currency in an amount equal
to StAFtCB.

Thus the amount of bonds in the economy does not change and the intervention only represents a recomposition
of the bond holdings of the economy.

The balance sheet of the Central Bank is

CB . cBSt-1 CB cB : cB
SR (U i) e (SR ) SiFSE = DE - (1) O, ©)
where F B are the international reserves denominated in dollars and Wg (.) is the cost the Central Bank assumes
for handling foreign assets. We have Wz (.) > 0. We also assume the international reserves earn an interest rate
equal to the foreign interest rate, while the Central Bank-backed bonds denominated in domestic currency DB
earn an interest rate equal to the domestic one.

For the local investor, DSB are imperfect substitutes with the private bonds in domestic currency.

The reaction function is

* *, P — 1-p
Ft7CB _ ,_—t_gB TS - S\ T § INT 7
F+xCB — \ FxCB S t ( )

%) is the variation of the nominal exchange rate (also known as the depreciation rate), ¢f

where (

represents the magnitude of the reaction of the Central Bank upon nominal exchange rate variations,
pF is a persistence parameter for the international reserves and INT; is an AR(1) process associated to the
international reserves accumulation shock.
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FX Interventions: Transmision Mechanism

o We take a look at the log-linearized UIP equation.

iv = i + (vabi + e ") + Ecisii (8)

e For instance, upon a foreign interest rate shock, what would have to happen if we want to keep the nominal
exchange rate constant?

ie =1 if + (vebi + vt P) + Ebsin

@ The way the FX intervention works is by lowering the international reserves.

ie =1 i + (vebi + e 4 £°P) + EeBscn

@ However, private agents may react through 1} by and undo what the Central Bank did.
e The model is calibrated in such a way that the effect of the FX intervention dominates.
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Preliminary Results

@ Preliminary results:
© Bayesian Estimation
@ Forecast Error Variance Decomposition
© Theoretical Moments
@ Counterfactual Exercise: FX Intervention
@ Counterfactual Exercise: Financial Dollarization
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Preliminary Results

Estimation

@ We estimate the linear version of model for the Peruvian economy during the inflation targeting (IT) period.
o We use 14 quarterly series from 2002Q1 to 2017Q4.
@ All the variables are expressed in real terms and in levels.

Table: Observed Variables

Variable Description
Y obs GDP
Cobs Private Consumption

INVtTOT’Obs Private Total Investment

Gobs Public Expenditure
YtX TOT 0bs Total Exports
yMTOT obs Total Imports
RER?bs Real Exchange Rate
iobs Nominal Interest Rate
nobs Inflation Rate (without food and energy)
Yt*’Obs Trade-Weighted Foreign GDP
jobs 3-Month LIBOR Rate
wf’Obs Trade-Weighted Foreign Inflation Rate
y S oobs Commodity Production
pEebs Metal Price Index
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Preliminary Results

Estimation

o Measurement equations for variables in levels X2Ps:

XtObS = Xt + XtTRv (9)
XtTR = XttRl + XtG, (10)
xZ =x7 +ef, (11)

where x; is the model based gap, xR is the trend, xC is the trend growth rate and €5 ~ N(0,1).

@ Measurement equations for variables in rates:

X = x; + % (12)

where x; is the model based rate and X is the mean.
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Preliminary Results

Forecast Error Variance Decomposition

Figure: Forecast Error Variance Decomposition
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Preliminary Results

Theoretical Moments

Table: Theoretical Moments

Correlations with GDP

Std. Dev. Ratio (GDP)

Observed Model Observed Model
y 1.0 1.0 1.0 1.0
0.8 0.8 1.1 0.8
invtot 0.9 0.4 5.1 2.3
yx 0.1 0.9 2.2 1.7
y" 0.9 0.5 3.8 1.2
Correlations with Inflation Rate Std. Dev. Ratio (Inflation Rate)
Observed Model Observed Model
T 1.0 1.0 1.0 1.0
4 xi 0.4 0.7 2.8 4.0
As 0.3 0.1 6.0 4.5
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Preliminary Results

FX Intervention

Figure: Impulse Response Functions, Metal Price Index Shock (1)
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Preliminary Results

FX Intervention

Figure: Impulse Response Functions, Metal Price Index Shock (2)
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Preliminary Results

FX Intervention

Table: Theoretical Moments, Standard Deviations

Alternative Model Baseline Model
(¢rx = 0) (Prx = 8)

y 0.019 0.019
0.016 0.014

invtot 0.051 0.043
y* 0.031 0.032
ym 0.026 0.022
7T 0.006 0.005
4xi 0.026 0.022
As 0.035 0.024
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Preliminary Results

Counterfactual Exercise: FX Intervention

@ Based on the estimated model:

We feed model with observed variables for the whole sample.

We filter the evolution of all of the model variables.

We obtain the filtered shocks conditional on the model and the data.

We set our initial point at 2002Q1 and perform several forecasting exercises conditional on the actual realized shocks
from the complete sample.

o One scenario is that of no FX intervention (¢rx = 0).
o Other case is baseline scenario (¢rx = 8).
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Figure: Counterfactual Exercise (1)
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Figure: Counterfactual Exercise (3)
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Preliminary Results

Financial Dollarization

Figure: Impulse Response Functions, Foreign Interest Rate Shock
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Preliminary Results

Financial Dollarization

Table: Theoretical Moments, Standard Deviations

Alternative Model Baseline Model
(6 = 0.90) (6 = 0.53)

y 0.019 0.019
0.015 0.014

invtot 0.051 0.043
% 0.032 0.032
ym 0.022 0.022
7T 0.006 0.005
4xi 0.022 0.022
As 0.024 0.024
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Preliminary Results

Counterfactual Exercise: Financial Dollarization

@ We analyze the effects of having a higher financial dollarization.

o One scenario is that of high financial dollarization (6 = 0.90).
o Other case is baseline scenario (¢ = 0.53).



Figure: Counterfactual Exercise (1)
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Figure: Counterfactual Exercise (2)
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Figure: Counterfactual Exercise (3)
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Preliminary Conclusions

Preliminary Conclusions

@ For the Peruvian economy, the commodity price index has a main role on explaining the dynamics of the
macroeconomic variables.
o Counterfactual exercises show:

o FX interventions reduce the volatility of the economy variables.
o Lower financial dollarization levels have the same effect.
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Preliminary Conclusions
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Appendix

Assessing the Efectiveness of the FX Intervention with No Dollarization

Counterfactual Exercise: FX Intervention with No Dollarization

o We analyze the effects of having FX interventions with zero financial dollarization.

o One scenario is that of FX interventions and zero financial dollarization (¢rx = 8,0¢ = 0).
o Other scenario is that of no FX interventions and zero financial dollarization (¢rx = 0, = 0).
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Assessing the Efectiveness of the FX Intervention with No Dollarization

Counterfactual Exercise: FX Intervention with No Dollarization

Figure: Counterfactual Exercise (1)
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Appendix
Assessing the Efectiveness of the FX Intervention with No Dollarization

Counterfactual Exercise: FX Intervention with No Dollarization

Figure: Counterfactual Exercise (2)
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Assessing the Efectiveness of the FX Intervention with No Dollarization

Counterfactual Exercise: FX Intervention with No Dollarization

Figure: Counterfactual Exercise (3)
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Transmision Mechanisms

Transmision Mechanisms

Figure: Commodity Price Shock Mechanism
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Transmision Mechanisms

Transmision Mechanisms

Figure: Foreign Interest Rate Shock Mechanism
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Transmision Mechanisms

Transmision Mechanisms

Figure: Interest Rate Shock Mechanism
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Appendix
Data

Metal Price Index

@ This index is built taking into account the main 8 metals exported by the Peruvian economy: copper, gold, iron,
lead, molybdenum, silver, tin and zinc.

@ Multiply each price of the metal exports by the United States deflator, to convert the units from current dollars to
constant dollars.
Find the weights of the dollar exports of metal in the total amount of the 8-metal dollar export basket in each period.
Take the 1994-2013 sample average of each weight to have an index with constant weights.3
Find the 1-quarter growth rate for each of the metal price indices.
Find the weighted metal price index 1-quarter growth rate using the individual weights and individual price indices.
Set a metal price index with value of 100 in the first period considered in the sample.
Recover the rest of the metal price index series using the growth rate.

00000

3The years were chosen to match those used by Shousha (2016).
36 /58
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Appendix
Estimation
Estimation
Table: Estimated Parameters, Priors (1)

Description Distribution Prior Mean Prior Std. Posterior

Dev. Mode

h Habit Formation Beta 0.75 0.05 0.8741

n Inverse of Labor Supply Elasticity Inverse Gamma 2 0.5 1.2215

EH Non-Commodity Elasticity of Substitution, Normal 0.75 0.2 1.1205

Domestic and Imported Goods

VK Non-Commodity Capital Adjustment Cost Normal 33 0.1 3.2649

Opc Calvo Probability, Domestic Currency Beta 0.75 0.05 0.7661

0x Calvo Probability, Exported Goods Beta 0.75 0.05 0.6642

Om Calvo Probability, Imported Goods Beta 0.75 0.05 0.7549

K¢ Commodity Investment Adjustment Cost Normal 0.5 0.1 0.6379
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Appendix
Estimation
Estimation
Table: Estimated Parameters, Priors (2)
Description Distribution Prior Mean Prior Std. Posterior
Dev. Mode
PPREF Preference Shock Persistence Beta 05 0.3 0.6071
Pz Technology Shock Persistence Beta 05 0.3 0.4086
PMON Interest Rate Shock Persistence Beta 05 03 0.3433
PMUP Domestic Mark-Up Shock Persistence Beta 05 03 0.5238
puIP UIP Condition Shock Persistence Beta 0.5 0.3 0.9220
PDP Inflation Shock Persistence Beta 0.5 0.3 0.7034
PINV Non-Commodity Private Investment Shock Beta 05 03 0.6280
Persistence
pzc Commodity Sector Technology Shock Beta 05 0.3 0.4264
Persistence
Pg Public Expenditure Persistence Beta 0.7888 0.01 0.7941
Py Foreign GDP Persistence Beta 0.8983 0.01 0.8856
Dix Foreign Interest Rate Persistence Beta 0.9817 0.01 0.9551
P Foreign Inflation Rate Persistence Beta 0.3651 0.01 0.3711
Pp Commodity Prices Persistence Beta 0.8339 0.01 0.8330
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Appendix
Estimation
Estimation
Table: Estimated Standard Deviations, Priors
Related Shock Distribution Prior Mean  Prior Std. Dev. Posterior Mode
O PREF Preferences Inverse Gamma 0.01 0.01 0.0036
oz Technology Inverse Gamma 0.01 0.01 0.0047
TMON Interest Rate Inverse Gamma 0.01 0.01 0.0014
omuUP Domestic Mark-Up Inverse Gamma 0.01 0.01 0.0132
oup UIP Condition Inverse Gamma 0.01 0.01 0.0042
omwv  Non-Commodity Private Investment Inverse Gamma 0.01 0.01 0.0090
0zc Commodity Sector Technology Inverse Gamma 0.01 0.01 0.0400
Og Public Expenditure Inverse Gamma 0.0276 0.01 0.0236
oy Foreign GDP Inverse Gamma 0.0092 0.01 0.0027
O Foreign Interest Rate Inverse Gamma 0.0056 0.01 0.0010
O Foreign Inflation Rate Inverse Gamma 0.0015 0.01 0.0114
Op= Commodity Prices Inverse Gamma 0.1143 0.01 0.0549

39/58



Commodity Prices, Financial Dollarization and FX Interventions in a Small Open Economy

Appendix
Estimation

Estimation

Table: Measurement Equations Estimated Standard Deviations

Distribution Prior Mean Prior Std. Posterior

Dev. Mode
oyes  Inverse Gamma 0.01 0.01 0.0086
Oyxos  Inverse Gamma 0.01 0.01 0.0308
oymebs  Inverse Gamma 0.01 0.01 0.0310
Orerobs  Inverse Gamma 0.01 0.01 0.0012
Oy«obs  Inverse Gamma 0.01 0.01 0.0027
Ocobs  Inverse Gamma 0.01 0.01 0.0053
Ojnvors  Inverse Gamma 0.01 0.01 0.0220
Oq=obs  INverse Gamma 0.01 0.01 0.0010
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Appendix

Partial Dollarization

Price Dollarization

@ We assume a share 6°P

currency.

of the firms set their prices in dollars, while a share (1 — dpp) does so in domestic

@ The aggregate price level of goods produced in the home economy is

Pl = [(1 ~0rp) (PPC) "+ deo (sfPtD)l_j o (13)

where P! is the aggregate price level of goods produced in the home economy expressed in terms of the domestic
currency, PPC is the price level of goods produced in the home economy with prices set in domestic currency, PP
is the price level of goods produced in the home economy with prices set in dollars, S; is the nominal exchange
rate and ¢ is the elasticity of substitution.*

@ Having firms that set prices in different currencies also means there will be two different Philips Curves, one for
each currency.

*The nominal exchange rate is expressed as local currency for 1 dollar. This way, an increase in the nominal exchange rate means a local
currency depreciation with respect to the dollar, while a decrease in the nominal exchange rate means a local currency appreciation with
respect to the dollar.
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Partial Dollarization

Financial Dollarization

@ We define dgp as the part of the interests the entrepeneurs must pay that is indexed to the foreign interest rate.
@ This is equivalent to saying entrepeneurs have debt in both domestic currency and dollars.

e With financial dollarization the arbitrage condition that determines the demand of (non-commodity sector related)
stock of capital is

, (14)

St

Sti1 } o p,
Pii1

E. [Rﬁl} = E{[1+ i) 0 [(1+ i)

where E; [Rlﬁl} is the return entrepeneurs expect to obtain for investing, i; is the nominal interest rate of the
home economy, i/ is the foreign interest rate and P; is the aggregate price level.
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Endogenous Commodity Sector

For this extension we follow Fornero, Kirchner and Yany (2016).
We assume the existence of a commodity goods producing firm within the modelled small open economy.

This firm spends in sector specific investment goods to accumulate its own sector specific stock of capital. This
investment has domestic and foreign shares.

The accumulation of capital by this firm faces capital adjustment costs and time to build.

The firm produces its commodity goods using this specific type of capital and exports the total of its production.
Commodity producing firm does not require labor inputs to produce.

Firm sells its output to foreign sector, it has its accounting denominated in domestic currency.

We further assume that foreigners hold a share of the ownership of the firm equal to (1 — x).
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Endogenous Commodity Sector

@ The production function is
YtC = ZtCFC (Ktc—l) )

where Y, is the commodity production, Z is the sector-specific productivity, KS is the specific capital this firm
uses and F¢ (.) is the production function.

@ The cash flow of the firm is

CFE = PEYSE — PVEINVE,

where CFC is the cash flow expressed in dollars, PS is the international price of the produced commodity good
expressed in dollars, Pt’NVC is the price of the investment goods expressed in dollars and INV,C is the investment
of the firm.

o For obtaining one new unit of investment, the firm must spend in investment projects X, for n periods. This is
the time to build mechanism and is represented by

n—1
INVE = wiXS ),
j=0

where w; = 1/n.

@ The accumulation of the sector specific stock of capital is

KtC = (1 - 5C) Ktc—l + [1 - (Xtc—n—i-l)} XtC—n—l-l’

where d¢ is the sector specific capital depreciation rate and ® (.) is a capital adjustment cost function.
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Cash Flow Maximization

@ The first problem the commodity producing firm solves is the maximization of its cash flow by choosing optimal
levels of current stock of capital and investment. The problem is

=E

o0 [e e} c
o [z 9CFG| = B |30 5" (PEAYE, - P wvti,-)] ,
t Nt i=0 i=0

subject to

vE = FC(KEL),
KtC = (1 - 5C) KtC—1 + [1 -o (Xtc—n—i-l)} XtC—n—l-l’

n—1
INVE = " wiXS ),

j=0
where (3 is the discount rate.
@ The first order conditions are
oL IFC
e = 00 + 541 [ PEaAg Sic (KE) + (1= 00) QS | =0 (15)
t t
oL c e c ne X< C(XEN XE
aTtC = —5tPt{NV wp—...— ﬁtJr lpt{ﬁ‘,{,lwn—l + 6t+ IQtC+n,1 |:1 -0 <)<tc> - ¢ ()&.) )(tc:| — 07 (16)

where QF is the commodity sector Tobin’s Q expressed in dollars.
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Cash Flow Maximization

@ The two first order conditions determine the optimal paths for the investment projects and the commodity sector
Tobin’s Q.

o For the rest of the model we assume

FO (kD) = (KE0)™ (17)

XEN ke [(XE 2
°(xe) =% (e ) 1o

where ac is the parameter associated to the stock of capital within the commodity goods production function and
kc is the parameter related to the capital adjustment cost for the commodity producing sector.
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Commodity Sector Investment Bundle

@ The commodity sector investment is divided among investment on domestic goods INVtC’H and foreign goods
INVtC’F. The firm must choose the optimal composition of its investment bundle by solving the problem

il c—1 n c—1 7”’ch
INV INV My C 1
Y

max /NVtC =

1 .
C,H C.F (WC)W,,WC </NVtC7H) Tnve 4 (1 — 'YC)””VVC (/NVtc’F> My C
INVE INV T INVS

subject to

PIVEINVE = PINVET NV 4 PIVET Ny S

INVEF
Pt

C,H . . I . . . .
o Where P/NV™" is the price of the domestic investment goods and is the price of the foreign investment

goods.

@ Both prices are expressed in domestic currency. ¢ is the preference of the commodity sector for spending in
domestic investment goods and 7y c is the degree of substitutability between domestic and foreign investment
goods.

@ The prices are assumed to be similar to those the domestic economy faces such that

VC,H

PN =P, (19)

pINVET — pM (20)

where PM is the imported goods price level.

o1
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Commodity Sector Investment Bundle

@ The aggregate price index for sector specific investment goods expressed in dollars is

1- 1—- 1-
(PtINVC> e [’YC (PtINVC«,H) vy € (1= ) (PtINVC»F> ”/NvC] . (21)

e Multiplying by the nominal exchange rate to convert the price index to domestic currency and defining the price
. . . . c .
expressed in domestic currency of the commodity investment goods as Pt = S.PINV™ gives

(5:Pv) 7 = (P = o (PE) T ) ()]

@ The demand functions for the sector specific investment goods expressed in domestic currency are

1 1 1
PINVE \ mpyc PINVE N 7y c PCWN 7
INVtC’H e <P”tv\/CH INV /NVtC = 7e St t INV /NVtC = ¢ < t > nve /NVtC7 (22)

i Pr PF
PINV N 7= S, pINV 77— pCWN ¢
C,F NV INV INV
WVEF = (1=90) (ppiger ) ™ IWVE =@ =0 (P )™ Ve =1 =) (B )™ e
t t t
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Foreign Ownership

@ We assume foreigners own a share equal to (1 — x) of the firm. Thus, the capital flow related to the firm is

* >k * 5 - * S — *
SBEC — (140 4) Vs < BN 1) SiBYS = (1- X) SiCF, (24)
t— t—

where Bf’c are the dollar-denominated asset holdings of the foreign owners in the domestic economy.

@ This means part of the cash flow is considered as a liability for the domestic economy. Wg (.) is the cost the
private sector of the economy assumes for handling foreign assets. It depends on the total holdings of foreign
assets by the private sector B; and also the foreign holdings of the public sector F;"CB, which we discuss in the
following section. This function is increasing in the holdings, such that Wz (.) > 0.°

®Also, Vg (0) = 1.
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FX Interventions

In the fashion of Benes, Berg, Portillo and Vavra (2015) and Faltermeier, Lama and Medina (2017) we consider a
Central Bank that intervenes in the money market to minimize the volatility of the nominal exchange rate.

To do so the Central Bank increases its holdings of dollar-denominated international reserves when facing a
nominal appreciation (i.e. in a real economy this would mean the Central Bank buys dollars from the market) and
decreases its holdings of dollar-denominated international reserves when facing a nominal depreciation (i.e. in a
real economy this would mean the Central Bank sells dollars to the market).

We assume the FX interventions are sterilized. In the case of a nominal appreciation, this means the monetary
authority issues ADSE units of Central Bank-backed bonds denominated in domestic currency in an amount equal
to StAFtCB.

Thus the amount of bonds in the economy does not change and the intervention only represents a recomposition
of the bond holdings of the economy.
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Sterilized Interventions

@ The balance sheet of the Central Bank is

. . «.CB St— « ;
O (L+iy) Ve <Ft’CBti> StFt’EB = D — (1 +ir-1) DY, (25)

where FCB are the international reserves denominated in dollars and Wg (.) is the cost the Central Bank assumes
for handling foreign assets. We have W/ (.) > 0.° We also assume the international reserves earn an interest rate
equal to the foreign interest rate, while the Central Bank-backed bonds denominated in domestic currency earn an
interest rate equal to the domestic one.

The reaction function is

* ,CB\ PF _ 1—p
Fo [ F St—Se1\ *F : INT %6
F+CB — | Fr.CB s t) (26)

where (%) is the variation of the nominal exchange rate (also known as the depreciation rate), ¢f

represents the magnitude of the reaction of the Central Bank upon nominal exchange rate variations, pf is a
persistence parameter for the international reserves and INT; is an AR(1) process associated to the international
reserves accumulation shock such that

/NTt INTt_]_ INT
| - e 27
n<INT) p”‘”( INT )+5f ’ (27)

where pjyT is the persistence and /N7 is the related shock. The variables without time subscripts denote steady

state values.

®Also, Wr (0) = 1.
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Affecting the Nominal Exchange Rate

@ Because the cost the private sector of the economy assumes for handling foreign assets Wg (.) now is affected by
the spillovers of the foreign reserves policy, the UIP now becomes

. * St—l *7CB Sl’—l Pt St+1
(1 + It) _ Vs ( t-1Py’ Ft_l Pt—l) £ |:UC’t+1 Pey1 St

(1 + I{.k) - Et |:UC,t+1 P; :| 5

Pii1

(28)

where Uc ; is the marginal utility of consumption. This shows how the the nominal exchange rate variation is
affected by the FX intervention.

(5]
N

o
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Non-Ricardian Households

@ We assume a share Aygr of the households are non-Ricardian.
@ These households do not have access to financial markets nor they can spend on investment goods.

@ They must consume all their income within the same period they receive it, without the possibility of saving for a
future period.
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Utility Maximization

@ Non-Ricardian households solve the following maximization problem

o0
fam NR ;| NR
max E, |3 gt ( L )
C!VR?L?’R tL_oB VG e
subject to

where tham’NR and LNR are the consumption and the labor supplled of the non-Ricardian households. Also, these
households obtain a wage W, for their labor, which is the same wage Ricardian household receive.

@ Assuming the same utility function from Castillo, Tuesta and Montoro (2009), the first order conditions of the
non-Ricardian households are

-1

Ugff — pref; (C:am,NR _ tham NR) 7 (29)

n
UE = (LM%Y, (30)

famNR _ W,

clrmNR — ?:LQ’R, (31)

NR UNR
MRSNR = UNR’ (32)

where UC ¥ is the marginal utility of consumption, UNMR is the marginal utility of labor and MRS]R is the marginal
rate of substitution between consumption and labor, all related to the non-Ricardian households. prefy is a
preferences shock, h is a habit formation parameter and 7 is the inverse of the labor supply elasticity.

@ As Castillo, Montoro and Tuesta (2009), we assume the existence of frictions in the determination of the real

wages represented by Ayp, so they do not inmediately adjust to changes in the marginal rate of substitution. This
is expressed as
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Aggregation

@ Given now the model has two types of households, in the in equilibrium their variables must be aggregated. The
variables are aggregated as

chm _ ( tham,NR) Awe < C:am,R>1—A~R | (34)
Le= (1) (1) 2
Ve = (V2™ (ug) ™" (36)
U= (0FF) ™ (ug) " (37)
MRS, = (MRSPR) ™ (MRsE)” ™", (38)

where the superscript R denotes Ricardian households.
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Goods Market

The exports made by the commodity producing firm th,x are equal to it production such that
yoX = ve. (39)
The imports of the commodity producing firm YtC’M include the foreign investment goods it uses such that
YoM = invEF. (40)
With the commodity producing firm, the absorbtion of the domestic economy becomes
PCW
ABS; = Ci + INV; + G; + ; INVE, (41)
t

where ABS; is the domestic absorption, C; is the consumption, INV; is the non-commodity investment and G; is
the public expenditure. All these variables are expressed in real terms.

The nominal GDP is

PYefY, = PABS, + S;PXYX — PMYM 1 5,PCySX — §,pINVEFy M (42)

where Pf’ef is the deflator, Y% is the real GDP, Ptx is the export price level denominated in domestic currency, PtM
is the import price level denominated in domestic currency, Y/X are the non-commodity real exports and Y, are
the non-commodity real imports.
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Asset Market

@ The equilibrium for the domestic currency-denominated bond market is

D: = DF + DB = B, (43)

where D is the total supply of bonds denominated in domestic currency and B; are the domestic
currency-denominated bond holdings by the households.

@ The equilibrium of the dollar-denominated bond market is

B; = By - BYC, (44)

where Bf’H are the foreign bonds holdings by the households. We should notice the dollar-denominated asset
holdings of the foreign owners in the domestic economy B;"C enter the total with a negative sign because they are
a liability for the domestic economy.
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Balance of Payments

o By aggregating the budget constraints and balance sheets of the households, firms, commodity producing firm and
government we obtain the balance of payments equation, which is given by

% % def o * *, t
SiBf =SBy + SeF P = S = LV - ABS + (1+ity) Vs (B 3t F P32 ) SBy

. (45
+(1+i:_1)w,:( :,gss:)st ~CB _ (1 - ) CF, + REST; (45)

where REST; denotes the residual terms of the equation. The balance of payments is expressed in domestic
currency.
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