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Abstract

We use an expectation-augmented SVAR representation of an open
economy New Keynesian model to study monetary transmission in
Brazil and Chile. The underlying structural model incorporates key
features of monetary transmission in typical emerging-market economies,
including a bank-credit channel and the role of external debt accumu-
lation on country risk premia and exchange rate dynamics. We find
that interest rate changes have swifter effects on output and inflation
compared to advanced economies and that exchange rate dynamics
plays an important role in monetary transmission. In particular, we
find evidence of a positive intra-temporal effect of monetary tight-
ening arising from a favourable effect of exchange rate appreciation
on balance sheets and credit growth, tempering some of the standard
inter-temporal effect. We also find that credit shocks have non-trivial
effects on output and inflation in the two countries, being stronger in
Chile than in Brazil.
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1 Introduction

The widespread adoption of inflation-targeting (IT) regimes by emerging-
market (EM) economies has generated considerable interest in the channels
through which monetary policy shocks affect output, inflation and other rele-
vant aggregates in such economies. Yet, there has been a paucity of empirical
research for EMs relative to the large literature on advanced countries, partly
reflecting shorter time series and other problems not typically faced in studies
of the latter.! What there has recently been a few studies fitting DSGE mod-
els of a standard variety to emerging market data e.g. Bracke et al (2008),
Furlani et al (2008), da Silveira (2008) and del Negro and Schorfheide (2008),
one limitation with these studies is that some key structural features of EMs
are largely ignored in the chosen specification. Moreover, Bayesian methods
utilized for estimation in these studies often impose strong priors, so that the
empirical investigation is less about "discovery" than quantifying the para-
meters of some prescribed model. This is not to deny that DSGE models are
useful for thinking about inter-relationships in the macro economy, but our
view is that they are often best used as a source of structural information
that provides a skeleton to allow investigations to organize the data, rather
than to be imposed upon it, at least until one is sure that the model is a good
representation of the data. Often the only way the latter has been judged
is by a comparison of the results to a VAR, but this is unlikely to be a very
powerful test. Often simple checks, such as whether the assumptions of the
model made about expectations and shocks are consistent with the data, are
far more likely to show up deficiencies in the specification.

Our objective in this paper is to develop a model that uses a particular
DSGE model, the New Keynesian model, as a skeleton, and to then expand
this so as to resemble a Structural VAR (SVAR). Unlike existing SVARs
that either force the system to be recursive ( "ordered" ) or which impose re-
strictions based on the signs or long-run properties of impulse responses, we
propose that the VAR be structured by reference to some skeletal model that
has a theoretical base. After eliminating the expectations in such a model we
thereby produce a non-recursive SVAR, and it is this which forms the basis

'Even though the literature on the relative performance of IT regimes in EMs is now
sizeable (see, e.g., Loayza and Soto, 2002; Fraga, Goldfajn, and Minella, 2004; Miskin
and Schmidt-Hebbel, 2007), model-based studies on the monetary transmission in these
economies remain scarce. A notable exception has been the case of Chile, as discussed
below.



of our structured VAR. By choosing the skeletal model appropriately we can
make an allowance for the role of external debt accumulation, exogenous fluc-
tuations in the terms of trade and endogenous determinants of the external
trade balance through variation in domestic absorption. We show that the
inclusion of an external debt accumulation equation in the structured VAR
model is not only of interest in its own right—as it permits the tracking of
the effects of monetary shocks through key external aggregates—but it also
imposes some stock-flow dynamics on the model that allows it to have an
invertible VAR representation.

All linearized DSGE models imply that the data can be represented as
a structured VAR. The shocks in the structure are identified in the DSGE
approach by a combination of exclusion restrictions and the presence of some
common parameters in the structural equations of the system. These serve to
reduce the number of parameters to be estimated to what can be ( hopefully)
estimated from the data. The structured VAR we adopt retains some of the
exclusion restrictions of DSGE models but attempts to be less restrictive in
relation to the specification of the underlying structural equations. It also
aims to eclectically introduce some of the features of EM macro economies.
In particular we augment the canonical model to include a bank-dependent
domestic private sector. This allows us to capture additional effects of mon-
etary policy shocks through the bank intermediation channel emphasized by
Bernanke and Blinder (1988), a channel which has been argued to be partic-
ularly relevant in emerging markets (Edwards and Vegh, 1997). The effect
of shocks to banks’ lending capacity—arising, from (say) exogenous changes
in reserve requirements and/or banking intermediation technology—on out-
put, inflation, and other aggregates can also be also traced out in the model.
Our structured VAR model is also designed to retain one of the important
features emphasised in the DSGE perspective, viz. the integration of stocks
and flows. This is rarely dealt with in standard SVARs.

The modelling strategy is empirically implemented on data for Brazil and
Chile over 1999/1-2009/1. This sample period was chosen because the coun-
tries formally adopted an inflation target in 1999 (Brazil) and 2000 (Chile).
While Chile did start targeting inflation from the early 1990s, it operated
a system of exchange rate bands through 1998, so targeting inflation was
not the overriding goal of monetary policy. Moreover, an advantage in re-
stricting the estimation period from 1999 to 2009 is to use the same sample
for both countries, so as to more readily facilitate comparison. Achieving a
balance between retaining a large number of parameters, so as to capture
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the quite general dynamics that might be in the data, and the need for a
relatively parsimonious specification to aid interpretation, is often more an
art than a science, particularly when the sample sizes available for estima-
tion are very short. Some restriction on the VAR is needed. The model we
apply to both countries represents an expansion of the methodology used in
Catao et al (2008), in that we replace the recursive SVAR used there with
a non-recursive SVAR. Substantial differences emerge between the conclu-
sions reached with a traditional recursive SVAR and that from this paper’s
approach. In particular, despite the relatively short time span available for
estimation (1999/1-2009/1), our structured VAR estimates do not generate
"price puzzles", "exchange rate puzzles" and other anomalies that abound
in the literature, and which would be found for both countries if one applied
a standard recursive SVAR.

The main results are as follows. First, compared with the United States
and other advanced countries, the transmission mechanism works faster, with
the bulk of the effects on output and inflation taking place within a year.
The magnitude of monetary policy effects on inflation and output growth
are much the same as in advanced economies, but the mechanism is different
for inflation, with exchange rate rather than output gap effects dominating
- something often found in small open economies such as Australia.

Second, the bank credit channel is found to play a role in monetary trans-
mission. Our results are consistent with the existence of two channels through
which monetary policy affects output. One is via the bank credit channel, as
highlighted in the literature (Kashyap and Stein, 1994; Edwards and Végh,
1997; Tornell and Westermann, 2005). The other operates by changing the
lending-deposit spread and this has two effects. First, changes in the policy
interest rate amplify the standard inter-temporal effect of monetary policy
changes on absorption. Second, there is an intra-temporal effect: monetary
tightening tends to appreciate the exchange rate in the short-run and this
has expansionary effects on bank credit. The latter occurs when the domestic
business sector tends to have a sizeable stock of foreign-currency denominated
debt and the non-tradable sector of the economy is more "bank-dependent"
than its tradable counterpart, implying that the overall demand for bank
credit will tend to increase as relative prices shift towards non-tradable pro-
ducers. This combination of the balance sheet effects of currency mismatches
and the greater bank dependence of domestic firms - which have been shown
to be typical of emerging markets (see, e.g., Tornell and Westermann, 2005)-
imply that monetary policy will have non-trivial effects on bank lending and
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hence on absorption. Our estimates indicate that, while the inter-temporal
channel eventually wins out, so that monetary tightening (loosening) de-
presses (boosts) bank credit, the intra-temporal channel appears to play an
offsetting role.

Regarding the quantitative impact of credit shocks these tend to be larger
for Chile but neither is large in response to a 1% rise in credit growth.
However, the question is whether this is the right scenario. Over the period
1999/1-2009/1 there has been very strong growth in credit in both countries
with standard deviations for the shocks of around 10% and 5% respectively.
So, although the impact of a 1% change in credit upon inflation and output
is relatively small, such large variations in actual credit growth might suggest
that these developments have been important for macro-economic outcomes.
Indeed, for Brazil the impact of a 10% growth in credit is roughly equivalent
to and increase of 130 basis points in the interest rate ( that being the
standard deviation of interest rate shocks).

The remainder of the paper is divided into seven sections. Section IT
reviews the existing evidence on the monetary transmission mechanism in
Brazil and Chile and provides a motivation for the model and results. Section
IIT lays out the methodology, firstly in a general way, and then in the context
of the structural model that is used as the skeleton for our SVAR. Section
IV provides a discussion of the data including the construction of gaps. Our
argument is that the gap should be consistent with the model and that this
requires the use of the Beveridge-Nelson rather than Hodrick-Prescott filter.
Section V presents the estimation results for the structured VAR model for
both Chile and Brazil and details impulse responses found for them. The
paper concludes with a brief summary and discussion of the main findings.

2 Existing Evidence

2.1 Brazil

The introduction of the IT framework in Brazil in 1999 has generated signif-
icant interest in understanding the monetary transmission mechanism and,
as a result, there has been a growing subsequent literature seeking to identify
and measure the channels through which the central bank’s policy interest
rate (SELIC) affects output and inflation. A description of some channels
and a discussion of the central bank of Brazil’s model is provided in Bogdan-



sky, Tombini, and Werlang (2000) and this basic framework has formed the
basis for the empirical studies reviewed below.

Minella (2003) estimates a recursive four-variable VAR using the overnight
interest rate, inflation, output and M1 over the period 1975-2000, break-
ing the estimation into three sub-samples: the "moderate" inflation period
of 1975-85; the high inflation period (1985-1994); and the post-1994 low-
inflation regime. He finds that inflation inertia declines in the post-1994
period and that there is only weak evidence that monetary policy affects
inflation in this post-stabilization period, even though his estimates point
to significant effects of monetary policy shocks on output. Minella notes
that this may well be because of an identification problem arising from the
fact that the 1994-2000 period was dominated by interest rate responses to
financial crises and defence of the exchange rate peg, rather than by the
overriding objective of anchoring inflation expectations. A possible reason
for this "anomalous" result is that the exchange rate was not included in the
VAR.

The role of the exchange rate as a determinant of Brazilian inflation
has been acknowledged in other studies. Bevilaqua, Mesquita and Minella
(2007) find that the large appreciation of the real since 2005 has contributed
significantly to the fall in inflation. In a similar vein, Favero and Giavazzi
(2004) find that exchange rate movements affect inflation expectations, and,
through this channel, the central bank interest rate setting. This suggests
that the exchange rate may not only affect current inflation by changing the
cost of imported goods, but, as well, there may be an important expectational
channel at work.

Some attention has also been devoted to the interest rate reaction func-
tion. Using an HP-filtered measure of the output gap, Minella and others
(2003) find that the parameter on the output gap in the monetary policy
reaction function has the wrong sign and is not statistically significant from
zero. They argue that this could arise because of simultaneity bias caused
by supply shocks that depress the output gap and raise inflation. In theory
supply shocks should be netted out of measures of the output gap, and any
failure to do so will induce mis-specification errors. The same study also
finds that exchange rate volatility has been an important source of inflation
variability in Brazil when using a smaller VAR estimated on monthly data,
but with a sample that includes the pre-IT period (1994-2002).

More recent work (da Silveira, 2008; and Furlani et al., 2008) have re-
examined some of these issues from the perspective of an New Keynesian
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open economy DGSE model based on Gali and Monacelli (2005) estimated
with Bayesian techniques. Given their open economy set-ups, both studies
have the exchange rate playing a key role in the transmission of monetary
shocks via UIP, though none of them contemplate the role of country risk
premium as we do below. Further because all goods in the Gali-Monacelli
set-up are tradables, real exchange rate changes are proportional to terms
of trade changes. Da Silveira, 2008 finds in particular that monetary policy
lowers inflation via that a strong nominal exchange rate appreciation but
such effects are not particularly strong and are complemented through the
effect of monetary policy on the output gap. Further, as in the case of other
studies for Chile (see below), Furlani et (2008) examine whether the monetary
policy reaction function responds to exchange rate and output as well as to
inflation. They find that the Brazilian central bank does not respond much
to exchange rate movements in setting domestic interest rates, but mostly
to inflation developments and also to some extent to the output gap. Both
studies also find, as we do, that shock accommodation is relatively swift
though none of their models have allowance for a bank credit channel which
our estimates below show to play a role.

2.2 Chile

As with Brazil existing work on monetary transmission in Chile has moved
from an earlier literature using VARs and semi-structural VARs to more re-
cent work using DGSE modelling and Bayesian estimation. Early work in the
VAR tradition includes Morande and Schmidt-Hebbel (1997), Valdes (1998),
Calvo and Mendoza (1999), and Cabrera and Lagos (2002). While structural
restrictions have been imposed in some of these studies, strong reliance had
been place on a-theoretic identifying assumptions and the link between the
estimated VAR and a theoretically based structural model was weak. Not
surprisingly in this literature, a number of puzzles ("price", "exchange rate",
and liquidity puzzles) emerged (see Chumacero, 2003 for further discussion).

Among recent DGSE modeling, much of the work has its basis in a small
open economy model with Keynesian features set out in Gali and Monacelli
(2005). This features monopolistic competition with Calvo pricing, differ-
entiated output varieties, and complete asset markets. Cespedes and Soto
(2005) present a variant of this model in which there is uncertainty about
the monetary policy rule implemented by the central bank, implying that
agents simultaneously optimize and solve a signal extraction problem about

7



the nature of the monetary policy shock. Computing impulse responses un-
der standard calibrations of the model for the case of a disinflation shock
(a shock to the inflation target), they find that the higher this uncertainty
(i.e., the lower the central bank credibility), the slower is the fall in infla-
tion to a given monetary tightening and the higher is the real exchange rate
appreciation and the sacrifice ratio. Complementing this calibration exer-
cise with GMM estimates of the monetary policy rule over the pre-1999 and
the post-1999 period , they find that, in the full-fledged inflation targeting
regime, monetary policy has become more forward-looking (i.e., more re-
sponsive to expected future inflation rather than current inflation) and that
the coefficient on the deviations of inflation from target in the monetary
policy rule has gone up (rather than come down). Caputo et al. (2007) ex-
tend the basic open economy New-Keynesian to incorporate nominal wage
rigidity as well as habit persistence and a risk premium on external borrow-
ing (rather than complete international asset markets), and then estimate
it with Bayesian techniques. They find that wage rigidity is typically more
important than price rigidity for the Chilean economy, which complicates the
trade-off between stabilizing inflation and that of stabilizing output. Specif-
ically, wage indexation generates a more persistent response of inflation to
shocks and makes inflation fluctuations (and monetary policy responses to it)
more costly in terms of output and employment. Estimates of the monetary
policy response embodied in their model indicates that the policy response
to inflation during the full-fledged IT period is stronger than that to out-
put and the exchange rate. Furthermore, they also find that there has been
greater interest rate smoothness and that the response to inflation relative
to output has become less aggressive. In fact, their estimates of the central
bank reaction function indicate too mild a response to inflation developments
failing to meet standard stability condition for the Taylor rule.

Del Negro and Schorfheide (2008) have a similar stategy to ours in that
they estimate a DSGE model ( a version of the Gali-Monacelli model) to
derive predictions of what the VAR coefficients (II) would be, II*. A prior
distribution for II is then constructed by centering on IT* and having a covari-
ance matrix that is proportional ( through the inverse of a hyper-parameter
A) to the form of the covariance matrix of [lors. A determines the extent
to which the VAR coefficients are preferred to those from the DSGE model.
When A = 0 one would adopt the unrestricted VAR, values for II while, as A
becomes large, one would prefer the values implied by the estimated DSGE
model ( of course, one also needs to determine the covariance matrix of the
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VAR errors as well). The parameter A basically enables one to explore how
sensitive the conclusions will be to whether one uses the DSGE model or the
VAR. One might choose A by reference to predictive success and they use
the highest posterior probability as a criterion. There are some difficulties
in moving back to structural shocks, simply because these are defined by the
DSGE model, and so it really needs to be correctly specified, but for mon-
etary policy shocks the difficulties are much less as the structural equation
defining this is a-theoretic.

A first question addressed is the extent to which the central bank re-
sponds to terms of trade and exchange rate fluctuations relative to inflation.
Similarly to Caputo et al (2007) they find that Chile’s central bank responds
mostly to inflation rather than output. They also find evidence of very low
pass-through from the terms of trade and nominal exchange rate shocks to
CPI inflation - implying that the shocks which affect inflation are mostly
domestic, rather than external. A second part of their investigation is to
compare the impulse responses of the DSGE model and the combined DSGE-
VAR model i.e. with an estimated \. These are not very different, except for
the exchange rate responses, and show little persistence. As we find in this
paper, Del Negro and Schorfheide (2008) report strong effects of interest rate
shocks on the output gap and inflation, though those on inflation are not as
strong as our estimate suggest. As with the literature on Brazil, and, in con-
trast with the model we develop below, none of these studies contemplates
a separate role for the credit channel of monetary transmission. Nor do they
consider (with the partial exception of Caputo et al., 2007) an integration of
external debt stock, current account flows and exchange rate dynamics, as
we do below.

3 Methodology
3.1 Types of Structural VARs (SVARs)

Let z; be an n x 1 vector of variables in the macro-economic system. A typical
structural equation in a macro model ( normalized on the first variable z1;)
has the form

20 =2, a1 + 2,101 + Ey(ze01)' v + €1

where €74 is a structural shock and z; is z; less 2z1;. One approach to mod-
elling these systems is structural VARs. The classic version of these are



data-oriented in that their role is to fit the data as closely as possible but
still provide a structural interpretation in terms of the impulse responses.
Indeed it is extremely rare to see the fitted SVAR equations ever presented.
This means that they might well fail to be consistent with theoretical ideas
e.g. in SVAR models used in the literature employing long-run restrictions
Pagan and Robertson (1998) found that the structural equation meant to
be identified as a supply curve was influenced positively by nominal money
growth.

In standard SVARs v, = 0 and various restrictions are placed on ay (
mainly exclusion restrictions) in order to identify the shocks €1;. In particular,
the system is assumed recursive ( "ordered") and is sometimes referred to
as a "just-identified VAR". An alternative way of generating the structural
equations of an SVAR comes from theory-oriented models such as DSGE
models. These impose restrictions ( mainly exclusion) upon «;, §; and 7,
in order to identify the shocks. Our approach is an intermediate one to
these two polar cases in that we use a theory-oriented model to provide a
skeletal structure which is then augmented ( if necessary) to get a better
match to the data. In some ways our approach resembles Del Negro and
Schorfheide’s, except that their focus is on the VAR that is the reduced
form of the structural equations while ours focuses directly on modifying the
structural equations.

Perhaps the simplest way to move from a theory-oriented SVAR to a
data-oriented one is to substitute out E;(z;11) in the structural equations of
the former. An approach that does not utilize any particular theory-oriented
model, and is more robust to model specification error, is to make the ex-
pectation a function of some model variables £,. Then if one regresses z;,;
against &, to get coefficient estimates Al, Ei(z441) could be measured as the
combination w; = Alft.Q This approach was used in the FRB-US model -
see - Brayton et al (1996) - although the variables £, were only a few of those
in the FRB-US system. Notice that, since £, will generally involve both con-
temporaneous and lagged values of the model variables, the resulting SVAR
will no longer be recursive. For example if one had a consumption Euler
equation of the form

ny = Ey(nee1) + 0(i—1 — m1) + ¢

where n; is consumption expenditure, ¢; is a nominal interest rate, m; is an

2If direct measures of expectations were available these could be used.
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inflation rate and e} is a preference shock, then substituting ¢, + &b,
for Eyn;1 will produce the following SVAR equation:

ny = §by + & 1Py + 011 — T1).

Hence the original variables appearing in the structural equation have been
augmented by &, and &, ;. What is critical though is that ¢; and ¢, can be
estimated without reference to any structural model, so that the presence of
these extra variables does not create any extra estimation problems. Even
if there was a coefficient attached to F(n;;1) the estimation issues are not
major, since only a single variable £;¢; + &, ;¢ needs to be instrumented.

Our strategy then will be to construct an SVAR by first setting out a
small theory-consistent model and then replacing the expectations appearing
in it by what would be implied by an unrestricted VAR. Thereafter, we
ask whether the resulting structural equations need to be augmented with
further information ( largely lagged values of the system variables). Thus an
important part of our strategy is the skeletal model that is to be the core of
our SVAR. Whilst many choices of this might be made we will use a relatively
standard New Keynesian model set out in the next sub-section.

3.2 The Skeletal Structure for our Structural VAR

Our starting point for structuring the VAR is a canonical small macro model
that has been used quite extensively in the macroeconomics literature, and
has often been deployed for analysis at both the IMF and various central
banks. It is implicitly derived from optimizing (Euler) equations for con-
sumption and investment (which we aggregate to domestic absorption), a
Phillips-curve type of equation for inflation, an exchange rate equation driven
by uncovered interest parity (UIP) and a Taylor type rule relating the policy-
controlled interest rate to expected inflation and the output gap. Our variant
of it distinguishes between absorption ( n;) and output (y;). Later we will use
a convention that a coefficient o, shows a contemporaneous effect between
xy and 1y, ﬁzy shows the effect between x; and y,_; and Vay 18 between x;
and y;_o. Some license is taken when expectations are involved. Thus . is
the coefficient in the absorption equation that connects n; and the expected
value Ey(7i;41). Thus, the model can be written as:®

3A ~ indicates a log deviation from equilibrium values and a " indicates a levels devia-
tion.

11



iy = Qe By(Rrg1) + (1 — Qe )1 + By Feo1 + €7
Up—nyg = 6yz§t + /Byy*g: + 5ynﬁt + 5%/
T = Qrre By(Tir1) + (1 — Qe )To1 + Qg — Q2 AZ + €f
U = Byt + Cige By + auy e + 572
Z— Bz — (Fe—77) = ¢ +ef

A

= 1=7+AInY,

Te = & — Ey(m1 — Tegr).

The first equation provides a specification for the log of domestic absorption
( n¢) - absorption being GDP minus net exports. It is measured as a log de-
viation from some "equilibrium" value and so should be regarded as a "gap"
variable. Models that emphasize "gaps" are a convenient way of organizing
policy and forecast discussions, allowing one to concentrate separately upon
where one sees the system heading and the path of adjustment to that point.
Most modern macroeconomic models can be written as "gap" models and so
the approach is fairly flexible. The equilibrium value may be a constant or
time varying.* In this case the absorption gap depends upon the real rate of
interest r;. The definition of the real rate will involve an expected inflation
rate. In steady state this would be the target rate of inflation ( 7;) and
so we will work with the real interest rate adjusted for the inflation target,

4The need for the latter often reflects the fact that there are permanent stochastic
components that need to be removed to induce stationarity in the measured gap. Later
we will provide a discussion of such transformations in detail but, even if there were no
permanent components in the data, it is often the case for emerging-market economies
that the equilibrium values to which the system will be adjusting are shifting over time
in response to structural changes in the economy. Consequently, care should be taken
when constructing these gaps and any assessments of the resulting measures should rely
heavily on institutional knowledge of the economy being studied. This knowledge can be
quite informative, not only of the presence of structural changes (such as those in the
transition from high to low inflation regimes and across monetary policy frameworks),
but also of how sensible one’s estimation results appear to be. A striking example in the
empirical macro literature of the problems arising from ignoring country-specific features
in broad cross-country regressions pertains to the identification of the long-run effects of
fiscal deficits on inflation; although solidly backed by theory, these effects are not easily
discernable without properly taking into account country—group specific features in the
estimation strategy. See Catao and Terrones (2005).
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¢, given in (8). In most empirical work with the NK model the target is
taken as a constant, but this cannot be the case for Brazil or Chile over the
whole period of inflation targeting. When the target is varying it may be
reacting to the past inflation rate. Indeed a simple regression of the target on
lagged observed inflation in Brazil does suggest such a relation, although it is
rather weak so we have chosen to treat the target as exogenous. Notice that
no other variable in this model determines the level of absorption, which is
consistent with the standard Euler equation for consumption in DSGE mod-
els.” Implied in such a specification is that the other variables making up
absorption, principally investment, are also functions of a real interest rate.
While it might be worth considering augmenting this equation with some
expressions for the rate of return on investment and other measures of the
actual relative price or cost of capital (including tax wedges for instance),
such measures are not readily available for emerging markets. Notice that
the proposed specification also implicitly captures (through the lagged terms
on absorption) accelerator effects, which are often found to have significant
explanatory power in investment equations.

The second equation is meant to determine output and links the real
GDP gap ( 9;), the domestic absorption gap (72), import and export gaps.
For Brazil the import and export shares are largely the same so that 3, — 7
can be regarded for that country as the log deviation of the current account
from zero. Since imports are determined by total expenditure and the real
exchange rate, while exports are related to the real exchange rate and foreign
expenditure, we simply eliminate imports and exports to produce a relation
linking the output and domestic absorption gaps, the log of the real exchange
2z ( measured as a deviation from steady state) and the foreign output gap
Yi -

The specification assumes that there is no lag between trade flows and
their determinants but, since this is not something derived from any theoret-
ical framework, it will need to be investigated. In fact, it might be thought
that there will be lags because of the delays between orders and deliveries.
Although this equation is fundamentally an identity, because exports and

% As discussed in the next section, we will augment this canonical specification to include
the role of domestic interest spreads - an interest wedge which arises in models with deposit-
and credit-in-advance constraints (see, e.g., Edwards and Vegh, 1997). Since the domestic
interest spread is itself a function of the policy interest rate as well as of a measure of the
supply side of bank credit, this baseline specification for absorption will remain unchanged
except for the addition of an extra term on the "excess credit" measure.
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imports have been replaced by some functional form, it will no longer be so.
Hence we add a shock to it to allow for this. Such a shock is useful since
in many emerging-market countries the opening up of the economy produces
an import surge that is much larger than expected from the price and out-
put elasticities for import demand. Although much of this movement can be
accounted for through a time varying equilibrium value for the import share,
one will probably want some of the changes observed to be captured by a
shock that is persistent.

The third equation provides a specification for the "inflation gap", 7,
where 7; is the deviation of inflation from the target rate of inflation. It
includes the output gap and the "exchange rate gap".® As suggested by
previous studies the exchange rate has a very significant role to play in in-
fluencing the price of tradeables and CPI inflation.

The next equation is a monetary policy reaction function, where ; is
defined as the nominal interest rate less the target inflation rate. The pa-
rameter [3;; seeks to capture the degree of interest rate smoothing in central
bank policy, which is usually highly significant in policy reaction functions
and Brazil and Chile have been no exceptions. In light of evidence from
existing studies reviewed in section II, we do not include the exchange rate
in the monetary policy rule. In our background empirical work, we did test
if the exchange rate should be present and any dependence seemed indeed
very weak.

The exchange rate equation is risk-adjusted UIP. Note that the exchange
rate is defined such that a rise in it represents an appreciation. There are two
shocks in this equation. One, (,, is a "risk premium" that can be considered
as relating to model variables, while the other, €7, is a function of non-model
variables, and is treated as white noise and uncorrelated with (,. As stan-
dard in many real business cycles models of small open economies (see, e.g.,
Schmitt-Grohe and Uribe, 2003), this risk premium shock is generally made
a function of the level of net foreign debt relative to GDP (again measured
relative to a steady state value) but other factors may play a role, such as the
level of domestic interest rates. This is because much of domestically issued
debt in these countries is held by foreigners. These external debt servicing
obligations tend to increase country risk. Inclusion of debt obligations as a

6We have constrained the coefficients in this equation so that they add to one. In
many models they add to the discount factor. Since in a quarterly model this will often be
around .99, we follow a common practice that enforces a restriction that the coefficients
sum to unity. It is known that this aids identification.
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gauge of country risk and a wedge in UIP equations is not only appealing
from a theoretical perspective, but also consistent with recent external de-
velopments in many emerging markets, where a decline in net external debt
has been accompanied by a decline in standard measures of country risk such
as the EMBI spread.

The debt equation is a linearized version of the identity describing how
the level of external debt to GDP changes over time, the derivation of which is
provided in the Appendix. As shown below, the consistency between the debt
stock and flows that this imparts to the model is important and makes an
invertible VAR representation possible. In this equation, the terms of trade
(tf) are taken as exogenously given - a reasonable assumption for a small
open economy. Ww,,, W, are w, are the import, export shares and absorption
shares in GDP, respectively, d is the steady-state ratio of net foreign debt to
potential GDP, and 1/, is the nominal potential GDP growth (AInY;). Note
that since the evolution of the terms of trade and the trade balance shape the
path of net external debt through this identity, and the level of debt would
affect the exchange rate through the risk premium term, those variables will
also be potentially important determinants of the exchange rate, output and
inflation.

3.3 Augmenting the Skeletal Structure

As mentioned in the previous section our first step in extending the skeletal
structure is to replace the expectations Ein;, 1, Fymq and Eyziq by func-
tions of the model variables. In general it will be the case that every variable
affects the conditional expectations, although simulations of theory-oriented
models such as that in Berg, Karam and Laxton (2006) ( using calibrated
values for the parameters) suggest that many of the variables are of little
importance. Now, the skeletal model will have a VAR(2) solution for the
variables if the model shocks followed a VAR(1).” But a VAR(2) would also
be consistent with a range of other models. Thus a reasonable strategy is
to begin by assuming that a VAR(2) should capture expectations quite well
i.e. a VAR(2) in the skeletal model variables is fitted and used to produce

"In fact the solution is a VARX model with two lags in the endogenous model variables
and no lags in the exogenous external variables ( y;,r; and ¢t). If the exogenous variables
are represented as a VAR(1) then the VARX model can alternatively be written as a
VAR(2) in all endogenous and exogenous variables, but with the special structure that the
exogenous variables depend only upon their own past history.
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Eingyq, By and Ez . Because there will be sixteen parameters in this re-
gression, and our data sets are only 40 observations long, it seems sensible to
delete some of the variables from the regressions if they did not seem impor-
tant to the explanation of the variables expectations are being formed about.
Generally we retained a variable in the expectations generating equation if
its t ratio exceeded ( or was close to) two.

The canonical model also needs to be expanded to capture previous re-
search outlined in section 2. We have already augmented the standard NK
model to capture open-economy considerations more precisely. This involved
separating out absorption and output effects as well as introducing an exter-
nal liability equation. A second extension was to incorporate an equation for
private bank credit growth. In the Brazilian and Chilean financial systems,
many firms (particularly smaller and medium-sized) are still largely depen-
dent on domestic banks for funding, and have limited access to international
capital markets. Consequently, this channel might be expected to play a role.
At least it needs to be examined.

Ideally we wish to capture a credit channel effect involving the amount of
credit being granted by banks that is in excess of some “normal” level. Micro-
founded models of the credit channel featuring deposit- and credit-in-advance
constraints as well as costly banking (Edwards and Végh, 1997; Goodfriend
and McCallum, 2007) imply that a wedge appears in the Euler equation gov-
erning absorption. Similar emphasis on the amplification mechanism associ-
ated with bank interest rate spreads is found in the earlier literature on the
“credit view” (Bernanke and Blinder, 1988; Kashyap and Stein, 1994), where
it is suggested that lending-deposit spreads ought to feature in an absorption
equation like (1). As shown in Edwards and Végh (1997) for a typical emerg-
ing market context, such spreads are a direct positive function of the policy
interest rate itself plus a term related to the credit-to-expenditure ratio.®
Therefore it would seem logical to use such a ratio as credit to either GNE
or GDP. But this is a difficult series to work with for both countries due to a
sharp rise in it over the sample period e.g. in the case of Brazil, after being
fairly stable around .24 from 1999 to 2004, it rose sharply from 2004 to be
.44 at the end of the period. Hence it behaves more like an integrated series

8The specific way in which Edwards and Vegh (1997) model bank technology yields a
relationship between the lending and deposit spreads (measured relative to the base inter-
est rate) and the credit to deposit ratio. But since deposit-in-advance constraints imply
that deposits are proportional to expenditure, this directly translates into a functional
relationship between bank spreads and the credit to expenditure ratio.
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over our data period.”

Because of the problems with this data set we use credit growth relative
to a constant level as a proxy. As we observe in the next section, many gap
measures are in fact constructed from the growth rate of a series. So the gap
between the log of the credit to GDP ratio and its normal level would be a
function of the growth in credit less the potential growth rate in GDP. Since
the latter is reasonably constant this suggests that our measure captures the
ideas about excess credit in a reasonable way, but one that is more tractable
statistically, since it is a stationary process.'

Since at any point in time domestic bank credit is endogenously deter-
mined within a system, it is necessary to decide how to account for this within
an SVAR. In order to allow for contemporary effects of credit expansion on
expenditure, we place the excess credit variable before any other variable
of the system i.e. we assume that it is determined only by the past values
of any model variables. To be consistent with some theoretical ideas, we
restrict the explanatory variables entering the excess credit equation to be
absorption, the real interest rate (separated into its nominal and inflation
components), and the real exchange rate. The latter can enter the equation
for two reasons. First, there may be sizeable balance-sheet effects of the type
documented in Calvo, Izquierdo and Mejia (2004).!! Secondly, it is possi-
ble that the non-tradable sector may be more “bank-dependent” than the
tradable sector, as suggested by evidence on some emerging markets (Tornell
and Westermann, 2005, ch.6). Both structural features imply that a real
exchange rate (REER) appreciation will increase real credit demand in the
non-tradeable sector, leading to higher aggregate credit. Although neither
Brazil nor Chile are as dollarized as many other emerging markets, significant
balance-sheet effects may also be present, and they could further strengthen

9The estimated AR(1) coefficient is 1.02.

10 Allowing for the presence of an autonomous component in "excess credit" variable
which is not directly related to the interest rate seems particularly appropriate in the
case of Brazil, where a large development bank (BNDES) accounts for up to one-fourth of
domestic credit and whose lending policies and rates arguably respond to other incentives
and whose lending rates are typically below market rates.

Even though the "dollarization" of private sector liabilities in Brazil is not nearly as
extensive as in many other EMs, it is far from negligible. Starting from negligible amounts
in the early 1990s, foreign currency denominated debt rose to 36% of total corporate debt
in 1999, reaching 40% in 2002 (Bonomo, Martins, and Pinto, 2004, Table A.2). Using
a large panel of firm-level data, Bonomo and others (2004) also find that balance sheet
effects of currency movements have significant effects on credit demand and investment.
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the positive impact of a REER on domestic credit. Section VII provides
supportive econometric evidence that real exchange rate appreciations tend
to foster domestic credit growth for Brazil but not for Chile.

We now need to make some specific comments about how the canonical
model is to be augmented following the elimination of expectations. Thus
for the absorption equation we might ask if the real interest rate should be
replaced by the nominal rate and the expected inflation rate. There are many
rigidities in the economic system that result in a given change in the nominal
interest rate having a stronger effect in the short run than an equivalent
change in the real rate would have e.g. the front-end loading of any loans
means that real repayments rise sharply as nominal interest rates change.
This is a "disequilibrium" effect and is about the transitional path back
to a steady state. Considerations such as this might lead us to work with
nominal interest rates and inflation separately —both measured relative to
the inflation target—rather than combining them together in the form of a
real interest rate variable defined as the nominal interest rate minus current
expected inflation.'>  Other extensions that were considered were to add
higher order lags in the structural equations e.g. n;_ o might appear in the
absorption equation. The need for such higher order lags was often suggested
by the fact that there was serial correlation left in the individual equations
of the skeletal SVAR. A second lag in the dependent variable was sometimes
found to be needed. Because it is often the case that the coefficients of the
two lags appear with opposite signs it is worth noting that a term such as
az_1+bz_1 (witha > 0,0 < 0, |b| < a) can be written as (a+b)z;_1 —bAz_;
i.e. there is both a levels and growth effect.

Estimation of each of the equations was done with instrumental variables.
This was done partly to avoid the fact that systems estimation requires that
the complete specification of each equation be correct to yield the expected
efficiency gains. Otherwise partial inflation methods and use of instrumental
variables should be preferable and this is the route we take here. In doing
so, some rules governing the selection of instruments need to be given. First,
any exogenous or lagged variable appearing in an equation will be taken as
an instrument for itself. Second, E; 17, E;_17; and E;_1Z; from the VAR(2)
were used as instruments for n;, 7; and Z;. If ¢, and 7; are present in equa-

12To the extent that target inflation is fully credible it would equal current expected
inflation, so that the adjusted interest rate variable we use in regressions would be the
theoretically relevant measure of the real interest rate in the Fisherian sense. This is
consistent with econometric results reported in section VII.
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tions we use the estimates of E;_;7; and F; 1i;; from the VAR ( without
simplification). Finally, residuals from structural equations further up the
system were taken to be suitable instruments. Thus the residual from the
credit equation is used as an instrument in the absorption equation. This can
be justified if the assumption used in many DSGE models that the shocks
in the structural equations are mutually uncorrelated with one another is
valid. If the number of instruments equalled the number of variables in each
equation, and residuals were among the former, then we would be enforcing
this restriction. This is not strictly true however if we have an excess of
instruments, but using the residuals as instruments does tend to enforce it.
In some cases the residuals can be good instruments e.g. the correlation of
e with 7y is .65 (Brazil) and .56( Chile), but in other instances we might ex-
pect that the conditional expectation would be a more powerful instrument.
After estimation we checked if the shocks were mutually uncorrelated and
the correlations were not significantly different from zero. It is desirable to
have uncorrelated shocks for well defined policy experiments.

As noted previously, our convention is that a coefficient oy, shows a
contemporaneous effect between z; and y;, 3,, shows the effect between z;
and y; 1 and Vay 18 between z; and 1;_5. Thus the credit growth equation
for Brazil could be written in the form

pet = BeelCi-1 + Beyli—1 + Beiti-1 + BeoZio1 + VerZi—2 + €
while the absorption equation might be written as

n = ane(EtﬁtH) + (1 - Oéne)ﬁtﬂ + Bnr@ffl - Etﬁ't+1) +
QnePCt + B,.PCt—1 + €

For the equations generating expectations we add a superscript ”e” to the
coefficients. Hence we might have

~ e A e z e ~ e ~ e z
Byt = o e + Qf 2 + a0 U + o, + 7,201

3.4 Stock-Flow links in the SVAR representation

As discussed above and unlike many SVAR studies, we allow for a stock
variable (external debt) to be present in the system. One may ask about
the econometric benefits (or pitfalls) of having such a stock variable in our
structured VAR specification, i.e., is there any important difference between
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a system with just flow variables and one that also incorporates a stock of
debt variable. To see the benefit, consider a simplified model in which there is
a desire to stabilize the level of debt relative to some target by manipulating
a variable such as the primary deficit to achieve that. If z; is the primary
deficit and d, is the stock of debt, defined as a gap relative to its desired
equilibrium value, debt will accumulate as

Adt = Zi‘t,

where we assume a zero real rate of interest for simplicity. In our case z; will
be net imports so in order to stabilize the external debt we need assume that
the authority responsible for this task follows a rule of the form

Ty = aa?t,l + Cgt +e, a< O,
where 7, is an output gap. Then
ACZt = aa?t,l + Cgt + €, (9)

and the debt gap converges to zero since y; is a stationary process.

Now suppose we attempted to use an SVAR which did not include dy i.e.
it only consisted of Z; and g, as is common with many fiscal VARs and open
economy studies. To see the effect of this we need to solve for d; and then
substitute that variable out of the system. From (9) this gives

dy=(1— (1+a)L) " egs + e,
so that the sustainability rule can be expressed as

Ty = a(l—(1+ a)L)_l[cQt_l + 1] + ¢l + e
(14 a)Zi—1 + acf—y +ae,_y +cfy + e, — (1 + a)(cf—1 + e—1)
= (1 )xt,l + CAgt + Aet

The error term Ae; is a non-invertible MA(1), meaning that there is no SVAR
representation for #;, §; (there will be another equation for ¢, in the system
but it may or may not involve the level of debt). Thus in this case compression
of the set of variables results in a VARMA process but, importantly, one in
which the MA term is not invertible.
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4 Data

4.1 Brazil

We restricted out sample to the I'T period as a response to evidence that
there have been large structural changes around the point of its introduc-
tion. Limiting the estimation to the post-1998 period is advisable in light of
evidence from Tobini and Lago-Alves (2006) which suggests significant struc-
tural changes in inflation dynamics and exchange rate pass-through in Brazil
before and after 1999, and the far-reaching changes in the price indexation
system and inflation dynamics since 1995 (see Minela, 2002).

Seasonally adjusted national income account data was taken from IMF’s
International Financial Statistics (IF'S) and the Brazilian Planning Ministry
Research Institute (IPEA). Domestic bank credit to the private sector was
taken from the same sources and seasonally adjusted using the X11 routine
in AREMOS. The real exchange rate series is from the IMF and is computed
as a weighted average among nearly all trading partner using CPI deflators
and 2000 weights. The indicator of world real income has been computed as
the trade weighted average of real GDP of main trading partners accounting
for over 80 percent of Brazil’s trade.

The inflation variable is seasonally adjusted CPI including all items —
administered and “free market” prices. While it has been customary to sep-
arate the two on account of the belief that “administered” prices have a
stronger backward-looking adjustment component (largely due to the nature
of the multi-year contracts between the government and the new incumbents
in the utility industries privatized during the 1990s), we see this distinction
as somewhat artificial. For a number of reasons it can be potentially mis-
leading for the purposes of setting the monetary policy stance and perhaps
irrelevant if the task at hand is indeed to model aggregate inflation. A first
reason is that administered prices still respond to demand pressures, even if
with a longer lag, because of backward-looking indexation clauses in the un-
derlying concessional contracts. Second, although utility prices are typically
key inputs to “free market” prices, the interaction between two is certainly
complex and even though one might add both series into a VAR, this would
be unlikely to addressing such complexity. Thirdly, the extent to which wage
earners make such a distinction between the types of inflation is unclear: if
they only care about overall inflation, second-round effects will stem from
this, and so reduce the advantage of decoupling the two inflation rates. For
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these reasons, the estimation results reported below refer to the “all item”
CPI.

To parameterize (6) we need w,,, w, and d. These were replaced by the
average average import, export and net debt ratios to GDP over 1999-2009.
Because w,, and w, were virtually the same over this period we fix them at
.11. The average growth rate in real GDP over the period and target inflation
(4.5% in recent years) have been used to compute 1. This makes it 1.9% per
quarter.

4.2 Chile

As with Brazil, we restrict our sample to the post-1999 period and use quar-
terly data throughout. Seasonally adjusted national income data was taken
from the IMF’s International Financial Statistics and the Central Bank of
Chile. The real exchange rate series is from the IMF and is computed as a
weighted average among nearly all trading partner using CPI deflators and
2000 weights. The indicator of world real income has been computed as the
trade weighted average of real GDP of main trading partners accounting for
over 90 percent of Chile’s foreign trade.

To parameterize (6) we need w,,, w, and d. These were replaced by the
average average import, export and net debt ratios to GDP over 1999-20009.
Because w,, and w, were set at the average over the period. Likewise, the
average growth rate in real GDP (around 4%) and target inflation (3%) have
been used to compute 1. This makes it 1.95% per quarter.

4.3 Producing Gap Measures for both Countries

Gap measures are present in the skeletal model we use and so estimates of
them must be made. In many cases the permanent component is extracted
with the Hodrick-Prescott (HP) filter. To explain why we do not do this we
note that Harvey and Jaeger (1993) pointed out the HP filter can be regarded
as extracting a permanent component P, from a series z; by applying the
Kalman Smoother to the state space model
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n = P+1T;

A2Pt = U
T: Ut
N = var(ug)
var(vy)

The model clearly implies that

AQZt = A2Pt + A27—;§
= v+ AQUt = €¢

= e+ o161+ Qe o,

where e; is an uncorrelated process. Setting A = 1600 we find that o =
—1.77, ay = .8. Fitting this model to Brazilian GDP data over 1999/1-2009/1
we get a; = —.95, ap = —.05. Of course this process has a common unit root
to the MA and AR parts which cancels, implying that the log of Brazilian
GDP is an I(1) process, which contrasts with the implied /(2) model when
using a HP filter.

This suggests that we want to utilize a measure of the permanent com-
ponent of a series that is extracted under the assumption that data is I(1).
One such filter that does this is the Beveridge-Nelson (BN) filter. The logic
of this is that the permanent value of z; is

P = FEi(200) = E{z + Z Az}
j=1

o
= zn+E Z Azyyj,
j=1
so that the transitory component is z; — P, = —F, Z;; Az ;, and this is

the "gap". Thus it is necessary to prescribe a model for Az, in order to
be able to compute the transitory component. In the situation when Az; is
an AR(p), E; Z;’il Az y; will be a linear function of Az, Az_1, ..., Az_pi1.
Hence the BN measure of the output gap in that case is constructed as the
negative of an average of growth rates. Notice that this means that one will
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see a negative relation between the output gap and growth, so that regressing
inflation against the growth in output should produce a negative coefficient
on the latter.

It is sometimes said that the problem with the BN estimate of an output
gap is that it is not smooth enough in comparison with the HP filtered
estimate. If one uses a low order AR process to approximate Ay, this may well
be true but, when a higher order AR is adopted, it is often much smoother
(see, e.g. Morley, 2007). The intution is that the gap is constructed by
averaging growth rates, and that will generally result in some persistence in
the output gap measure. However, the greater smoothness seen with the HP
filter comes from two sources. One is the assumption that the permanent
component evolves very smoothly i.e. it is (2), and the other is that it is a
two-sided filter, and so is using weighted averages of growth rates into both
the past and the future. To see this we HP filtered the Chilean log of GDP
series and then regressed this against three lagged and forward values of GDP
growth. That produced a regression of the from

g = 59Ay,+.19Ay, 1+ 19Ay; 1+ 11AY, 1 — 540y 11 —.09Ay, 0 —.26Ay; 3.

Sixty four percent of the variation in §/% is explained by these variables,
but only 24% by the lagged and current values of Ay,. Hence the BN filter is
unlikely to approximate the HP one very well, while it remains a one-sided
filter. The relation between the HP filtered gap and growth rates seen above
shows that there are clear econometric issues the former as a regressor since
future values of the growth rates are involved. Indeed in Laxton et al. (1992)
it was found in a simulation experiment where the potential level of output
actually followed an I(1) process, that using the output gap found with a HP
filter produced an estimate for the parameter on the output gap in a Phillips
curve that was well below the true value used in producing the simulated
data.

In each case the BN filtered output and absorption gaps were found by
fitting an AR(4) to growth rates over the sample period. When it comes to
measuring the foreign output gap a difficulty arose in that the appropriate
series (the trade-weighted GDP of Brazil’s and Chile’s trading partners) have
growth rates that are extremely persistent - over 1999/1-2009/1 fitting an
AR(1) to Brazil data gave a point estimate of the AR(1) coefficient of .99.
Hence, in this case, the BN filter is not the appropriate one, and the HP filter
is much closer to what is needed. Since we have no model of trading partners

24



GDP ( this is treated as exogenous) there seems to be no reason not to use
the HP filter on that data to produce a foreign output gap.

5 Model Estimates

We will present the estimated structured VAR models for Brazil and Chile
along with the impulse responses to a 100% basis point rise in the annualized
interest rate and a 1% point rise in the growth rate in credit. It should be
borne in mind that these rises are relative to the steady state levels and
that all variables in the equations of the model are intended to be measured
that way. Thus what is being explained is the nature of the adjustment
process back to equilibrium. There may be forces here that are not present
in equilibrium e.g. as noted earlier nominal interest rates may affect dis-
equilibrium expenditure but in equilibrium we expect that expenditure will
be governed by the real rate of interest.

As we observed in the introduction it is rare for those using SVAR models
to present the structure. Rather, only impulse responses are given. One
reason for this is that it is quite possible to have "sensible" impulse responses
resulting from what might appear to be "odd-looking" structural equations.
Indeed it has been our experience that this is very common. But there are
three compelling reasons to present the structural equations of our model.

1. It enables one to see how the skeletal model needs to be modified to fit
the data. This has some information for those who wish to just work
with a theoretical model that is close to our skeletal one. There are in
fact quite a few papers that utilize variants of our skeletal model for
policy analysis in emerging economies.

2. It is sometimes useful to be able to refer back to structural equations
when seeking to determine an explanation for either the pattern or the
magnitude of impulse responses. Indeed, one can conduct sensitivity
analysis by varying the estimated structural parameters to see what
the effect would be of adopting alternative parameter values. Given the
small sample sizes it seems unlikely that we can precisely determine the
values of these parameters, and so it is useful to be able to assess how
sensitive the conclusions are to the point estimates of the structural
equations used in constructing the impulse responses - a central theme
in Del Negro and Schorfheide (1998).
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3. A "full disclosure" principle seems a desirable attitude to have in em-
pirical work. This would seem to demand the provision of information
on the structural equations, even though this rarely done.

In the model we have annualized inflation and interest rates. This means
that the UIP equation has to be changed accordingly. Gaps are converted
to annual percentage values. The debt ratio is measured as net debt to
annualized GDP. Estimation was done with Microfit Version 5 and simulation
of impulse responses with DYNARE.

5.1 Brazil
5.1.1 The Model

The structured VAR that was fitted is given below. Absolute t ratios are in
brackets.

pee = —.38pci—1 +6.217, 1 — 6991 + .59Z; 1 — .34Z o + €7
(2.4) (1.6) (1.0) (3.2) (1L.7)
iy = 80E(fsr) + 20—y — 0471 + .01pc + .02pc,_q + €7
(4.9) (2.2) (1.6)  (2.5)
Go— iy = 67 — 6495, — Tli, — 013 + 015, — .083,_; + &V
(4.0) (3.8) (2.6) (.9 (1.0) (3.2) (10)
7 = 63E,(fu1) + 3771 + 147, — 163, + 1551 +&F
(4.9) ((12) (2.8) (2.4) (11)
i = 1.244,_1 + 36,741 + 467, — 360, o + €}
(9.5) (3.4) (.6) (3.6) ) (12)
O, = 2T(Z_1 — Ey_1%) — 4311 + 567 | + .28d;_,
(1.1) (2.8) (2.9) (2.1) (13)
+.17%1 + .08E, 17 + €} (14)
(1.93)  (.47) (15)
Uy = Z— B — (7o —77) /4] (16)

26



The equations generating expectations were

Bty = 401w, — 2902 + 2572, + 3.76y; — 2.73n,
Engyy = —.028i + .01842 + .010672:—; + 1.22y, — .539n; — 421104
Ezyn = .65z — .104y, — 1.38n; — 2.46m4_1 — .5bd,.

In constructing these equations we were aware that a small number of
observations were being used and this probably meant we should err on the
side of caution. Consequently, we tended to use the basic rule that a variable
was left in the structural equations if it had a t ratio greater than unity. This
is the equivalent of applying AIC to decide on a whether a regressor should be
retained. In some instances we introduced a variable into the model although
it was not significant. One reason was when it was supposed to be present
the skeletal model and so this shows that there is evidence in the data against
that part of the model. But in other cases it was our attempt to respond to
what were likely to be a queries from a reader.

Looking at the equations we start with the credit growth equation. It
is negatively affected by interest rates ( and it seemed to be nominal rather
than real, although it should be remembered that these rates are relative
to their equilibrium rate which includes target inflation) and positively by
excess demand. The high magnitude of the coefficient on the output gap is a
response to the very high growth in credit relative to GDP. This suggests that
more attention has to be paid to getting a better "excess credit" variable in
the face of major changes in credit availability over the sample period. The
positive exchange rate effect that might have been expected from earlier
comments is also observed.

Credit growth then augments the absorption equation provided by the
skeletal model. It seems to play a significant role in affecting absorption'® .
Apart from that introduced variable, another item of interest is that forward-
looking expectations seem to dominate the backward component ( .8 versus
.2). For many advanced economies this might be regarded as unusual but it
is consistent with the conclusion of Caputo et al (2007) for Chile. However
the standard error of .16 would mean that setting the coefficient to .5 would
not be inconsistent with the data. In fact we would accept that hypothesis
at the 7% level.

13Tt should be noted that the equation actually estimated involved An, as dependent
and E¢(niy1 —ng—1) as a regressor. We used F;_1n; and n;_; as separate instruments for
the latter variable. This was also true of the inflation equation.
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Since the skeletal model would have an identity for GDP connecting
absorption, imports and exports, one would need import and export price
and income elasticities to complete it. Instead we have just fitted a regression
that aims to capture these missing functions. Because the import and export
shares are much the same in Brazil the dependent variable is basically the
deviation of the current account from its steady state value. The terms are
much like what we would expect, although the exchange rate effects might
be regarded as weak and the exchange rate appears to enter as a change. No
lags in absorption were significant in this equation. An odd variable was the
lagged interest rate. It was quite important however and can’t be dropped
from the equation.

The inflation equation is close to the skeletal one although the output
gap is not significant and we could not find any lagged value of that was. An
experiment was made with replacing the output gap with the absorption gap
but there was no difference in outcomes. It is not unusual to find that this
parameter is hard to pin down. The prediction by the skeletal model that it
is the change in the exchange rate which affects inflation is easily accepted
but we have chosen to leave the exchange rate in level rather than difference
form.

The interest rate rule uses an absorption gap as a measure of cost pres-
sure, although it is not significant. Replacing it with the output gap gave
a negative coefficient, albeit insignificant. Because the skeletal model works
with a positive coefficient on the output gap we left the absorption gap in the
equation to represent demand pressure, but it should be borne in mind that
this could easily be set to zero. The most striking difference to the skeletal
model is the presence of a second lag in interest rates. As noted earlier this
equation can be re-written in terms of a first order lag of the policy interest
rate with a coefficient of 0.88 and a lagged change in the policy rate with
a coefficient of 0.36 i.e. .88%;_1 4+ .36A%;_;. This is very important to the
specification. If we omit such a second-order lag then both the absorption
gap and expected inflation terms would have estimated negative coefficients.

The exchange rate equation is more complex than habitually found in the
literature, particularly in the stylized DSGE models used to fit these coun-
tries reviewed in section 2. It is worth thinking about its form by generalizing
the skeletal model through a replacement of F;Z;.1 by {¢Z;_1+(1—¢)EiZ.1}.
This is done in a number of empirical implementations of theoretical models
(see e.g., Berg et al., 2006). That would produce the first term on the right
hand side of equation we estimate except for a term ¢(E;z 1 — Ey_12). But
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when this latter term is added to the regression it has a zero coefficient. The
lagged nominal interest rate might appear odd. But once again we note that
it is measured as a deviation from an equilibrium rate and includes the ex-
pected inflation rate, and so it cannot be thought of as a purely nominal rate.
In any case it simply reflects the well known failure of UIP in exchange rates
in the short-run. We have included a lagged inflation rate in the equation to
show that this is not accepted by the data. When fitting this equation we
observed that the residuals from it were correlated with earlier ones, so we
added them in as regressors so as to impose the orthogonality condition.'*
This had little effect on the coefficients reported above.

5.1.2 The Impulse Responses

Figure 1 gives the impulse responses for the 100 basis point rise in interest
rates and figure 2 contains those to an increase of 1% in credit growth. As
well as measuring the effects on the output gap 7, we also give the impact on
Ag;. Because 7 = InY; —InY,” we have Ag; = AlnY; — AlnY,”, and, in the
BN scheme, AInY;” is driven by a white noise permanent shock. Since both
the interest rate and credit growth shocks are not permanent, the impulse
responses for Ag; to them will be the same as the growth rate effects. Hence
these show the annualized GDP growth rate change to a shock.

First the interest rate rise. The strong exchange rate appreciation is
probably what produces the inflation response rather than the output gap
effect. There is no "price puzzle" or "exchange rate puzzle" in the results.
The bulk of the effects take place within five quarters. This entails a much
shorter lag than in traditional closed economy models, based on what existing
estimates show for the US and the Euro area (see, e.g., Angeloni et al., 2003).
It is consistent, however, with well-known features of the Brazilian economy
as well as other EMs, including the greater share of short-term credit in
overall domestic credit and still substantial exchange rate pass-through. It is
apparent from the movements in the gaps that the effect on output growth
(dy) is larger than on absorption growth. Two reasons can be advanced for
this. One is the negative effect of the exchange rate upon GDP, leading to
export reduction and import substitution. The other is that the appreciation
of the exchange rate leads to some short-lived rise in credit growth as balance

14Because this specification does not need instrumental variables the assumption of
uncorrelated shocks is not used in estimation unless we make them regressors.
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sheets strengthen, and that would stimulate expenditure. Higher onshore-
offshore interest differentials appreciate the real exchange rate (UIP-type
effects) and boost external debt (e.g. through the carry-trade). Consistent
with the underlying theory, the impulse responses would suggest that the
initial real exchange rate appreciation also tends to boost non-tradable sector
demand for bank credit (through both higher relative price of non-tradeables
and a positive balance sheet effect), somewhat offsetting the negative effect
of monetary tightening working through the inter-temporal channel. Yet, the
latter appears to dominate eventually, leading ultimately to an eventual fall
in excess credit.

Turning to the experiment involving credit growth, there is a rise in ab-
sorption and, after one period, to a rise in inflation. As expected, absorption
growth increases initially by around .02% p.a. but rapidly disappears as in-
terest rates rise and there is an exchange rate depreciation from the higher
absorption. The same rise and fall is true for inflation. Given there have
been very large movement in credit growth - with a modal value of about
20% - the impulses above understate the impact of credit, since the "norm"
is not 1% growth but a much larger one. In fact historically one the standard
deviation in credit growth would be close to 10%. The effects of credit seem
to be stronger than in developed countries's.

5.2 Chile
5.2.1 The Model

The structured VAR is fitted over 1999/1-2008/4 and its equations are given
below. As for Brazil absolute t ratios are in brackets. The import, export and
debt ratios were set to their averages over the period and the nominal growth
in potential GDP was set to 1.95% per quarter, following from a potential
growth rate of 4.0% p.a and target inflation of 3% p.a.. The answers are not
sensitive to this choice.

15See the discussion by Eichenbaum (1994) on the difficulties faced by empirical work
in the identification of credit channel effects in the US, for which longer and better data
and more disaggregated empirical evidence are available.
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pee = 26pci_q — .T40_1 + .49pci_o + €

(1.9) (1.4) (3.5)
e = TAE(Figpr) + 2671 + 027, 1 — 067, + .02pc; + &}
(7.1) (.3) (1.0)  (2.5)
Jo— e = 17§ — 98, — Sy — 0251 + .02pc, + &V
(2.0) (8.8) (5.9 (2.5)  (2.5)
# = BIE(Fip1) + Alfy + 047, — 033, + 0231 + .0lpc, + eF
(11.6) (4) (26) (19) (1.0)

i = 1.03%_1 + 18Eft;41 + 519 — 298 o + &t
(7.4) (3.4) (1.8)  (2.4)

W, = 350, + 5151 — 275 4+ 21d, + &7
(20)  (46)  (27)  (2.0)

Y, = Z—EZ — (i — 7 —77)/4)

The equations generating expectations were as follows.

Efte = 1467, — 527y — 643, + 47, — 3501 + .02pc,_1 + 227}
EtﬁtJrl = —.11@/71 + .0777'1571 + 48:% + 67ﬁt - .4177Lt71 + .ngCt
Bz = 1.380 + 603 — 245, — 15pce_y — Abd, + 3.945F — 225" .

In fact the equation for the expectations of inflation has been altered from
the unrestricted estimates on 7; and 7;_; of 1.49 and -.68. The polynomial
(1—1.49L + .68L%) = 0 has complex roots and this caused oscillations in the
impulse responses, so we forced this polynomial to have real roots. A test
of the imposed coefficients against the unrestricted ones gave a y? that was
accepted at the .09 level of significance.!

There are some notable differences to the Brazilian case. First, no expen-
diture effect or exchange rate effect on credit growth could be found. Second
it was not possible to find a negative effect of the lagged real interest rate on
absorption ( we show that in the table) and the second lag seemed to require
a "nominal" rate, although as we have observed in connection with Brazil the
interest rate is adjusted by the target inflation rate.!” In terms of the output

16The magnitude of the responses was the same and this just eliminated the oscillations.
17Tt could be this reflects substantial credibility for the Chilean central bank.
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( "current account") equation the main difference is that the lagged interest
rate effect in the Brazil case was not present, but there was now a credit
growth effect instead. There was also a direct effect of credit on inflation
although it is rather weak. The equation for inflation proved troublesome. It
was impossible to find a significant positive effect of either the output or ab-
sorption gaps. Lagged terms invariably had negative coefficients. This may
point to some difficulties in estimating the output gap, as the series emerging
from the BN filter fluctuated a lot. The interest rate equation resembles that
for Brazil in having two lags of the interest rate and also having a significant
positive response to expected inflation. Unlike Brazil, the output gap sig-
nificantly enters the Taylor rule and the (inflation-target adjusted) interest
rate response to expected inflation is milder (about half of the size). In the
Chilean case, the estimates of the coefficients on the output gap and expected
inflation remain quite sensible if we dropped the second lag of the interest
rate, although there was obvious serial correlation in the residuals, and this
was removed by the addition of the second lag in the interest rate to the rule.
It is notable that the coefficient on expected inflation is less than 1 — (., — v,
and so the "Taylor principle" fails. There are two reasons why this does not
lead to explosive inflation. One is that there is an exchange rate loop and
the other is that expectations are generated separately from the structural
model.

5.2.2 Impulse Responses

It is first worth noting that if a recursive SVAR(1) or SVAR(2) was fitted
to a standard ordering of variables {y;, ¢, i, 2;} one would find that a rise
in interest rates causes a rise in inflation and an initial depreciation in the
exchange rate. This remains true if one expanded the system to the full
set of variables {pc;, ng, ys, 7, it, 21, dy }. Hence the impact of a 100% basis
point rise upon variables from our structured VAR given in Figure 3 is very
different. Results are similar to Brazil but the impact on output, absorption
and inflation is much stronger for Chile. Relative to Brazil the absorption
response is greater as well. The reason for these effects would seem to lie in
the very strong exchange rate appreciation. Prima facie it might seem that
this is a consequence of the strong effect of interest rates on exchange rate
expectations. Since that coefficient estimate had a standard error of .43 we
reduced it to .5. However the peak inflation reduction was still 1.9%, and
therefore the source of the strong exchange rate appreciation is not due to
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expectations formation. One difference to Brazil is that the rise in interest
rates has a strong negative effect on credit growth as there is no offsetting
exchange rate effect in the credit equation.

A shock of a 1% increase in credit growth was applied to the model.
The results are given in Figure 4. Again the results are similar to Brazil
although considerably stronger. Unlike Brazil however the depreciation of
the exchange rate is very minor and a strong appreciation follows due to
the interest rate rises. The standard deviation of the credit growth equation
shock is around half of that for Brazil and so adjusting for this the effects of
credit growth in both countries would be more comparable ( this could also
be said about interest rates as the standard deviation of the interest rate
shock in Chile is around half of that in Brazil)

6 Conclusion

The adoption of I'T in EMs was met with some skepticism by an early litera-
ture on monetary regime choices in the wake of the emerging market financial
crises of the 1990s, since there was little (if any) evidence of well-established
channels of monetary transmission in EMs similar to those observed in ad-
vanced economies.!® Subsequent developments indicated that this view was
off-the-mark: several EMs have since moved to IT regimes and succeeded in
achieving low inflation and macroeconomic stabilization. Yet, there remains
a paucity of model-based empirical studies that seek to identify the channels
though which such a monetary transmission mechanism works in EMs.
This paper has laid out a structural model which incorporates key features
of EMs in a manner parsimonious enough to be estimated with existing
data and which aims to potentially capture some of the main features of the
monetary transmission channels. These features include internal factors such
as the role of a bank-dependent domestic sector and the impact of bank credit
on aggregate demand, as well as external factors involving country risk, the
exchange rate and it’s pass-though into domestic prices. In particular, and in
contrast with other variants of the basic canonical model, ours separates out
the effects of monetary shocks on the two gaps for absorption and output,
allowing us to trace the impact of monetary shocks on the trade balance itself,
which in turns feeds back into external debt accumulation, country risk, and

18See Mishkin (2004) for a survey of these views and Masson, Savastano, and Sharma
(1997) for an early predicament of the inadequacies of an IT framework in EMs.
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the real exchange rate - this being a channel infrequently highlighted in the
monetary transmission literature, but particularly relevant in recent years
given major swings in the terms of trade and external balances in these
countries.

An SVAR representation of the model was derived and used to exam-
ine the Brazilian and Chilean experiences with full-fledged IT regimes since
1999. Brazil offers an interesting case study in this regard, not only because
it is a large and systemically important emerging market economy for which
reasonably good data exist, but also because - arguably in an effort to build
further credibility - monetary policy has been consistently responsive to in-
flation developments. Arguably this response has been aggressive, giving rise
to large swings in real interest rates and exchange rates. In the case of Chile,
a more consistent and IT- oriented regime has been in place for nearly a
decade (since 1991) and central bank credibility was higher to begin with.
Moreover, greater openness of the economy, heavier reliance on commodity
exports, and other differences in economic structure make it an interesting
comparison benchmark for the fit of the proposed model.

Our SVAR estimates for both countries yield very sensible results. Indeed,
no "price puzzles", "exchange rate puzzles" or any counter-intuitive results in
impulses that are often found in previous VAR studies show up. This suggests
that the proposal of a DGSE skeletal model as the basis of a structured
VAR representation might provide a useful approach for examining monetary
transmission in other EMs that are operating I'T regimes.

A common finding for both countries is that, compared with evidence for
advanced countries and notably the US, the transmission mechanism oper-
ates with shorter lags: the bulk of the effects on output and inflation take
place within five quarters. This is arguably consistent with structural factors
(e.g. shorter maturity of domestic credit) and the still considerable (albeit
no longer as strong) weight of the exchange rate and imported inflation in
domestic currency pricing that is often mentioned in the literature.

Second, and as alluded above, the ‘exchange rate effects on disinflation
are non-trivial. This is all the more interesting for Brazil as it is still a rela-
tively closed economy to foreign trade with ratios of exports and imports to
GDP below 15%. In both countries, the exchange rate response to domestic
policy interest rate changes is sizeable. In both countries, net external debt
accumulation has a significant bearing on deviations from UIP. This is con-
sistent with structural models based on interest parity with an endogenous
country risk premium. These have featured in the literature of other coun-
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tries but have not been as prominent in previous work on Brazil and Chile.
In this vein, the strong exchange rate response to such risk-adjusted interest
rate differentials helps explains recent episodes of large real currency swings,
as both net external debt and onshore-offshore interest rate differentials have
varied widely in recent years.

Another novelty of the paper relative to previous studies is an allowance
for the role of bank credit in the monetary transmission mechanism. To
keep things tractable and limit the imprecision of estimates given the short
time series available, such a credit channel has been parsimoniously mod-
eled. Despite the limited data, it suggested a non-trivial role for bank credit
in monetary propagation in both countries, since policy interest rates changes
affect credit growth and the latter significantly affects absorption. Moreover,
at least in the case of Brazil, such a credit channel plays an intra-temporal
role in moderating the impact of monetary policy shocks on absorption via
exchange rate effects: while higher interest rates reduce absorption through
the standard inter-temporal effect, it also boosts bank credit demand via a
short-run exchange rate appreciation that monetary tightening typically en-
tails. The attendant balance sheet and/or wealth effects arising from such
currency appreciations (particularly for non-tradable producers which tend
to be more dependent on bank credit) thus mitigates the otherwise stan-
dard contractionary effect that monetary tightening has on absorption. Even
though the contractionary effect wins out in the aggregate, it appears that
such an effect is somewhat mitigated by the intra-temporal exchange rate
effect. We also find an independent role for credit shocks (which may just re-
flect changes in reserve requirements and other regulations, as well shocks to
intermediation efficiency). Our estimates suggest that there are non-trivial
effects on output and inflation in both countries although these are quite
short-lived in the case of Brazil.

An obvious practical implication is that policies that affect bank credit
directly have an important bearing on output and inflation in both countries,
at least in the short-run. This may incidentally help explain the relative
shallowness of the recent financial crisis in both countries, despite the sheer
size of the external adverse shock to these countries’ terms of trade, trading
partners income, and country risk. As counter-cyclical credit policies in
both countries were far-reaching, this mitigated the fall in absorption and
prevented a bank crisis which - given the significance of the estimated impact
on absorption - would have greatly added to the contractionary impact of
the external shock.
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8 Appendix: Derivation of External Debt Equa-
tion

Let D} be net external debt in foreign currency, M; and X; be import and
export tarde volumes, i; the foreign (risk free) interest rate and s; the country
spread over the foreign interest rate. Then

D; = (1+1i) Dy + py, : My — pj 1 X
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Dividing through by the nominal foreign currency value of potential GDP
(P.QE;) we have

Dy 1 TT,
1+i¢)Df  +—M, — —X
E:Q.P, = (4D + QZ " Q!

where 7, = % is the real exchange rate and TT; = ;f”’t is the terms of

m,t

dy =

trade. Hence

) 1 TT;

d, = (14+4,)(1—=Ae dig + —M, — —X
t ( t)( t)( ¢t) t—1 QtZt QtZt t
- 1 TT,

= (1 + Zt)(]. Aet)(l wt)dt 1 + QtZtM QtZt Xt

where ¢, = m;+ ¢, and q is the growth rate in potential GDP. Log-linearizing
the term (1 4 4,)(1 — Ae;)(1 — ¢;) around equilibrium values ¢, Ae = 0 and

1 gives

di = 1+ —=0)diy +di1[(1 — )iy + (1 +79)(1 — ) Aey
— (14 2)7y) + wn (Mg — 34) — wa (T — 2 + thy)

where wy,, and w, are equilibrium import and export shares of potential GDP.
Now in order that d; has a steady state level we will need i« = ¢ meaning
that

dy = dioy +dia[(1—)i — (14 Z)QZJ |+ Wi (2 — 2)
—wm(ft — 21‘/ —+ tlgt)

Defining d as the steady state debt to GDP ratio, d, as the deviation around
this, and ignoring interaction terms with d; _; we will get

—wm(ft — 7:'t + tft)
From the log-linearized national income identity
Yp = WpNy + Waly — WMy
we get
Ady = d[(1 =) — (14 D)) + walty — G +
(We — W) 2 — wytty
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