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This paper in a nutshell

@ Main purpose: Estimate the spillover effects of US policy tightening
after the end of the Great Financial Crisis (GFC) in a sample of Latin
American Countries (some ITers): Chile, Colombia, Mexico and Peru.

@ Empirical strategy: Hierarchical Panel VAR with an exogenous block
that considers the US and Global variables. Model estimated with
Bayesian MCMC methods for the sample 2001-2018. Structural
shocks (FFR and demand) identified through zero and sign
restrictions.

© Main results/contribution: US policy tightening produces on
average a rise in domestic interest rates, the EMBI spread, an
increase in the growth rate of the monetary base and a higher
depreciation that leads to a fall in Central Bank Reserves. After that,
we observe a fall in domestic credit and the trade balance. Finally, we
observe an ambiguous effect in activity and rise in inflation.
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Motivation(1)

@ As a response of the Financial Crisis of 2008, the Federal Reserve of

the United States (Fed) lowered the Federal Funds Rate (FFR) until
reaching the Zero Lower Bound (ZLB).
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@ The Fed started using alternative instruments in order to get a looser
monetary policy. In particular, the Fed started increasing the size of
its balance sheet (Ciirdia and Woodford, 2011) and lowering long
term interest rates (Baumeister and Benati, 2013).
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@ As a response of the Financial Crisis of 2008, the Federal Reserve of
the United States (Fed) lowered the Federal Funds Rate (FFR) until
reaching the Zero Lower Bound (ZLB).

@ The Fed started using alternative instruments in order to get a looser
monetary policy. In particular, the Fed started increasing the size of
its balance sheet (Ciirdia and Woodford, 2011) and lowering long
term interest rates (Baumeister and Benati, 2013).

e The Quantitative Easing (QE) produced significant nominal and real
effects over several macroeconomic variables around the globe, both
in advanced economies (Baumeister and Benati, 2013) and also in
emerging economies (see e.g. Carrera et al. (2015), among others).
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Motivation(2)

@ After seven years of the application of the Quantitative Easing, the
Fed has started removing the monetary stimulus, first with the

Tapering Talk in May of 2013, and then raising the FFR since
December 2015.
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@ Monetary Policy normalization actions are centered in i) Raising
short-term interest rates, ii) Raising the spread between long and
short-term interest rates, and iii) Reducing the size of the Fed’s
Balance Sheet (Williamson, 2015).
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Motivation(2)

o After seven years of the application of the Quantitative Easing, the
Fed has started removing the monetary stimulus, first with the
Tapering Talk in May of 2013, and then raising the FFR since
December 2015.

@ Monetary Policy normalization actions are centered in i) Raising
short-term interest rates, ii) Raising the spread between long and
short-term interest rates, and iii) Reducing the size of the Fed’s
Balance Sheet (Williamson, 2015).

@ It is important to isolate the surprise component of this policy action:
make the difference between the systematic and non-systematic
component.
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Motivation(3)

@ The main purpose of this paper is to identify the dynamic effects of
changing the monetary stance, which is different than the systematic
reaction of the Fed after demand shocks, i.e. the typical Taylor rule
that can be found in popular textbooks related with monetary policy
(see e.g. Woodford (2003) and Gali (2015)).
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@ Monetary policy normalization will have a direct impact on Latin
American Economies. The question is then how is the transmission
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Motivation(3)

@ The main purpose of this paper is to identify the dynamic effects of
changing the monetary stance, which is different than the systematic
reaction of the Fed after demand shocks, i.e. the typical Taylor rule
that can be found in popular textbooks related with monetary policy
(see e.g. Woodford (2003) and Gali (2015)).

@ Monetary policy normalization will have a direct impact on Latin
American Economies. The question is then how is the transmission
mechanism of these policy actions from the US and what are the
spillover macroeconomic effects over Latin American Economies.

@ We focus our attention on LATAM countries that apply the Inflation
Targeting scheme (see e.g. Pérez Forero (2015)).
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This paper(1)

@ | estimate the potential spillover effects of normalization through a
Bayesian Hierarchical Panel VAR (see Ciccarelli and Rebucci (2006),
Jarocinski (2010), Canova and Pappa (2011) and Pérez Forero
(2015)).
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o | estimate the potential spillover effects of normalization through a
Bayesian Hierarchical Panel VAR (see Ciccarelli and Rebucci (2006),
Jarociniski (2010), Canova and Pappa (2011) and Pérez Forero
(2015)).

@ | consider a small open economy setup, where the big economy is the
United States (US) and the Small economy is the Latin American
One (e.g. Chile, Colombia, Mexico or Peru).

@ Shocks affecting the US can be transmitted to the Latin American
Countries through an exogenous block (Cushman and Zha, 1997;
Zha, 1999; Canova, 2005) in a Panel VAR setup (Gondo and Pérez
Forero, 2018).

@ Estimation is performed using Bayesian Methods via Gibbs sampling
(Zellner, 1971; Koop, 2003; Canova, 2007; Koop and Korobilis, 2010).
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This paper(2)

@ Monetary policy shocks are identified through sign and zero
restrictions (Canova and De Nicold, 2002; Uhlig, 2005).
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@ An identified US interest rate shock produces a typical textbook
effect, i.e. an increase in the FFR is followed by a fall in money
growth, output and inflation. In addition, this shock is transmitted to
the small open economy and produces a nominal depreciation and a
positive reaction of the domestic interest rate.
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This paper(2)

@ Monetary policy shocks are identified through sign and zero
restrictions (Canova and De Nicold, 2002; Uhlig, 2005).

@ An identified US interest rate shock produces a typical textbook
effect, i.e. an increase in the FFR is followed by a fall in money
growth, output and inflation. In addition, this shock is transmitted to
the small open economy and produces a nominal depreciation and a
positive reaction of the domestic interest rate.

@ Moreover, the tighter external monetary policy produces, a negative
effect in aggregate credit, and a positive effect in inflation. Our
results are in line with Canova (2005) and, we take into account the
Unconventional Monetary Policy (UMP) period when performing the
estimation by introducing the yield curve spread.
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The model

Consider the set of countriesn = 1,..., N, where each country n is
represented by a VAR model with exogenous variables:

p p
Yn,it = Z B;L,lyn,t—l + Z B;/,ly;:k—l + Anzt + Un,t (1)
=1 =0

where y,, ; is a M7 x 1 vector of endogenous domestic variables, y; is a
Ms x 1 vector of endogenous domestic variables, z; is a W x 1 vector of
exogenous variables common to all countries, w,,; is a M; x 1 vector of
reduced form shocks such that w,; ~ N (0,%,), E (unu, ;) = 0,n #m
€ {1,...,N}, pis the lag length and T,, is the sample size for each
country n € {1,...,N}.
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The model

At the same time, there exists an exogenous block that evolves

independently and is common for all countries n = 1,..., N, such that
P
vi =) Oyr + Aty (2)
=1

with uj ~ N (0,%*) and E (ufuj, ;) = 0.

n,t
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A more compact form

For each country n € {1,..., N} such that:
[ Inr, *B?Zo ] [ Yn,t } _ [ B;z,l B:L:l } [ Yn,t ]
0 I vi — 0o 9 yr
An Zn 0 Un t
e [
System (1) represents the small open economy (SOE) in which its
dynamics are influenced by the big economy block (2), but (2) is
independent of block (1). This type of Block Exogeneity has been applied

in the context of SVARs by Cushman and Zha (1997), Zha (1999) and
Canova (2005), among others.

M-
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Priors |

We assume a normal prior for 3, in order get a posterior distribution that
is also normal, i.e. a conjugated prior:

p (Bn | Bv On, T) =N (Bv TOn) (3)
with 3 as the common mean and 7 as the overall tightness parameter.

The covariance matrix O,, takes the form of the typical Minnesota prior
(Litterman, 1986), i.e. O,, = diag (0;5;) such that

1 .
%3 v=1
=2
= o1 [ 95 ; ;
0ij,1 = 193 312 b 7é J
P2 , ELOGeNoUs

where
i,je{l,...,My} andl=1,...,p



Priors 1l

and where EJZ is the variance of the residuals from an estimated AR(p)
model for each variable j € {1,..., M;y}. In addition, we assume the
non-informative priors:

p(Zn) o [8[ 72+ (4)

that are supposed to be calibrated. In turn, in a Hierarchical context
(Gelman et al., 2003), it is possible to estimate the posterior distribution
of hyper-parameters /3 and 7. We assume an inverse-gamma prior
distribution for 7 (Gelman, 2006; Jarociriski, 2010).

v S w2 1ls
p(T):IG(2,§> x 7% exp (—2T> (5)

Finally, we assume the non-informative prior:

p(B) o1 (6)



Priors Il|

In addition, coefficients of the exogenous block have a traditional
Litterman prior with

p(8*) = N (B*,7xOx) (7)

where B* assumes a random walk for each variable and Ox = diag (o%)
such that

qb 7i = j
3'2
z .
zy 1= l¢3 <3Z2 b 7é J
P9 , ELOGENOUS

where
i,je{l,...,Ms} andl=1,...,p



Priors IV

and similarly 8? is the variance of the residuals from an estimated AR(p)
model for each variable j € {1,..., Ma}. As in the domestic block, we
assume the non-informative priors:

p (%) o[£z (M) (8)

We also estimate the overall tightness parameter as in the domestic block,

so that
vx +2

o103 )iV oa(42)

As a result of the hierarchical structure, our statistical model presented
has several parameter blocks, so that

0 = {8 S}y 8%, 5" 7 B}
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Bayesian Estimation

Given the specified priors and the joint likelihood function (30) - (32), we
combine efficiently these two pieces of information in order to get the
estimated parameters included in ©. Using the Bayes' theorem we have
that:

p(©|Y)xp(Y[O)p(O©) (10)
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Gibbs Sampling
Recall that © = {{ﬁn,En}gzl LB, 5%, T, B, TX}. Set k = 1 and denote
K as the total number of draws. Then follow the steps below:

Q Draw p(B8* | ©/8*,y",yn). If the candidate draw is stable keep it,
otherwise discard it.

@ Forn=1,...,Ndraw p (5, | ©/Bn,¥*,yn). If the candidate draw is
stable keep it, otherwise discard it.

© Draw p (X" | ©/%%, y", yn).

Q Forn=1,...,Ndraw p (X, | ©/%,,¥*,¥n).

@ Draw p(7x | ©/7x,Y).

@ Draw p (B | /8, Y). If the candidate draw is stable keep it,

otherwise discard it.
@ Draw p(7 | ©/7,Y).
Q If k< K set k=Fk-+ 1 and return to Step 1. Otherwise stop.
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Estimation Setup

@ We run the Gibbs sampler for K = 1,050, 000, discard the first
50,000 draws and set a thinning factor of 1,000. As a result, we have
1,000 draws for conducting inference.

@ Following Gelman (2006) and Jarocinski (2010), we assume a uniform
prior for the standard deviation, which translates into

p (1) o 77 1/2 (11)

by setting v = —1 and s =0 in (5).

© Regarding the Minnesota-stye prior, we set a conservative

$1 =2 = ¢3 = 1.
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Identification

We impose the following restrictions:

@ The first group is related with zero restrictions in the
contemporaneous coefficients matrix, as in the old literature of
Structural VARSs, i.e. Sims (1980) and Sims (1986).
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Identification

We impose the following restrictions:

@ The first group is related with zero restrictions in the
contemporaneous coefficients matrix, as in the old literature of
Structural VARSs, i.e. Sims (1980) and Sims (1986).

@ The second group are the sign restrictions as in Canova and De Nicol6
(2002) and Uhlig (2005), where we set a horizon of three months.
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Identification

Var / Shock | Name | FFR shock | Demand shock

Domestic Block y ? ?
EPU index EPUys ? ?

IP growth IPys <0 >0

CPI Inflation Rate CPlys <0 >0

Federal Funds Rate FFR >0 >0
M1 Growth Mlyg <0 ?
SPREAD SPREADpT_gT >0 ?
Commodity prices Pcom ? ?
Oil prices WTI ? ?

Table: Identifying Restrictions
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Figure: Response of U.S. variables after a demand shock; median value (solid
line) and 68% bands (dotted lines)
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Concluding Remarks (1)
@ We have estimated the potential effect in Latin American Economies

of a normalization in the US monetary policy with a Panel Vector
Autorregressive model.

Fernando Pérez Forero (BCRP) Feb 20th, 2019 26/28



Concluding Remarks (1)

@ We have estimated the potential effect in Latin American Economies
of a normalization in the US monetary policy with a Panel Vector
Autorregressive model.

@ Results are similar across different economies and must be taken with
caution, since they are preliminary. The increase in the FFR is very
persistent, and this is because the initial point is very close to zero.
Moreover, it produces the usual liquidity effect, a contraction in US
economic activity and a decrease in the CPI inflation. Second,
demand shocks trigger a rise in US interest rate, and this is in line
with a predictable monetary policy.
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Concluding Remarks (1)

@ We have estimated the potential effect in Latin American Economies
of a normalization in the US monetary policy with a Panel Vector
Autorregressive model.

@ Results are similar across different economies and must be taken with
caution, since they are preliminary. The increase in the FFR is very
persistent, and this is because the initial point is very close to zero.
Moreover, it produces the usual liquidity effect, a contraction in US
economic activity and a decrease in the CPI inflation. Second,
demand shocks trigger a rise in US interest rate, and this is in line
with a predictable monetary policy.

@ Regarding Latin American economies, we study the case of Chile,
Colombia, Mexico and Peru. Given the considerable amount of
uncertainty regarding the effect these shocks, we use Bayesian
techniques in order to properly assess the confidence intervals of the
associated impulse responses.
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Concluding Remarks (2)

@ Results show that a US normalization shock (either through the
interest rate of a demand shock) produces a nominal depreciation and
a positive reaction of the domestic interest rate and the risk premium.
Furthermore, in most cases the identified external monetary shock
produces a negative effect in the aggregate credit and the trade
balance, and a positive effect in inflation.
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@ On the other hand, given the reduced span of data (2001-2018), it is
natural to observe a considerable amount of uncertainty in the
estimated dynamic effect.
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Concluding Remarks (2)

@ Results show that a US normalization shock (either through the
interest rate of a demand shock) produces a nominal depreciation and
a positive reaction of the domestic interest rate and the risk premium.
Furthermore, in most cases the identified external monetary shock
produces a negative effect in the aggregate credit and the trade
balance, and a positive effect in inflation.

@ On the other hand, given the reduced span of data (2001-2018), it is
natural to observe a considerable amount of uncertainty in the
estimated dynamic effect.

@ Overall, in terms of the the contribution of the paper, we use an
efficient approach in order to assess the spillover effects of US
Monetary Policy Normalization in LATAM economies from the data,
an event that is still a current issue for Latin American Policy makers,
especially for Central Banks. This is not an easy task and deserves
more attention in the literature.
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Concluding Remarks (3)

@ Our approach is flexible relative to a stylized dynamic macroeconomic
model, and this is why there exists some space to do some
refinements. This could take the direction of expanding the
information set and also considering additional plausible restrictions.
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Concluding Remarks (3)

@ Our approach is flexible relative to a stylized dynamic macroeconomic
model, and this is why there exists some space to do some
refinements. This could take the direction of expanding the
information set and also considering additional plausible restrictions.

@ Nevertheless, so far we consider that we have imposed enough
restrictions in order to properly identify and isolate the two structural
shocks mentioned in this document.
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Reduced-form estimation

Assuming that we have a sample t = 1,...,T, the regression model for
the domestic block can be re-expressed as

Y, = X,By, + U, (12)

Where we have the data matrices Y, (T,, x M;), X, (T, x K),

U, (T, x My), with K = Myp+ W and the corresponding parameter
matrix By, (K x Mj). In particular

_ ’ ’ ’ */ */ */ r 1/
B, = [ n,1 Bn,2 Bn,p n,1 n2 Bn,p An ]
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Reduced-form estimation
The model in equation (12) can be re-written such that

Yn = (IMl & Xn) Bn +up
where y,, = vec (Yy,,), Bn = vec(By) and u, = vec (U,,) with
u, ~ N (0, Yin ® ITn—p)

Under the normality assumption of the error terms, we have the likelihood
function for each country

p(Yﬂ | B En) =N ((IM1 ® Xn) B, Xn ® ITn—p)

which is

(3| B Ba) = (2m) M5, 6 1y x

exp (_; (Yn — (In, @ X5) 6n)l (Zn ® ITnfp)i1 (Yn = (I, @ Xn) 5")>
(13)

wheren=1.....N.



Reduced-form estimation

In order to estimate the exogenous block, rewrite equation (2) as a
regression model
Y*=X"0o"4+U"

Where we have the data matrices Y* (T x Ms), X* (T* x K*),
U* (T x Ma), with K* = Map + W and the corresponding parameter
matrix ®* (K* x Ms). In particular

* * * * * !

@ - [ @1/ @2, te @Z), A ! :|

The model in equation (2) can be re-written such that
where y* = vec (Y*), p* = vec(®*) and u* = vec (U*) with

ut ~ N (0,5 ® Ipe_p)



Reduced-form estimation

Under the normality assumption of the error terms, we have the likelihood
function for the exogenous block

p(y" | B%X%) = N((Inp ® X*) 85, 5" @ Ipe_p)
which is

p(y* | 85,5 = (2m) T2 50 @ [ |71 x

exp ( _% (v — (I, ® X*) %) (Z* @ IT*,p)il > o
(yn — (In, @ X™) %)



Reduced-form estimation

The statistical model described by (30) and (32) has a joint likelihood

function. Denote © = {{ﬂn, Zn}gzl , B*, Z*} as the set of parameters,
then the likelihood function is

N
Py, ¥y 10) o |S T2 [2al ™ x

n=1

M=

% ) (Yn - (IMI 029 Xn) /Bn)/ (En ® ITn—p)_1 X

exp (Yn - (IM1 ® Xn) Bn) (15)
(y* = (Ing, ® X*) B*) (5% @ Ip=_p) " x
(yn — (Ing, ® X*) 5%)

N[



Priors
The joint prior is given by (3), (4), (5), (6), (7), (8) and (9), so that

N

p(©) o Hp(zn)p (/Bn | Ba OnyT)p(T)

|2*‘—%(M2+1) %
_ MyK*

ot e (<5 (-7 (00 (o))

Ty =5 exp _lsx
X 271x




Gibbs sampling details |

The algorithm described in subsection ?? uses a set of conditional
distributions for each parameter block. Here we provide specific details
about the form that these distributions take and how they are constructed.

© Block 1: p(B* | ©/8*,y*): Given the likelihood (32) and the prior
p (8| B, 1) = N (8%, 7xOx)
then the posterior is Normal
p(8"1©/8",y") = N (B4

with

A = ((Z*)_l ® (X*)/X* —|—T§10)_{1>_

Fr=A (e () ) + 7y OF'F)

1



Gibbs sampling details Il

@ Block 2: p(B, | ©/Bn,yn): Given the likelihood (30) and the prior
p (B | B,7) =N (B,70n)
then the posterior is Normal
p(ﬂn ’ 6/5717}’71) =N (an; zn)

with
A= (S 0 XX, + 770,17

B =Ny (2 @ XJ) (yn) + 710, 'B)



Gibbs sampling details Il

@ Block 3: p(X* | ©/X*,y*): Given the likelihood (32) and the prior
p(z*) x |E*|_%(M2+1)

Denote the residuals
Ur=Y*- X*B*

as in equation (12). Then the posterior variance term is
Inverted-Wishart centered at the sum of squared residuals:

p(ZF| ©/5%,y*) = IW (UYU*, T)



Gibbs sampling details IV

© Block 4: p(X,, | ©/%,,yn): Given the likelihood (30) and the prior
P () oc [, 2+

Denote the residuals
Un - Yn - Xan

as in equation (12). Then the posterior variance term is
Inverted-Wishart centered at the sum of squared residuals:

p(zn | G/Em}’n) =Iw (U;zUnaTn)



Gibbs sampling details V

@ Block 5: p(rx | ©/7x,Y): Given the priors

_uvx+t2 1
p(tx) =1G (s,v) X Ty > exp (—SX)
27Tx

p (571 | Ba On, T) =N (Ba TOn)
then the posterior is

al N _
MK + vy ngl(ﬁn_ﬂ) Onl(ﬁn_ﬁ)—i—S)

2 2

p(TX | @/Tx,Y) :]G



Gibbs sampling details VI
O Block 6: p (B | ©/3, Y): Given the prior
p (Bn | Ba OmT) =N (Ba TOn)

by symmetry B B
p (B | BnaOmT) =N (ﬁaTOn)

Then taking a weighted average acrossn =1,...,N:
f— N —_— —
p (ﬁ ’ {Bn}n:l 77—) = N (57 A)
with
N -1
A= ( 7_10;1>
n=1

N

=A [Z 10, By

n=1

iy




Gibbs sampling details VII
@ Block 7: p(7 | ©/7,Y): Given the priors

p(r) =1G (s,0) x 7% exp <_;i>

p (571 ’ Bv OmT) =N (Ba TOn)

then the posterior is

N — _
Z (Bn_ﬁ) 07?1 (/Bn_ﬁ)_i‘s
2 ’ 2

A complete cycle around these seven blocks produces a draw of ©
fromp(© | Y).



Data Description (Exogenous block)

We include the following variables for the exogenous block:

@ Economic Policy Uncertainty index from the U.S. (EPUyzg).

@ Consumer Price Index for All Urban Consumers: All Items
(1982-84=100), not seasonally adjusted.

Industrial Production Index (2007=100), seasonally adjusted.
Federal Funds Rate (FFR)?.
M1 Money Stock, not seasonally adjusted.

Producer Price Index (All Commodities).

@ Crude Oil Prices: West Texas Intermediate (WTI) - Cushing,
Oklahoma.

Data is in monthly frequency (2001:12-2018:06) and it was taken from the
Federal Reserve Bank of Saint Louis website (FRED database).

'We include the Shadow Interest Rate as in Wu and Xia-(2015) starting in 2008.
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Figure: US data



Data Description (Chile)

We include the following variables from the Chilean economy:

Nominal exchange rate.
Interbank interest rate in Chilean pesos.

Aggregated credit of the banking system in U.S. Dollars (Foreign
Currency).

Aggregated credit of the banking system in Chilean pesos (Domestic
Currency).

Consumer price index (2008=100).

IMACEC Monthly indicator of economic activity (2008=100), not
seasonally adjusted.

Data is in monthly frequency (2001:12-2018:05) and it was taken from the
Central Bank of Chile website. All variables except interest rates are
included as year-to-year growth rates.
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Figure: Chilean data



Data Description (Colombia)

We include the following variables from the Colombian economy:

@ Nominal exchange rate.
@ Interbank interest rate in Colombian pesos.

o Aggregated credit of the banking system in U.S. Dollars (Foreign
Currency).

@ Aggregated credit of the banking system in Colombian pesos
(Domestic Currency).

@ Consumer price index (December 2008=100).

@ Real industrial production index (1990=100), seasonally adjusted with
TRAMO-SEATS.

Data is in monthly frequency (2001:12-2018:06) and it was taken from the
Banco de la Republica website. All variables except interest rates are
included as year-to-year growth rates.
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Figure: Colombian data



Data Description (Mexico)

We include the following variables from the Mexican economy:

Nominal exchange rate.
Interbank interest rate (at 28 days) in Mexican pesos.

Aggregated credit of the banking system commercial banks) in U.S.
Dollars expressed in Mexican pesos (Foreign Currency).

Aggregated credit of the banking system (commercial banks) in
Mexican pesos (Domestic Currency).

Consumer price index (December 2010=100).

IGAE Global economic activity index (2008=100), seasonally adjusted
with TRAMO-SEATS.

Data is in monthly frequency (2001:12-2018:06) and it was taken from the
Banco de México website. All variables except interest rates are included
as year-to-year growth rates.
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Data Description (Peru)

We include the following variables from the Peruvian economy:

@ Nominal exchange rate index.

@ Interbank interest rate in Soles (in percentages).

o Aggregated credit of the banking system in U.S. Dollars (Foreign
Currency).

o Aggregated credit of the banking system in Soles (Domestic
Currency).

Consumer price index for Lima (2009=100).
@ Real Gross Domestic Product index (2007=100), seasonally adjusted
with TRAMO-SEATS.

Data is in monthly frequency (2001:12-2018:06) and it was taken from the
Central Reserve Bank of Peru website. All variables except interest rates
are included as year-to-year growth rates.

Fernando Pérez Forero (BCRP) Feb 20th, 2019 50/28



10

40

20

100

50

2006 2009 2012 2015 2018

Credit

2006 2009 2012 2015 2018

Ireserves

2006 2009 2012 2015 2018

Figure: Peruvian data

15 15
10 1
5 0.5
0 0
-5 -0.5
2006 2009 2012 2015 2018 2006 2009 2012 2015 2018
8 60
6 40
4 20
2 0
0 -20
2006 2009 2012 2015 2018 2006 2009 2012 2015 2018
20 6
10
4
0
2
-10
-20
2006 2009 2012 2015 2018 2006 2009 2012 2015 2018



10
=~
’ e
S5r Tesoo
1 i
fe =~
Y ~
> ~
<
~. -
s R P
15 30 45 60
Credit
10
PR PSR
0 ~
~
Y
-10 S
‘N- __—"‘—'—'
20
15 30 45 60
Ireserves
100
s0f e~ T sl
A
0
50
15 30 45 60

20

10

-10

40

20

-20

-40

4
'/\\ 2p o=~ -
>~ - St--eao
N~ ----- v T |
NS mmm e = = R v E
-2
15 30 45 60 15 30 45 60
20
ST e Y SR
e R
v\ 0,\
N RN
’ A P S SR R R
S - MR e
-20
15 30 45 60 15 30 45 60
6 -
RN
at ! S
] S
Vo emmsmmme - B AR
‘< —| 2l,¢~\\
A -
__________ - 0
~
~
S~
2 - -
15 30 45 60 15 30 45 60

Figure: Response of Chilean variables after a US Monetary Policy shock; median

value and 68% bands



10 =g 20
II \\~
5f, Sscal -Ss
-d --- 00~
Y ~ N \\ .
0y S (- ————m -
~
~o _ 0 S —
5 P 1 -
N~
-10 -10
15 30 45 60 15 30 45 60
Credit R MB
20 10 20
PR U _—_———
\"\\ - 5 ’ \‘~ 10 \\ /—‘
0 ~— - == ’ T~ Sea-
. TR AN
. 0 < [N
M - \\ ~
20 N - -
N g 5 > o - 10 AN ="
. - -- re——
~~-
-40 -10 20
15 30 45 60 15 30 45 60 15 30 45 60
Ireserves E EMBI
50 40 10
I-—~\\ - -
’ ~o 20 e .o
1 Sam =~ \~ 502 i
0 AT ==me==== VZEER
~o ‘ S~
~-a . - 0 <
~~~_ __—"‘ 20 \\ _—'-— ~~~—_
-50 -40 5
15 30 45 60 15 30 45 60 15 30 45 60

Figure: Response of Colombian variables after a US Monetary Policy shock;
median value and 68% bands



15

10

20

-20

-40

40

-20

-40

20
J Teea oo 0
1 ~
V< AN~ - mcmmmm ==
o ~a of- ~ o
v ] 1 T~~ao_-----1
...
-10
15 30 45 60 15 30 45 60
Credit R MB
10 20
- [ -~
- - ’ ~—e -
= 5 ’ - 10 S
N , [N
~ N f\
AN [ e )
N\ 4 N\\ ‘N
SN e m e -~ S - B il |
5 -10
15 30 45 60 15 30 45 60 15 30 45 60
Ireserves E EMBI
S 40 10
4 ~
’ ~~~
B —e~e _l
1 20 5 ’ SN ~e~ooo___
L E P
S - T
\\ 0¥ 0 S e
Sre o \ S~
TR s =TT s e-a
______ Nea-
-20 5
15 30 45 60 15 30 45 60 15 30 45 60

Figure: Response of Mexican variables after a US Monetary Policy shock; median
value and 68% bands



10 15 2
- '
47~ " -
1 S 0 N, ' R g
5 ~ 0
~. s e
S ~a oo 5 S "
0 s~ e e-a 2
F .l of—<
_______ <.
5 5 -4
15 30 45 60 15 30 45 60 15 30 45 60
Credit R MB
10 5 ——=s 40
- - < P
IS - ’ N g -~
o ~ o - 1 Sso - ~~-~
N ) Seeoaa 20f ¢ ~<o
wf gt S
B . / =
N S~o 0
20 . ~de-a <
N
~ \N
30 s == 5 2l =========
15 30 45 60 15 30 45 60 15 30 45 60
Ireserves E EMBI
100 40 10
- 20 .-
50 ’z ~~~ \\ s, Yo d
. R DU A~ === I ==
’ . == popgm— -~~~
of= \ =" 0 S~
S~ 207 So_.” S oo
50 -40 5
15 30 45 60 15 30 45 60 15 30 45 60

Figure: Response of Peruvian variables after a US Monetary Policy shock; median
value and 68% bands



0.5

-0.5

P
3 . o
15 30 45 60
Credit
15 30 45 60
Ireserves
N
15 30 45 60

0.5

-0.5

0.2

-0.2

-0.4

0.2
- 0.1 e m———
S -
N -
~ -
N R S 0 PI e
N Pt
M e - 01t S -7
0.2
15 30 45 60 15 30 45 60
1
<~
~ - -
. Semmmmm T
’ -‘~___ 0
=~ ‘\
- \
-~ ~
\\~ 2 \~s -
Te~ao T=er-
2
15 30 45 60 15 30 45 60
0.4
L
v e N - -
o~ - .
77 ~< 0.2 ,,’
- S L
~e._ o --
.~ o
0.2
15 30 45 60 15 30 45 60

Figure: Response of Chilean variables after a US demand shock; median value and
68% bands



1 1 01
05 .- T - 0 s —
’ - -
RS - -
_- e~ N—" =" -1
D Ol N _ ==
05 05 02
15 30 45 60 15 30 5 60 15 30 45 60

2 0.6 S 1
e S~o -
- . ~
1 - 04 v v S <
P -0 g . 0 ~ -
s -~ . ~—<
= - .
O —— - 02f - T ..
~o P Phg S~ 1 S o -
1 Sso 0 Sema
2 0.2 2
15 30 45 60 15 30 45 60 15 30 45 60

2 0.6
=~ R
1f Se 0.4 Pas
lf\~-_"- Rl
DV' N = 0.2 L
fr ~ . PR el
. - -
1 e L S
2 0.2
15 30 45 60 15 30 45 60

Figure: Response of Colombian variables after a US demand shock; median value
and 68% bands



0.5

-0.5

P
4‘_—_—_
P
.
.
L
.
S
\__—‘
15 30 45 60
Credit
PR

05

-05

0.1
0 =
\ ===
=
\
0.1 ‘~___
02 ===
15 30 45 60
1
-T~Na o
- T - 05 ¢ T T TTSea----
- ¢
- <
-
- 0
— --- <.
— <
-0.5 Smmme o=
1
15 30 45 60 15 30 45 60
0.6
Pl T 0.4 -
A e RSt -
I/\ 0.2 .7
1 ¢ o emmmm——a
7 ~ 2 L=
A .\‘~— U
0.2
15 30 45 60 15 30 45 60

Figure: Response of Mexican variables after a US demand shock; median value
and 68% bands



4 S -
4 ‘~~
’ == \ 0.05
02 ’ 05 3~
I N e N et
’ ™~ S - 0 ==
SN --m oo =
- -=~ ~ -==- e
o e 0 N N\~~~ o oo---1
N~ 1 ~o -0.05 T L --
Se=m.aaall v .
-02 05 0.1 —=2
15 30 45 60 15 30 45 60 15 30 45 60
Credit R MB
1 04 2
P L T L Ja=nd -
- ~ - ~
0 — 02 . -o <
~ . v ~a 0y < -
§ ~. , < N\ ---
~1 IS \
~
S 0f= << 2 N
2 ~ ~ Y _ -
~< Seeo N -
S ~o - - -
3 0.2 4 —
15 30 45 60 15 30 45 60 15 30 45 60
2 2 06
0 - 04 Lo ==
1 I/ \\~ "_—
-2 ,/\“~_\__ 0.2 Pae
o< ~ - T e
-4 l,' \\~ 0 ==
N - -
6 1 0.2
15 30 45 60 15 30 45 60 15 30 45 60

Figure: Response of Peruvian variables after a US demand shock; median value
and 68% bands



References |

Arias, J. E., RuBlo-RAMIREZ, J. and WAGGONER, D. (2014).
Inference based on svars identified with sign and zero restrictions:

Theory and applications, federal Reserve Bank of Atlanta, Working
paper 2014-1.

BAUMEISTER, C. and BENATI, L. (2013). Unconventional monetary
policy and the great recession - estimating the impact of a compression
in the yield spread at the zero lower bound. International Journal of
Central Banking, 9 (2), 165-212.

CANOvA, F. (2005). The transmission of us shocks to latin america.
Journal of Applied Econometrics, 20 (2), 229-251.

— (2007). Methods for Applied Macroeconomic Research. Princeton
University Press.

— and DE NicoLO, G. (2002). Monetary disturbances matter for

business fluctuations in the g-7. Journal of Monetary Economics, 49,
1131-1159.

Fernando Pérez Forero (BCRP) Feb 20th, 2019 60 /28



References |l

— and PappA, E. (2011). Price differential in monetary unions: The role
of fiscal shocks. The Economic Journal, 117, 713-737.

CARRERA, C., PEREZ FORERO, F. and RAMIREZ, N. (2015). Effects of
u.s. quantitative easing on latin american economies, peruvian Economic
Association Working Paper No 2015-35.

CiccARreLLI, M. and REBUCCI, A. (2006). Has the transmission
mechanism of european monetary policy changed in the run-up to emu?
European Economic Review, 50, 737-776.

CURDIA, V. and WOODFORD, M. (2011). The central-bank balance
sheet as an instrument of monetary policy. Journal of Monetary
Economics, 58 (1), 54-79.

CUSHMAN, D. and ZHA, T. (1997). Macroeconomics and reality. Journal
of Monetary Economics, 39, 433-448.

Fernando Pérez Forero (BCRP) Feb 20th, 2019 61/28



References Il|

GALIL, J. (2015). Monetary Policy, Inflation, and the Business Cycle: An
Introduction to the New Keynesian Framework and Its Applications -
Second Edition. Princeton University Press.

GELMAN, A. (2006). Prior distributions for variance parameters in
hierarchical models. Bayesian Analysis, 1 (3), 515-533.

—, CARLIN, J., STERN, H., DUNsON, A., D.B. VEHTARI and RUBIN,
D. (2003). Bayesian Data Analysis. Chapman Hall/CRC Texts in
Statistical Science, 3rd edition.

GoNDO, R. and PEREZ FORERO, F. (2018). The transmission of
exogenous commodity and oil prices shocks to latin america - a panel var
approach. Banco Central de Reserva del Peri - Working paper 2018-012.

JAROCINSKI, M. (2010). Responses to monetary policy shocks in the east
and the west of europe: A comparison. Journal of Applied
Econometrics, 25, 833-868.

Koop, G. (2003). Bayesian Econometrics. John Wiley and Sons Ltd.

Fernando Pérez Forero (BCRP) Feb 20th, 2019 62 /28



References IV

— and KorosiLis, D. (2010). Bayesian multivariate time series methods
for empirical macroeconomics. Foundations and Trends in Econometrics,
3 (4), 267-358.

LITTERMAN, R. B. (1986). Forecasting with bayesian vector
autoregressions-five years of experience. Journal of Business Economic
Statistics, 4 (1), 25-38.

PEREZ FORERO, F. (2015). Comparing the Transmission of Monetary
Policy Shocks in Latin America: A Hierachical Panel VAR. Centro de

Estudios Monetarios Latinoamericanos, CEMLA - Central Banking
Award " Rodrigo Gémez" No prg2015eng.

Sims, C. (1986). Are forecasting models usable for policy analysis?
Federal Reserve Bank of Minneapolis, Quarterly Review, 1986, 2—-16.

Simvs, C. A. (1980). Macroeconomics and reality. Econometrica, 48 (1),
1-48.

Fernando Pérez Forero (BCRP) Feb 20th, 2019 63 /28



References V

UHLIG, H. (2005). What are the effects of monetary policy on output?
results from an agnostic identification procedure. Journal of Monetary
Economics, 52, 381-419.

WILLIAMSON, S. D. (2015). Monetary policy normalization in the united
states. Federal Reserve Bank of Sant Louis Review, 97 (2), 87-108.

WOODFORD, M. (2003). Interest and Prices. Princeton University Press.

Wu, J. C. and X1A, F. D. (2015). Measuring the macroeconomic

impact of monetary policy at the zero lower bound, chicago Booth
Research Paper No. 13-77.

ZELLNER, A. (1971). An Introduction to Bayesian Inference in
Econometrics. New York, NY: Wiley: reprinted in Wiley Classics Library
Edition, 1996.

Zua, T. (1999). Block recursion and structural vector autoregressions.
Journal of Econometrics, 90 (2), 291-316.

Fernando Pérez Forero (BCRP) Feb 20th, 2019 64 /28



	Summary
	Motivation
	The model
	Bayesian Estimation
	Identification
	Results
	Concluding Remarks
	Appendix
	Reduced form estimation details
	Gibbs sampling details
	Data Description
	Impulse responses
	Spillover effects from US Monetary Policy shocks
	Spillover effects from US Demand shocks

	References


