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Jide Lewis

Sovereign debt
sustainability

In Jamaica: a risk
management approach

1. INTRODUCTION

The sovereign risks associated with high levels of public debt and
the significant exposure of banking institutions to these debt in-
struments have received considerable attention from economic
policy makers in recent years (see, for example, World Economic
Outlook, September 2003). Reflecting this growing concern, policy
makers have focused attention on developing frameworks which
can assess the vulnerability of emerging economies to debt default
and mitigate its impact on economic performance and financial
stability. The exposure to exogenous shocks inherent in an open
economy such as Jamaica, as well as the high level of indebted-
ness have raised many questions for policymakers and the gen-
eral public. For example, at what level does public debt become
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gramming Division, Bank of Jamaica, and presented at the X Meeting of the Network of
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too high to be sustainable?' What can policy makers do to cushion
the economy against the risks that high debt presents, and, per-
haps most importantly, what policy actions are needed to ensure
that a debt reduction strategy is sustainable?

According to Goldfajn and Guardia (2003), debt sustainability
assessments should focus on medium and long-run scenarios, as
well as the probabilities associated with the evolution of key vari-
ables in the debt accumulation process including, among others,
GDP growth, interest rates, and exchange rates. This paper ad-
dresses some of the challenges associated with analyzing the sus-
tainability of public debt in Jamaica by focusing on the role of sto-
chastic factors, including contingent liabilities, on debt dynamics.
An assessment of the sustainability of Jamaica’s public-debt is
conducted by constructing a risk measure which is derived from
the likelihood of the debt to GDP ratio exceeding a given thresh-
old over a specific time-horizon. The analysis explores whether
changes in the GDP growth rate, fiscal balance and real interest
rates can be used to predict an improvement or deterioration in
the debt sustainability dynamics over the medium-term. This risk
measure of debt sustainability, to the extent that it can anticipate
deteriorations in the debt dynamics, can be used in conjunction
with a stress-testing framework to identify the impact of debt-
dynamics on the portfolios of the financial sector and thereby sig-
nal the necessary policy action, such as an adjustment to capital
adequacy allocation.” The predictive power of the risk measure
on the Euro-denominated GOJ spreads provides strong corrobo-
ration that the methodology captures a significant portion of
market perception of the default risk in Jamaican sovereign debt
and that it can be used effectively in an early warning frame-
work.

The paper has five sections. Section two gives a brief overview
of the mainstream approach to analyzing debt-sustainability. Sec-
tion three discusses the empirical framework used in this paper to
assess the debt-dynamics in Jamaica between 1996 and 2004 and
conducts a medium-term scenario-based analysis. The fourth sec-
tion discusses the results. The final section summarizes the main
findings and conclusions.

! Economic theory provides little practical guidance on the optimum level of
public debt as it is largely dependent on the specification of the model (see Aiya-
gari and McGrattan, 1998).

% See (Lewis 2004) for a stress-testing framework, which assesses the impact of
macro-economic shocks on the portfolios of the banking sector in Jamaica.
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2. DEBT SUSTAINABILITY: AN OVERVIEW

Much of the debt sustainability literature concentrates on the debt
accumulation in equation (1):

(1) dz:(lJ"rz_g/)dz—l"'ft

where d, is the debt to GDP ratio, 7, is the real interest rate paid,
g, 1s the growth rate of GDP, and, f, is the primary balance. This
identity is used to determine the primary surplus or growth rate
of GDP that would maintain the debt at a certain level and its ap-
plication has been critical in offering insights into various debt re-
structuring and stabilization programmes. However, the static
application of this identity may understate or overstate implicit
risk associated with a given level of indebtedness, to the extent
that the variables entering into this identity are stochastic (uncer-
tain) and perhaps, correlated. For purposes of policy, one may be
interested in the possible evolution of debt as a result of changes
in one of the underlying variables entering into the debt equa-
tion. Hence, the framework would have to also account for the
likelihood that the other variables would evolve contemporane-
ously in response to movements in the policy variable of interest.
Another drawback of this approach is that it is often predicated
on a notion of sustainability as defined by a constant debt-to-GDP
ratio, which may not always be either desirable or practical. Gar-
cia (2004) notes that this approach may be of little practical policy
use since the purpose of having debt in the first place is to smooth
consumption inter-temporally, it would be counter-intuitive to
strive to keep the debt to GDP ratio constant. Secondly, and per-
haps more contextually relevant for Jamaica, if a country faces
significant levels of indebtedness, keeping the debt to GDP ratio
constant would not be sustainable.’

The evaluation of the debt sustainability from a risk manage-
ment perspective involves the identification, measurement and
assessment of adverse movements of the risk factors as the debt
profile evolves. The approach taken in the paper aims to promote
insight into banking sector risk exposure to sovereign debt de-
fault and to facilitate proactive mitigation of various risk factors
from a policy implementation perspective.*

* A high level public debt in this case would leave the country vulnerable to
external shocks, such as a sudden decline in capital flows and GDP growth.
* See Chapter 111, World Economic Qutlook, September 2003.
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3. RISK MANAGEMENT AND DEBT SUSTAINABILITY:
METHODOLOGY AND DATA

The paper follows the approach employed by Garcia and
Rigobon (2004) in the computation and assessment of GOJ debt
dynamics. Innovative aspects of their approach include the mod-
elling of the impact of contingent liabilities and off-balance sheet
items on debt dynamics and the impact of greater relative volatil-
ity in the key macroeconomic variables of emerging market eco-
nomics. As such, the analysis accounts for the fact that the vari-
ables entering into the equation are stochastic. Additionally, vari-
ables that have a priori importance on the evolution of debt, such
as the exchange rate and the inflation rate, are included in the
analysis.

A reduced form vector auto-regression (VAR) is used primarily
to estimate the joint dynamics of the macro-variables in the debt
accumulation process. The VAR expresses each variable as a linear
function of its own past value, the past values of all other variables
being considered, and a serially uncorrelated error term. Each
equation is estimated by ordinary least squares (OLS) regression,
while the number of lagged values to include in each equation is
determined by a number of different methods discussed below.
The error terms in these regressions are the ‘surprise’ move-
ments in the variables, taking past values into account. If these
variables are correlated with each other, then the error terms in
the reduced form model will also be correlated across equations.
The mathematical representation of a simple VAR is:

(2) X = ¢11x1,x71 + ¢12x2,r71 +é&),
Xoy = PoyXo, | + PooXo, o + &g,

where E(¢g,¢,,)=0,, for t=s and zero for ¢#s. One could rewrite
this as:

3) |:xlfj|=|:¢(l)l ¢12}{xu-1}+{0 0 }{xl,z—ﬂ_i{gn}
Xo; Por || Xo i 0 @y || X000 €y

or simply:

4) X =Dx,_ +Dox, o+

where E(g,)=0,E(¢,,¢,)=0 for s#t and:
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E(s5) = {"f "}

O9 Oy

The vector, x,, follows a VAR (2) process. By extension, a gen-
eral VAR (p) process with white noise can be written as:

(5) x,=Dx,_ +Dyx, ,+...+¢
’
= _ZICDij. +¢,
J=

or, if the lag operator is used:

O(L)= &,
where:

O(L)=1,~® L—...~D, I/

The error terms follow a vector white noise, 1.e.:

Q for t= s
0 otherwise

E(&‘,S‘;) = {
with Q a (kxk) symmetric positive define matrix.
The VAR is computed using the macro variables, where the
macro variables are given by equation (6)

X, :c+B(L)X + 7,

(6) g[)j;; [;S[)ﬂ.[)
va(O,Q)

where 7,8, f,,st,st,and 7, represent the real interest rate, growth
rate of (,DP primary balance debt shocks, real exchange rate,
and the inflation rate, respectively. The reduced form residu-
als,v,, with a multinomial distribution whose mean is zero and
covariance matrix Q, and B(L) are the coefficients of the lags.
The lag length, L, for the VAR is set at two, which is supported by
both the likelihood ratio (LR) test and the Akaike Information
Criterion.

The actual debt data and realizations of the GDP growth rate,
interest rate and primary deficit are used to compute the follow-
ing debt shocks or ‘skeletons’:
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(7) ‘g‘z:dz_(l"'ﬁ_gz)dt—l_fz

The standard practice in VAR analysis is to analyze results from
impulse responses, which yield how each variable is affected given
a shock at time ¢. These are reported in section 4.

Although impulse responses are examined in the paper, the
primary thrust of this approach is to describe the possible evolu-
tion of debt. Any Choleski decomposition (i.e. any ordering of the
variables in the VAR) will produce the same reduced form covari-
ance matrix, which explains why the ordering of triangular fac-
torization determined by the ordering of the variables is not rele-
vant for risk management applications. Thus the only require-
ment to conduct the analysis of the evolution of the debt is to
produce the contemporaneous correlation as the result of some
Choleski decomposition.” Using the Choleski decomposition of
the reduced form residuals derived from the estimation of equa-
tion (6), several paths of the shocks are generated, and using the
coefficients from the VAR, the path of the variables in X, are used
to estimate the path of the debt. The model employed to conduct
this analysis utilizes the following identity:

(8) d,=(1+7-§)d_  +f+&

(7.8 0,8,5,% ) :N(1,%,)

The stochastic variables in the identity are distributed multi-
nomial® with conditional mean f,, and conditional covariance
matrix %, .

Using the VAR to estimate possible paths of debt offers some
advantages which are worth considering. Variables and shocks
that are not part of the debt accumulation equation (1) can still
have an impact of the debt dynamics. For example, the exchange
rates, the terms of trade, and inflation can be included as vari-
ables in the VAR system.”

The properties of the covariance matrix produced from the

® Most applications on monetary policy are interested in computing impulse
responses and identifying structural shocks from the reduced form.

® This is a simplification that can be easily corrected in the Monte Carlo exer-
cise. Here it is made mainly for expository purposes.

7 Even if variables are not included, it is possible that the VAR could summa-
rize their effect in the variance-covariance matrix of the reduced form residuals.
Their impact on the debt dynamics will be reflected in GDP, inflation or real ex-
change rate movements.
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Choleski decomposition may also be used to assess the sustainabil-
ity of debt dynamics. For example, in developed economies re-
cessions (lower growth) are usually accompanied by a decrease
in interest rate (expansionary monetary policy). If this is the
case, then recession and the deterioration of the primary deficit
—which are inimical to debt sustainability— comes with a counter-
vailing impact of a reduction in the interest rates —which facili-
tates the debt sustainability. Hence, implicit in the debt dynam-
ics is an automatic stabilizer. On the other hand, in many
emerging market economies, usually a recession deteriorates the
fiscal accounts, increases the real interest rates, induces inflation
and depreciates the exchange rate. Additionally, if the Govern-
ment issues sovereign bonds, the deterioration in fiscal accounts
may precipitate a downgrade, requiring higher yields and
thereby exacerbating the financial cost of servicing the debt. The
increased likelihood of default can also result in capital flight. As
such all the variables entering into the debt dynamics equation
will contribute to a deterioration. This ‘vicious cycle’ of debt dy-
namics therefore arises when the correlations among the factors
impacting upon the debt accumulation process cause fiscal pol-
icy to become more pro-cyclical. Thus, simulations that postu-
late independent paths for the relevant variables will neglect the
risk inherent in the correlation among these variables which im-
pact significantly upon the debt dynamics in emerging econo-
mies.

Using the Choleski decomposition of the reduced form residu-
als and the coefficients from the VAR one can compute several
paths of the variables in X, which are used to project possible
evolutions of the debt stock over time. This procedure employs
Monte Carlo techniques to determine standard error bands for
the debt profile going forward. The algorithm employs a simul-
taneous equation representation of an unrestricted VAR (p) to
evaluate equation (8). Given that the likelihood function of a VAR
() f(O|x,,0,) where 0=[a,vech(,)] can be decomposed into a
Normal for a conditional on ¥, and an inverted Wishart distri-
bution for X, . It can be shown that the posterior of X, will have
the same inverted Wishart distribution as the likelihood except
that now the degrees of freedom are (7-k), where k is the number
of estimated coefficients in each equation. On the other hand, the
posterior of («|Z,,x,) is a Normal distribution centered at
and variance equal var(e,, ). With these results, standard error
bands for the stochastic forecast can be constructed using the fol-
lowing algorithm:



8 MONEY AFFAIRS, JAN-JUN 2006

— Generate T —k iid draws for g, from inuN[0,y— A, X) (Y — Ay X)]
where inuN is the inverse of a normal distribution.

— Form the second moments i.e. X° =ﬁ2,(ﬂl —-u)° where [ =1,

2... L is the number of draws and baru :ﬁZ,,u .

- Set X'=(x*)".

— Draw o =ay,+y, y=N(0,Y') where a=vec(B) where B = (B, ...
B,).
j2

— Compute B(l)to derive the r step ahead forecast for each
draw [.

— Repeat steps 1 — 5 L times and report relevant percentiles of
the distribution of B, or compute the mean and the standard
deviation of the forecast using simulated draws.

The procedure is also used to estimate rolling regressions- to
assess the predictive power of the model and perform out-of-
sample tests which use the most recent conditions to compute
debt dynamics going forward. In so doing, the framework can be
used to derive a measure of debt sustainability based on the like-
lihood of the debt ratio exceeding a given threshold over given
time horizon.

The variables employed in the analysis of debt dynamics in Ja-
maica are the GDP growth rate, the primary balance, the contin-
gent liabilities or ‘skeletons’, the real interest rate and the real ex-
change rate. The data are monthly observations for the sample
period 1996:06 to 2004:08. Each of these variables is represented
as a share of GDP,® with exception of growth in GDP, the real in-
terest rate, and the real exchange rate. As indicated in equation
(7), the skeletons are computed as the deviation of the actual debt
to GDP ratio from that implied by the debt accumulation equation
given by equation (1).” The real interest rate is computed as the
6-month Treasury bill rate minus the inflation rate and the real

¥ The monthly GDP series are derived from extrapolating the quarterly GDP
figures obtained from the Statistical Institute of Jamaica.

? The ‘skeletons’ are a critical component of the analysis as they can have the
(accounting) effect of leading to a deterioration in debt profile, which would
otherwise not be captured as fiscal outlays for purposes of calculating the public
sector borrowing requirement (PSBR).
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exchange rate is computed as the nominal depreciation minus the
inflation rate.'” "' The spread on Euro-denominated GOJ Bonds is
used to measure country risk.

4. EMPIRICAL ANALYSIS OF JAMAICA’S DEBT
SUSTAINABILITY OUTLOOK

4.1 Covariance of reduced form residuals

Table 1 presents the covariance of the reduced form residuals
in the upper triangular region and the corresponding correla-
tions in the lower triangular region. Inflation is negatively corre-
lated with the growth rate of GDP, the real interest rate and the

TABLE 1. COVARIANCES AND CORRELATION MATRIX

Real ex-
Real interest  Growth Primary Debt  change rate  Nominal
rate rate deficit shocks  depreciation  inflation

Real inter-

est rate 2.56E-05 7.65E-07 6.93E-07 -2.55E-06 1.22E-05 -4.07E-06
Growth

rate 10.13% 2.23E-06 3.01E-07 5.04E-07 -2.17E-06 -3.73E-07
Primary

deficit 9.71% 14.28% 2.00E-06 6.28E-06 -3.53E-07 -2.49E-07
Debt

shocks -2.15% 1.43% 18.88% 5.54E-04 9.17E-06 -4.35E-06
Real ex-

change

rate dep. 27.23%  -16.41% -2.83% 4.41% 7.81E-05 -1.99E-06
Nominal

inflation -47.20% -14.65  -10-36%  -10.85% -13.20% 2.90E-06

NoOTE: Covariance matrix of the ‘reduced from residuals’ are on the upper
triangular, and the correlations are on the lower portion.

19 Since the Us inflation has very low variance in the sample, it is excluded
from the real exchange rate calculation. Within the VAR framework, the con-
stant term in the regression takes care of the effect of the US inflation on the real
exchange rate.

! One adjustment to the data was the transformation to six-month moving
averages. This is because much of the untransformed series are quite volatile.
For example, for the primary deficit, if some expenses were concentrated in a
given month, the monthly series would reflect periods with significant deficits,
while the moving average series would better reflect the overall fiscal stance.
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real exchange rate."” The primary deficit, on the other hand, is
positively correlated with the real interest rate and the GDP
growth rate.” Finally, real foreign exchange rate depreciation is
associated with an increase in real interest rates and declines in
the GDP growth rate and the primary deficit.

4.2 Impulse responses

In this section, a triangular decomposition of the reduced form
shocks is utilized to analyze the possible impact of a shock to one
of the variables on the other variables. It is assumed that the or-
dering of the equations is as follows: real interest rate, GDP
growth rate, primary deficit, debt shocks (skeletons), real ex-
change rate, and inflation. The order implies that inflation affects
all the variables contemporaneously, while real interest rate
changes take effect with a lag. An inspection of these impulse re-
sponse functions indicates that this ordering yields a reasonably
satisfactory description of debt dynamics.'* Figures 1 to 6 present
the impulse responses derived from shocks to all variables."

Figure 1 illustrates the impulse response to a one standard de-
viation increase in the real interest rate. This shock lasts for ap-
proximately 10 months followed by a 14-month contraction be-
fore returning to its steady state level. The increase in the real
interest rate increases the real exchange rate and reduces the in-
flation rate. For the period corresponding to the real interest
rate shock, the GDP growth rate declines and then normalizes af-
ter 10 months. The net effect on the debt path implied by the
shock to interest rates, given the initial conditions, is a steady in-
crease in the debt for up to 12 months after the initial shock.
The deterioration in the debt dynamics is substantially reversed
when the real interest rate declines significantly (to negative values)

"2 This suggests that inflation ‘scares’ are recessionary and serve to reduce
real interest rates.

" This is compatible with standard Keynes fiscal multiplier effects.

' Stock and Watson (2001) point out that structural inference and policy
analysis are inherently more difficult because they require differentiating be-
tween correlation and causation; this is known as the ‘identification problem’ in
the econometrics literature. They note that this problem can be addressed by re-
lying on economic theory and institutional knowledge.

' The impulse response on the debt accumulation is calculated using the re-
sponse of each of the shocks, the initial conditions at the end of the sample, and
the debt accumulation equation.
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FIGURE 1. IMPULSE RESPONSE TO AN INCREASE IN THE INTEREST RATE
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before returning to its steady state at the end of 25 months."

Figure 2 depicts the impulse response to a one standard devia-
tion increase in the GDP growth rate. This shock is associated with
an increase in the real interest rate, which occurs with some de-
lay, followed by a subsequent decline in the real interest rate. The
inflation rate increases marginally with the shock to the GDP
growth rate and declines after the fourth month. In addition, the
shock results in a currency appreciation and decrease in the pri-
mary balance. The net impact is a permanent, though marginal,
reduction in the debt to GDP ratio (see Figure 7).

Figure 3 displays the impulse response to an increase in the pri-

FIGURE 2. IMPULSE RESPONSE TO AN INCREASE IN THE GROWTH RATE OF
MONTHLY OUTPUT
0.004
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' The implied path for the debt arising out of each shock is displayed in Fig-
ure 7.
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FIGURE 3. IMPULSE RESPONSE TO AN INCREASE IN THE PRIMARY DEFICIT
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mary deficit. In this case, the increase in the primary deficit is as-
sociated with real exchange rate depreciation after the fifth
month that lasts for around 25 months, an immediate increase in
inflation rate (which lasts for approximately 18 months) and an
increase in the real interest rate with protracted reduction in GDP
growth rate, both after the fifth month.

The innovation from an increase in skeletons results in a dete-
rioration in the primary deficit, a transitory appreciation in the
real exchange rate and transitory reduction in the real interest
rate (see Figure 4). While the initial responses are difficult to rec-
oncile intuitively, the simulations show that the subsequent in-
crease in real interest rate, deterioration in GDP growth rate and
fiscal deterioration result in a persistent increase in the debt to
GDP ratio (see Figure 7). This result is consistent with a prior: ex-

FIGURE 4. IMPULSE RESPONSE TO AN INCREASE IN THE SKELETONS
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FIGURE 5. IMPULSE RESPONSE TO AN INCREASE IN THE REAL EXCHANGE RATE
(depreciation)
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pectations of the impact of the recognition of hidden liabilities
(skeletons) on debt dynamics.

As shown in Figure 5, a one standard deviation increase in the
real exchange rate is accompanied by an increase in the GDP
growth rate after the first 7 months, a moderate increase in inter-
est rates, and a mild, but persistent, deterioration of the primary
deficit. In the end, the positive effects out-weigh the negative ef-
fects and the debt to GDP ratio increases (see Figure 7).

The impulse response to an increase in the inflation rate is
shown in Figure 6. This shock is associated with depreciation in
the exchange rate and declines in the real interest rate, the GDP
growth rate and the primary deficit. The movements of all the
variables result in an increase in the debt to GDP ratio, as re-
flected in the simulation (see Figure 7).

FIGURE 6. IMPULSE RESPONSE TO AN INCREASE IN THE INFLATION RATE
0.006 -
0.004

0.002
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FIGURE 7. NET IMPACT ON DEBT OF IMPULSE RESPONSES
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The co-movements observed in the variables of interest and the
debt dynamics are close to a priori expectations. The innovations
to the primary deficit and the interest rate have the largest im-
pact on the debt dynamics, followed by the innovation to inflation
and the real exchange rate.

4.3 Analysis of debt sustainability prospects in the absence of risk

In order to assess the debt path in the absence of risk consid-
erations, the 9-month averages of the variables entering the debt
accumulation equation are used to determine the initial condi-
tions."” In other words, the debt accumulation equation is com-
puted using the interest rate, primary deficit, growth rate of the
previous 9 months and the final debt at time ¢. Figure 8 illustrates
the 24-month horizon of the debt to GDP ratio using the initial
conditions computed at the end of September 2004.

Starting from almost 138.0 per cent, the debt to GDP ratio
would decline to 121.0 per cent, after 24 months." It is possible
to conclude from this exercise that Jamaica’s sovereign debt, in
the context of the current macroeconomic environment, would
be increasingly sustainable.

Goldfajn and Guardia (2003) argue, however, that the numer-

'7 Similar paths were estimated using 6-month and 12-month horizons. How-
ever, the results were not significantly affected by the change in the time hori-
zon.

'® The debt to GDP ratio would gradually fall to just above 100.0 per cent of
GDP 30 months hence. (Not shown in Figure 8).
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ous future possibilities for the relevant variables —-GDP growth,
real interest rates, and real exchange rates— may lead to different
assessments. In addition, the estimates may overstate the case for
increasing sustainability of the debt by not taking into account the
uncertainties that face governments in emerging market econo-
mies. Conversely, the estimates may understate the case for in-
creasing sustainability by invoking assumptions for key parame-
ters which are based on transitory adverse market swings result-
ing in an equally biased assessment.

FIGURE 8. DEBT SUSTAINABILITY IN THE ABSENCE OF RISK (HISTORICAL DEBT-
GDP RATITO), 1996-2006
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4.4 Risk based analysis of debt
sustainability — Monte Carlo simulations

The application of Monte Carlo analysis to the debt model de-
scribed in section 3 provides an alternate approach to the assess-
ment of debt dynamics in the medium-term. The analysis utilizes
the estimates of the VAR with data up to September 2004 to de-
rive covariance matrix of the shocks, and generates several paths
for the debt using Monte Carlo simulations (1000 replications of
24 months). Figure 9 provides plausible paths for the debt over 24
months, along with the maximum and the minimum debt within
two standard deviations of the average value. The juxtapositon of
Figure 8 and Figure 9 shows the marked difference in the
projections of the sustainablity of the debt to GDP ratio between
the two approaches. The former approach assumes that the
inputs into the debt accummulation equation remain constant,
are not dynamically interrelated, and that the economy will not
be exposed to exogenous shocks over the forecast horizon. In
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short, the analysis invokes the ceteris paribus assumption for the
variables entering into the debt accumulation model. On the
other hand, the latter approach utilizes the impact of all data up
to that point to estimate the VAR and the covariance matrix which
is used to compute the implication on debt dynamics going
forward. The analysis, by concentrating on the contemporaneous
covariance of the residuals, facilitates the study of the impact on
debt arising from a typical mixture of shocks that have hit the
Jamaican economy in the past.

FIGURE 9. DEBT SUSTAINABILITY IN THE ABSENCE WITH RISK, 2005-2006
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Figure 9 demonstates that the risk measure, derived from that
non-trivial proportion of debt to GDP realizations above 150.0
per cent over the 2-year horizon, would be increasingly
unsustainable.'” The evolution of the debt dynamics indicating
an increasing level of debt unsustainabilty is a direct result of
evolutions wherein the real interest rate exceeds growth rates of
GDP generating an exploding debt path. Additionally, this scenario
incorporates the impact of a recognition of a hypothetical mixture
of hidden GOJ liabilities (skeletons) equivalent to almost 8.0 per
cent of GDP over the forecast horizon.* The means of the
stochastic variables given the data up to September 2004, point to

19 Assessing debt sustainability requires analyzing the current institutional
framework. Given that innovations in the institutional framework are still nas-
cent in Jamaica it is likely that their full impact have not yet been captured in
the reduced form residuals.

2 See Figure 1 in the Appendix for the stochastic inputs into the debt accu-
mulation equation that produce the stochastic paths for the debt dynamics dis-
played in Figure 9 Without such recognition of ‘skeletons’ the debt dynamics
would appear differently. Nonetheless, the recognition of past debt is in line
with the policy of improving transparency in the government accounts.
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a stabilization of the debt to GDP ratio at approximately 128.0 per
cent over the following 24 months. This, however, should not be
interpreted as a point forecast for the outturn of debt-ratio going
forward, but rather as a probable outturn in the absence of
ongoing adjustments to the fiscal and monetary path.

The wide dispersion about the average debt to GDP ratio
indicates that the medium-term projections of a decline in the debt
ratio are plausible, though subject to considerable uncertainty.
Moreover, the risk-based analytical approach underscores the
importance of several initiatives undertaken by the Government
of Jamaica (GOJ) during FY 2004/5 such as the Memorandum of
Understanding (MOU)*' as well as significant expenditure
curtailment. These have brought about significant improvement
in the fiscal stance in Jamaica. These developments, as well as the
Bank of Jamaica’s commitment to macro-ecnomic stability have
promoted a path towards improving debt-sustainability prospects
going forward.

4.5 Sensitivity analysis™

Several hypothetical scenarios of debt shocks are evaluated in
this section to examine their impact on debt dynamics. Tables 2
to 4 show the different paths followed by the debt to GDP ratio
under alternative initial debt shocks of 7.4 per cent, 7.6 per cent,
and 12.20 per cent, respectively.” In the first instance, Table 2
shows the impact of the assumed shock of 7.4 per cent of GDP on
the other variables entering into debt accumulation process as de-
termined by the estimated VAR as well as its impact on the debt to
GDP ratio over 24 months.

The analysis shows that the initial debt shock of 7.4 per cent
of GDP coupled with constant primary surpluses of 11.4 per cent

*! The MOU was an agreement between the Government of Jamaica and the
Jamaica Confederation of Trade Unions which realized a reduction in the cost
of salary/salary related and ancillary benefits granted to all public sector em-
ployees for the period April 1, 2004 to March 31, 2006.

** Sensitivity analysis involves changing an input (independent) variable to
see how sensitive the dependent variable is to the input variable. In this section
the independent variables are shocks to the debt stock, primary surplus and the
dependent variable is the debt to GDP ratio. The simulation framework allows
for internally consistent paths for the other independent variables entering into
the debt accumulation process.

# These shocks were generated based on the historical evolution of shocks
over the sample period.
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TABLE 2. INITIAL DEBT SHOCK OF 7.4 PER CENT OF GDP AND CON-
STANT PRIMARY SURPLUSES

2004M9 2004M12 2005M3 2005M6 2005M9 2005M12 2006M3 2006 M6

Inflation 12.73 10.30 8.86 8.42 8.67 9.07 9.27 9.15
GDP

growth 2.71 2.59 2.67 2.95 3.31 3.60 3.78 3.85
Primary

surplus

(% GDP) 11.46 11.46 1146 1146 11.46 11.46 11.46 11.46
Real ex-

change

rate (10.74) (8.08) (6.05) (4.88) (4.85) (5.19) (5.44) (5.30)
Real in-

terest

rate 1.70 2.21 3.64 4.65 4.79 4.50 4.42 4.64
Shock to

debt (%

GDP) 7.42 11.17 10.32 9.25 9.33 9,89 10.30 10.12

Debt
GDP
ratio 1.35 1.29 1.29 1.29 1.29 1.29 1.28 1.28

would still be consistent with increasingly sustainable levels of
debt although the debt would decline at a slower pace. This sce-
nario would be consistent with continued stability in the foreign
exchange market, a sound fiscal framework and healthy banking
system which would all be consistent with a low interest rate envi-
ronment. It should be noted that in the simulation, the mainte-
nance of high primary surpluses, coupled with low positive real
interest rates and low inflation are critical factors fomenting the
improvement in the debt dynamics. In contrast, Table 3 shows
the impact of an initial debt shock of 7.6 per cent coupled with
primary surpluses declining to 8.4 per cent of GDP at the end of
the simulation horizon. In this scenario, the impact of signifi-
cantly higher real interest rates coupled with higher levels of in-
flation result in a gradual deterioration in the debt dynamics.

The final exercise, reported in Table 4, shows the combination
of a debt shock in excess of 12.0 per cent of GDP coupled with de-
clining primary surpluses. The compounding of the two effects
has a significant consequence on the debt dynamics. As shown in
Table 4, the twin-shock would likely result in increasingly unsus-
tainable debt dynamics.
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4.6 Debt sustainability and sovereign spreads

The assessment of the sustainability of Jamaica’s public debt
burden is conducted by constructing an index, derived from the
likelihood of the simulations of the debt to GDP ratio exceeding a
given threshold over a specific time-horizon. Specifically, the
paths of the debt to GDP realizations are computed using Monte
Carlo simulations with 1000 replications for a five-year out-of-
sample forecast based on the estimates from the VAR and the debt
accumulation equation.” This path is then used to compute the
probability that the debt to GDP ratio exceeds a given threshold.
The exercise is repeated from January 2002, for months ¢+1 up
to and including data to September 2004. The exercise per-
formed here is similar to that of a stress test. Figure 10 shows the
result for the probabilities of reaching a debt attaining a debt ra-
tio larger than 150.0, 180.0, and 200.0 per cent of GDP during
the five-year horizon.

TABLE 3. INITIAL DEBT SHOCK OF 7.6 PER CENT OF GDP AND DE-
CLINING PRIMARY SURPLUSES

2004M9 2004M12 2005M3 2005M6 2005M9 2004M12 2006 M3 2006 M6

Inflation 12.74 10.31 9.11 9.05 9.58 10.11 10.33 10.23
GDP

growth 2.72 2.59 2.64 2.83 3.06 3.24 3.35 3.45
Primary

surplus

(% GDP) 11.53 11.28 10.57 9.78 9.15 8.77 8.60 8.48
Real ex-

change

rate (10.72) (8.02) (6.23) (5.65) (5.82) (6.43) (6.88) (7.02)
Real in-

terest

rate 1.71 2.23 4.01 5.86 7.11 7.75 8.18 8.38
Shock to

debt (%

GDP) 7.62 11.11 9.03 6.32 4.74 4.13 3.73 3.89

Debt
GDP
ratio 1.35 1.30 1.30 1.31 1.34 1.38 1.44 1.53

* Thus a five-year out-of-sample forecast of the debt-GDP based on the VAR is
computed with the available data up to month ¢.
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TABLE 4, INITIAL DEBT SHOCK OF 12.2 PER CENT OF GDP AND DE-
CLINING PRIMARY SURPLUSES

2004M9 2004M12 2005M3 2005M6 2005M9 2004M12 2006 M3 2006 M6

Inflation 12.73 10.20 9.06 9.07 9.47 9.65 9.55 9.36
GDP

growth 2.74 2.73 2.99 3.32 3.54 3.64 3.66 3.65
Primary

surplus

(% GDP) 11.46 10.90 10.07 9.37 8.88 8.52 8.24 8.05
Real ex-

change

rate (11.02) (8.16) (6.36) (5.86) (6.11) (6.33) (6.26) (6.05)
Real in-

terest

rate 2.42 4.70 6.03 6.71 7.19 7.90 8.58 9.08
Shock to

debt (%

GDP) 12.20 9.07 6.93 5.69 5.41 4.42 3.55 3.02

Debt
GDP
ratio 1.41 1.43 1.47 1.51 1.57 1.65 1.76 1.91

For February 2002, given the initial conditions at that time, the
real interest rate and the covariance matrix estimated until the
previous month, the analysis indicates that the probability of a
debt to GDP ratio larger than 180.0 per cent is 83.0 per cent. At
February 2004, the probability fell to 60.0 per cent, indicating a
lower risk profile associated with the sustainability of GOJ debt
relative to February 2002.

FIGURE 10. PROBABILITY OF DEBT TO GDP RATIO REACHING MORE THAN THRES-
HOLD IN FOLLOWING FIVE YEARS, 2002-2004
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FIGURE 11. PROBABILITY OF TOTAL DEBT TO BE LARGER THAN 180 PERCENT OF
GDP AT ANY TIME IN THE FOLLOWING 5 YEARS AND THE GOJ BOND SPREAD, 2002-

2004
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Figure 11 shows the close relationship between the probability
of a debt to GDP ratio in excess of 180.0 per cent and the GOJ
Eurobond yield spread. It is clear from Figure 6 that the prob-
ability of the debt exceeding 180.0 per cent and the spread on the
GOJ vyields are closely related. The correlation between the two
series is 61.0 per cent. Furthermore, regression analysis shows
that the risk measure has strong predictive power on both the 1-
month-ahead and the 2-month-ahead GOJ composite spread.

The estimation of an AR(2) model produces:

5, =3.951p_+2.772p,_,+ [ AR(1) = 0.877, AR(2) = —0.146 ]
3.80 2.70 5.02 -1.00

where s, is the Euro spread in levels, and p, is the probability
that the debt reaches some threshold identified in the Monte
Carlo exercises. Both the first p_, and the second lagged
probability measure, p,_,, are statistically significant at the 5.0 per
cent level and the R-squared of the regression is 54.8 per cent.

These results indicate that the methodology captures a
signifciant share of the market perception of the default risk in
Jamaica’s soveriegn debt, given that the risk measure is strongly
correlated with the GOJ sovereign risk spread. As such, the risk
measure constitutes an effective method to assess the vulnerabilty
of the financial sector to the risk of default.

5. CONCLUSION

Changes in the primary deficit and the real interest rate have the
largest impact on the debt dynamics in Jamaica. These are followed
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by changes in the inflation rate and the real exchange rate. This
underscores the importance of the co-ordination between fiscal
and monetary policies towards attaining increasing levels of debt
sustainability. Futhermore, the analysis shows that small
improvements in macroeconomic economic conditions and a
continuation of the country’s recent fiscal improvements would
push Jamaica’s debt stock in the right direction.

Sensitivity analysis conducted within the risk-based framework
developed suggests that a debt shock of approximately 7.0 of
GDP, coupled with primary surpluses maintained at 11.4 per cent
would still be consistent with increasingly sustainable levels of
debt. However, a debt shock in excess of 12.0 per cent of GDP,
coupled with primary surpluses declining to approximately 8.0
per cent of GDP, would lead to increasingly unsustainable debt
dynamics. Moreover, should the trends in real interest rates,
growth rate of GDP and primary surpluses during 2004 be
maintained over the medium-term, the debt to GDP ratio would
start declining over the next few vyears. This outlook is
corrobarated by the risk-based asssessment showing a non-trivial
portion of realizations which indicate that this ratio could steadily
decline.

This paper puts forward a stochastic measure reflecting the
underlying relations among the variables that affect the debt
accumulation process to compute future paths for the debt to
GDP ratio. Further, the significant correlation and predictive
power of the ‘risk probabilities’ derived in this paper on GOJ
Euro-bond spreads indicates that the measure constitutes an
effective method to assess debt sustainability.

Appendix

FIGURE A.1. DEBT SUSTAINABILITY WITH RISK: STOCHASTIC INPUTS, 2005-06G
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FIGURE A.1 (conclude)
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Non-linear effects of monetary
policy and real exchange

rate shocks in partially
dollarized economies:

an empirical study for Peru

I. INTRODUCTION

Starting from the first Neo-Keynesian theories related to nominal
rigidities which emphasized the fact that changes in nominal
wages are rigid downwards, the presence of menu costs and the
existence of output capacity constraints (surveyed by Gordon,
1990), monetary policy literature has focused some attention to
the asymmetries that arise when this policy operates. Altogether,
these issues have suggested the existence of a convex aggregate
supply curve. Additionally, another group of theories have indi-
cated the possibility that the reaction of the demand curve could
be asymmetric in the presence of borrowing constraints and also
as a consequence, along with other supply effects, of non-
homothetic preferences (surveyed by Castillo and Montoro, 2005).
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By using modern econometric techniques, several studies for
developed economies' have shown that the response of inflation
and output can differ depending on the state of the economy as
well as on the size and sign of monetary shocks. These asymme-
tries have been found to arise depending on the position of a
given variable (e.g., in terms of the position of the business cycle)
—we will refer to this one as the “transition” or “state” variable in
the rest of the paper. Particularly appealing is the evidence re-
ported by Weise (1999), who suggests the existence of a convex
supply curve in the US as the main element in determining
asymmetries, by using a Smooth Transition Vector Autoregres-
sion (STVAR).

To our knowledge, though of great importance for monetary
policy analysis in partially dollarized economies, not many studies
regarding asymmetries have been carried out with data from
these countries. In this paper, we try to fill this gap. Also, we de-
part from the traditional exclusive study of monetary shocks as
we also analyze the asymmetric dynamics derived from real ex-
change rate shocks, since we believe that monetary policy in
highly dollarized economies is tightly linked to exchange rate dis-
turbances. In particular, we show how monetary policy and ex-
change rate shocks operate depending on the position of the
business cycle in Peru, an economy with a high degree of dollari-
zation. For each of these situations, we draw different impulse re-
sponse functions that vary in sign and magnitude using the same
methodology employed by Weise (1999).

The value of this study, we believe, is not only in terms of test-
ing the existence of asymmetries (and in posing consequent ob-
servations for monetary policy management), but since partially
dollarized economies may present different dynamics than “sin-
gle-currency” ones, we can also establish comparisons on how do
these two type of economies respond to shocks of similar nature.
A priort, in dollarized economies, a relevant difference is probably
the presence of a negative balance sheet effect associated to real
exchange rate depreciations. This issue is very relevant for our
study since it could be a key element generating additional
asymmetries to those observed in developed economies. The bal-
ance sheet effect occurs whenever a country characterized by
agents who are highly indebted in foreign currency —and where
assets are mostly denominated in domestic currency— experiences

' De Long and Summers (1988), Cover (1992), Morgan (1993), Thoma
(1994), Karras (1996), Weise (1999), Karamé and Olmedo (2002), among others.
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a large real exchange rate shock that weakens the economy’s bal-
ance sheet, usually in the non-tradable sector. Moreover, in the
presence of frictions in the financial system, the “financial accel-
erator” mechanism (Bernanke and Gertler, 1989) predicts a
strong negative effect in terms of aggregate demand (Céspedes et
al., 2004). An additional implication for liability-dollarized econo-
mies is that a change in the central bank’s reference rate may
trigger a movement in the real exchange rate that, by activating
the balance sheet effect, could bring about a variation on output
of the opposite sign to the expected by monetary authorities. As it
is widely known, as well, in these economies, central bank’s inter-
vention in the exchange rate market is very likely. In fact, shocks
in this variable can also operate asymmetrically as a consequence
of policy intervention and not just because of a latent balance
sheet effect directly.

To round up the idea, in the case of an economy such as Peru,
asymmetries may surge as a result not only of the traditional sup-
ply and demand arguments, but also of the presence of the bal-
ance sheet effect. This effect might have direct implications on
output and prices or indirect ones via monetary policy interven-
tion.” By studying the role of asymmetries, we try to elucidate the
importance of this mechanism and consequently, to more clearly
identify distinctions among monetary policy in both types of
economies (i.e., non-dollarized and highly dollarized). Besides, it
is worth to take into account the difficulty to conclude that the
balance sheet effect is only activated after devaluations or rather,
in general, after shifts in the real exchange rate regardless of
their direction; on the other hand, it could be also important to
contrast whether the size of the shock is relevant to activate such
effect. These are additional reasons, which justity the use of a
non-linear econometric technique.

In sum, the main objective of our research is to answer two
relevant questions for monetary policy: first, what are the asym-
metries in terms of monetary and real exchange rate shocks pre-
sent in dollarized economies, and second, how different are these
from those that have been found in “single-currency” economies?
The Peruvian economy is of particular interest as a case study
since dollarization has reached about 70% of deposits while mac-

# This intervention could eventually be an evidence of “fear of floating” from
the central bank (Calvo and Reinhart, 2002), this is, fear of large currency
swings due to their pervasive consequences in terms of output and, among other
possible reasons, a higher pass-through effect than in non-dollarized economies.



28 MONEY AFFAIRS, JAN-JUN 2006

roeconomic conditions have remained stable and inflation has
remained at developed economy standards for several years.” We
believe that the shape of asymmetries found in this country may
shed light on the questions posed in this paper.

We arrange the document as follows: in section II we discuss
related literature; in section 111 we explain the formal framework
of the methodology, while in section IV the impulse response
functions of the baseline linear model are shown. We test the
presence of asymmetries in section V and report and explain the
results of the STVAR estimation in section VI. We conclude in sec-
tion VII.

II. RELATED LITERATURE

Among the literature related to the convexity of the supply curve,
Ball and Mankiw (1994) build a theoretical model to explain the
asymmetric dynamics of inflation. In short, they use menu costs
for firms so when inflation is positive, negative shocks can bring
relative prices back to their optimal level. As a result, firms will
tend to adjust prices only when negative shocks are big enough to
compensate menu costs. In contrast, when shocks are positive,
relative prices depart further from their optimal level; thus,
changes in nominal prices are more probable. Hence, under the
presence of menu costs one could expect positive shocks to be
more likely to induce shifts in inflation than negative ones.

Along with nominal price rigidities, if firms are confronted to
capacity constraints their marginal cost should be more elastic to
aggregate demand shocks when the economy is closer to its short-
run output capacity, meaning that price adjustments would be
more likely. In opposition, nominal wage rigidities would render
inelastic marginal costs that make demand shocks more respon-
sive in terms of output than prices.

More recently, Castillo and Montoro (2005) build a Neo-
Keynesian model in which a concave aggregate supply curve co-
exists with non-homothetic preferences —which proxy borrowing
constraints. Their analytical study can be used to explain asym-
metries in any direction since asymmetric shocks in the supply
side are counteracted by asymmetric demand responses. In any

® This performance is in line with the analysis of Reinhart et al. (2003), who
find evidence that a high degree of dollarization does not seem to be an obstacle
to monetary control or to disinflation.
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case, the prevalence of one of these effects (depending on the
state of the economy) will rely upon the chosen parameterization.
They conclude that for their set of parameters, monetary policy is
more effective in terms of output in booms. Asymmetries are
higher when deviations from the steady state come from supply
shocks rather than demand shocks.

These authors also survey evidence on the asymmetric effects
of monetary policy for developing countries. They divide the em-
pirical literature into two categories. Within those that report evi-
dence for differentiated responses in terms of size and sign, De
Long and Summers (1988), Cover (1992) and Morgan (1993) ar-
gue that in the US, expansionary monetary shocks have no effect
on output, whereas negative ones show some impact in economic
activity (the first two use money aggregates while the latter uses
the Federal Funds rate). Karras (1996) finds similar evidence for
several other industrial countries. In contrast, Ravn and Sola
(1996) disagree with those results since they state that it is not a
different sign which causes asymmetries but rather their size.
They conclude that small unanticipated changes in money supply
are non-neutral whereas big unanticipated shocks have no effects.

In the second category of studies surveyed by Castillo and
Montoro (2005), the asymmetries follow the state of the economy
at a given point in time. For instance, they discuss the work of
Thoma (1994)." Using rolling causality, this study suggests that
the relationship between income and money becomes stronger
when activity declines and weaker when it increases, implying the
existence of a non-linear response of income to monetary policy
shocks. Additionally, when testing differences between negative
and positive shocks, the author finds that negative shocks have
stronger output effects during high-growth periods than in the
opposite case. On the other hand, positive shocks do not seem to
cause distinct effects.

Highly dollarized economies may present a third source of
asymmetries if a balance sheet effect is latent.” Thus, additional
asymmetries may appear as a consequence of the interaction be-
tween policy rate and the exchange rate when the balance sheet
becomes a threat. Specifically, as explained in the previous sec-
tion, reductions in the policy rate could have no expansionary ef-

* Caballero and Engel (1992), Agénor (2001) and Holmes and Wang (2002)
are other studies cited by Castillo and Montoro (2005).

® For instance, Castro and Morén (2004) explore both analytically and em-
pirically the asymmetric responses of output and prices to exchange rate shocks.
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fects in the presence of this channel if it caused real exchange rate
depreciations.

Regarding this last point, several studies have exposed that in
spite of the so-called Fear of Floating,’ a high level of dollariza-
tion has not completely inhibited the role of monetary policy
(Reinhart et al., 2003). Peru has been no exception: despite main-
taining an average of over 70% of credits and liquidity in dollars
during the past 10 years, monetary policy has proven effective.
For instance, Winkelried (2004) concludes by using an error cor-
rection model, that in the event of a restrictive monetary shock of
1%, the GDP (output gap) reacts by falling between 0.5% and 0.6%
within a year. In Bigio and Salas (2004), it is stated that an in-
crease of 1% in the rate of the Deposit Certificates of the Central
Reserve Bank of Peru triggers a fall in the product. Such fall lasts
between the 6th and 8th month after the shock, with a consider-
able average impact of -0.4%. When it comes to inflation re-
sponse, the evidence has also shown monetary policy effectiveness
(Quispe, 2000; Rossini, 2001). Winkelried (2004) finds that a 1%
shock in the reference rate lowers inflation in a magnitude
around 0.3% within a year.

Concerning the effects of exchange rate shocks in partially dol-
larized economies, the international evidence on the question of
whether competitiveness effect —this is, the classical effect in which
export-related sectors is boosted by currency depreciations— off-
sets the balance sheet effects is not conclusive, as surveyed by
Carranza et al. (2003). However, these authors’ own firm-level
analysis focuses in the Peruvian case and they find evidence con-
trary to a significant competitiveness effect and in favor of a nega-
tive balance sheet effect.” By using aggregate Peruvian data,
Winkelried (2004) arrives to the same conclusion regarding the
balance sheet effect, but this paper does suggest a significant
competitiveness effect in the long term.”

Castro and Morén (2004) have analyzed the non-linear effect

6 See Calvo and Reinhart (2002).

7 Loveday et al. (2004) have also found empirical support for a latent balance
sheet effect in Peru in the level of non financial firms.

% Céspedes (2005) uses a large sample of devaluation episodes for a group of
emerging and developed countries and he finds that balance sheet effects have a
significant and negative impact on output, but in the medium term, the expan-
sionary effect of the real devaluation tends to prevail. Interestingly, he also sug-
gests that countries with deeper financial markets experience lower output
losses after devaluations.
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of real exchange rate shocks on output. This work suggests that
the higher the shock, the more negative the response becomes —a
symptom of the presence of a balance sheet effect. In terms of
prices, the results reported in this study are intriguing since the
greater the real exchange rate shock, the smaller (and even nega-
tive!) the rate of pass-through would be.” A kind of similar pat-
tern has been found in Carranza et al. (2004), although they focus
on the effect of nominal rather than real exchange rate shocks
over inflation. By employing univariate threshold models this
document shows evidence that in dollarized emerging economies
a negative pass-through coefficient would prevail during eco-
nomic downturns. Nonetheless, a more exhaustive analysis con-
cerning pass-through in Peru has been carried out in Winkelried
(2003), where the presence of asymmetries is proven but accord-
ing to this paper, the asymmetries do not behave in the manner
proposed by Carranza et al. (2004), in the sense that the pass-
through coefficient would always be positive. By using a STVAR
approach, the study states that once the nominal exchange rate
has already depreciated, an additional increase in the exchange
rate has a pass-through rate about 10% higher, and that in ex-
pansionary periods depreciations have around 30% more pass-
through rate than in recessions.'” Finally, an interesting result of
this paper is that a reduction in the rate of dollarization reduces
the pass-through rate.

Of course, not only the latent balance sheet effect but also the
uncertainty of its consequences has been enough incentive for
central banks’ interventions in the exchange rate market. As well,
as a consequence of the high dollarization, since a greater pass-
through level of exchange rate over domestic inflation should be
expected, these economies have relied upon dirty floating (Par-
rado and Velasco, 2001)."" It is feasible to expect exchange rate

? It is worth to mention that these authors carry out a similar methodological
approach than ours, but they employ a monetary aggregate as the instrument of
monetary policy, while we use an interest rate, given that this is the tool con-
trolled by the Peruvian Central Bank since some months previous to the Infla-
tion Targeting Regime adoption (in January 2002) —see more discussion about
the monetary policy interest rate in the Appendix—. This fact may imply a mis-
specification of their VAR. Additionally, they do not include any exogenous vari-
able nor do they report any confidence bands.

' Another study by Miller (2003) employs a linear VAR analysis and states
that for 100% devaluation, inflation would increase by 16%.

""" As pointed in the Fear of Floating literature, not only a higher pass-
through coefficient would be the exclusive reason behind this type of central
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shocks to be followed by monetary policy responses that quickly
neutralize them."

Policy reactions after real exchange rate shocks has been vastly
analyzed; as a matter of fact, an open debate has been recently
present in the economic literature on what should be the optimal
monetary policy followed by small open economies (see, for in-
stance, Gali and Monacelli, 2004). Despite a relative consensus
among recent studies favoring an absolute free floating, it is
worth to note that many of them compare extreme situations, i.e.,
flexible exchange rate against fixed exchange rate. On the con-
trary, Parrado and Velasco (2001) build a stochastic model con-
cluding that the optimal monetary policy is that by which external
shocks to interest rates are accompanied by raises in domestic in-
terest rates less than proportional to their size. Lahiri and Végh
(2001), and more recently Morén and Winkelried (2005), have
suggested that the optimal policy to be followed by monetary au-
thorities should be asymmetric, where large fluctuations in the
exchange rate should be counterbalanced in greater proportion
than smaller ones since only large shocks trigger balance sheet ef-
fects, while intervention as a response to small sized shocks would
incentive a raise in dollarization.

III. METHODOLOGY: SMOOTH TRANSITION VAR

The origin of the STVAR methodology goes back to the Time-
Varying Smooth Transition Autoregressive models presented
originally by Terasvirta and Anderson (1992). These autoregres-
sive models rely on the specification of a function related to a
transition or state variable (or set of variables in more elaborate
versions) that will determine the dynamics of the difference equa-
tion that conform the models. Extending them into their VAR
formulation is straightforward. Different functional forms can be

banks’ behavior in dollarized economies, but also the possible loss of access to in-
ternational capital markets and the restrictive balance sheet effects after large
devaluations, and the negative consequences for import activities and the
“Dutch Disease” threat in the case of currency revaluations.

2 The question of whether Peru, where a managed floating exchange rate
regime officially exists, could be catalogued as a “phony floater” has been dis-
cussed at least in two papers (and remains as a non conclusive debate): Castro
and Morén (2000) and Rossini (2001). The former presents evidence in favor of
that hypothesis while the latter rejects it.
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tested for a given state variable. We will use the logistic formula-
tion for the transition function (or G-function) as expressed by
equation (1).

(-0
=0

(1) G(z_;;7.0)=|1+e = where y > 0.

This function takes values from 0 to 1 depending on a given
threshold represented by 6, a smoothing parameter y and the
value of a transition variable z in a given point of time (¢-j), where
o, 1is the standard deviation of z,. As z,;approaches to infinity, the
G-function tends towards 1 whereas when the former approaches
to minus infinity, the function tends to 0. This can be viewed in
figure 1: for greater values of y the G-function behaves more
closely as a dummy variable that activates whenever z,; > 6 (such
as the curve for y=15, where the transition describes an almost
vertical line for z,; = 0).

FIGURE 1. THE SHAPE OF G-FUNCTION FOR THRESHOLD @ = (0 AND DIFFERENT
VALUES OF y
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To understand how a non-linear VAR is built, we start by pre-
senting its moving average representation as:

(2) Y, =[1 —d(L)]'Ce,,

Where Y, represents a k-vector of variables at point ¢ in time
and [I -®(L)]* is an array of parameters and lag operators. C is a
k-by-k matrix that defines interrelations among the system’s vec-
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tor of disturbances ¢ (typically, C is defined as to be an identity
matrix).

The Smooth Transition version for this VAR may incorporate
the G-Function, to yield the following form:

(3) Yt :[1_®1(L)_G(thj)cpz(l-)]ilcgt

The simplest way to interpret equation (3) is to think of the ex-
treme case of y = . One can observe that in such instances, Y,
will be represented by two different linear VARs, operating once
G transits to one of its respective two possible values (i.e., 0 and 1,
since G-function behaves more like a dummy). When y takes
smaller values, the states are no longer two but rather, work as a
continuum that transit smoothly from the extreme situations in
which z,; = -c0 and z,; = . It is also possible to extend (3) in or-
der to include possible exogenous regressors.

IV. THE CORE LINEAR MODEL

We use a core linear model to identify the transmission of struc-
tural shocks through the economy. Later on, we add a non-linear
structure to this model [i.e., we build a setup for (2) and then ex-
tend it to (3)]. The baseline Structural VAR (SVAR) model is built
following Christiano et al. (1999), as the monetary policy’s reac-
tion function is identified by dividing the variables that can be
contemporaneously affected by the policy tools. Thus, the SVAR is
specified in the form of three recursive blocks: variables that are
not contemporaneously affected by monetary policy, policy vari-
ables and variables that may be contemporaneously affected by
the former block.

Regarding the policy block, it is assumed that, as has been re-
cently surveyed by Woodford (2003), money aggregates can be
treated as endogenous to the policy rate when this one is the in-
strument employed by monetary authorities to reach their objec-
tives, as in the Peruvian case.

We further assume that the policy block is unable to affect con-
temporaneously both output and inflation. Moreover, we under-
stand that output is the most exogenous variable of the VAR, as
relevant information for production decisions may take several
lags to be processed. As well, a second assumption regarding the
non-policy block is that inflation has a certain inertial component
but can contemporaneously react to output shocks. Finally, we
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presume that the real exchange rate could respond to all the pre-
viously mentioned variables, even the policy tools,"” so it is the
most endogenous variable of the system.

Consequently, the structural form of our procedure is as fol-
lows:

R =gM, +di+ay, +d,P+ (Y, X )+&
M, =i+ dY,+8P+ (Y, X)+&"
(4) i, =P +dy + (Y, X)) +é
R=doY+ f.(Y1 X, )+5tp
yo= f. (Y, X)) +¢&’

In this formulation, R, M., i, B and Yy, represent the real (bi-
lateral) exchange rate, a money aggregate, the monetary policy
reference rate, the CPI and the output gap, respectively. All vari-
ables are expressed as twelve-month log differences, except for
the policy rate, which is expressed in a simple annual difference.
As well, f, represents a linear function composed by two sets of
information (variables), Y,, and X, . These sets represent infor-
mation regarding to the endogenous and exogenous variables,
respectively, from a given point in time up to periods ¢-1 and ¢,
respectively again. Finally, ¢ symbolizes a given parameter and
&, 1s a stochastic disturbance. The system of equations in (4) takes
the form of (2) once it is expressed in its moving average formula-
tion.

In the Smooth Transition version of this system, we let ¢ to
take different values depending on a transition variable. We dis-
cuss this in the following section.

We estimated this specification using the usual ordinary least
squares procedure. We tried over several tentative models using
alternative variables.'" The exogenous variables corresponding to
X, are reviewed in the Appendix. Lag structure and autocorrela-
tion tests indicated the use of 4 lags in the estimation; in the case
of the exogenous variables, only one lag is added to the contem-
poraneous value.

" As mentioned by Bravo and Garcia (2002), who implement the same SVAR
for the Chilean economy, the central bank may affect the real exchange rate
through the existing connection between the nominal exchange rate, the policy
rate and exchange market interventions.

'* We discuss details on the employed data and the transformations that were
necessary to be performed in the Appendix.
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PANEL FIGURE 1. ACCUMULATED RESPONSES TO A MONETARY IMPULSE (1%
INTEREST RATE INCREASE) IN THE LINEAR MODEL

a) Output Gap Response | b) Inflation Response
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NOTE: Dotted lines represent 95% Monte Carlo-confidence bands (based on 1,000
replications).

1. Linear impulse response functions

The accumulated impulse response functions for the linear sys-
tem expressed by (4) can be observed in Panel Figures 1 and 2.

Panel Figure 1 shows the responses to an increase of 1% in the
policy rate. One can notice that the monetary policy operates in a
traditional fashion causing a reduction in the output gap (Panel
Figure 1.a) and inflation (Panel Figure 1.b). Instead, Panel Figure
1.c suggests the existence of an exchange rate puzzle since an in-
crease in the interest rates causes a real depreciation in opposi-
tion to the appreciatory effect that would prevail in the short run
(if prices were less elastic than the nominal exchange rate, as ex-
pected). We failed to solve this problem by introducing exoge-
nous variables (in alternative estimations), which are typically
suggested as a way to circumvent this type of puzzle (see Chris-
tiano et al., 1998). A similar puzzle was found in Winkelried
(2004) and the author attributed this result to the high volatility

15 . . .
? We show accumulated responses in order to make comparisons more feasi-
ble along the paper.
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and monthly frequency of the data,'®'” and in Parrado (2001) for
the case of Chile, who argued that the managed exchange rate
regime and the taxation of capital inflows could explain this phe-
nomenon. An alternative explanation to this puzzle is that the ex-
tension of the data covers a period of a severe sudden stop, which
was characterized by high interest rates along with depreciating
real exchange rates. Therefore, we estimated an additional (non-
reported) specification of the VAR controlling for the short-term
external liabilities of Peruvian banks —a very proper variable to
capture the capital flows’ sudden stop experienced in Peru after
the Russian crisis of 1998. However, we found no significant
changes in the dynamics compared to those observed in the re-
ported results.

The responses to real exchange rate shocks reported in Panel
Figure 2 show some different dynamics than those expected in
“single-currency” economies. In particular, real exchange rate
depreciation, in contrast to the typical J-curve effect, only pro-
duces a short run significant fall in output.' This result is in line
with the evidence presented by Carranza et al. (2003) and Bigio
and Salas (2004). However, it is difficult to assure whether the
real depreciation is triggering a balance sheet effect that lowers
output in the short run or, rather, this is a consequence of the
central bank’s reaction —the raise in the policy rate shown in
Panel Figure 2.c- or to a combination of both factors. Nonethe-
less, it is hard to believe that only monetary policy is working
here since we have previous empirical evidence of a latent bal-
ance sheet effect in Peru (see section 1I) and, moreover, we find a
positive pass-through rate in Panel 2.b. Again, the rapid signifi-
cant responses are quite intriguing.

In the next section we present the asymmetric version of this
model.

' This might also explain the fast significant responses observed in the im-
pulse response functions. A similar pattern is found in previous exercises which
used monthly Peruvian data (see, for example, Quispe, 2000; Bigio and Salas,
2004; and the same Winkelried, 2004).

17 Accordingly, this problem may be solved in future extensions by employing
data of higher frequency (e.g., quarterly data) —a solution not considered in our
case due to the subsequent loss of degrees of freedom.

' An argument to explain the absence of a medium term competitiveness
gain as a response to the shock is that the Peruvian economy does not substitute
imports substantially with local production. On the contrary, many of its imports
are industrial inputs so depreciations basically have a greater price than substi-
tution effect.
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PANEL FIGURE 2. ACCUMULATED RESPONSES TO A REAL EXCHANGE RATE
IMPULSE (1% INCREASE) IN THE LINEAR MODEL
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V. THE STVAR

1. Testing the Presence of Asymmetries

One can expand the core linear model in (4) into a form such
as (3) and thus we have the non-linear version of the model. Be-
fore presenting estimates for this model, we prove the presence of
non-linearities by testing the null hypothesis Ho: y = 0, where
non-rejection would imply that that the system (3) is linear as in
(2). In standard estimations, one could test any restriction in any
of the VAR equations by building an F-test. The problem with this
procedure is that since y and 6 are not previously known, direct
x> or F distributed tests are no longer valid. A solution proposed
by Lukkonen et al. (1988) is to use a Taylor expansion that dis-
tributes y* and has the additional advantage that it no longer re-
quires an estimate for y or 6.

The first order Taylor expansion of equation (3) takes the fol-
lowing form:

(5) Y, :[l—Fl(L)—Zt_sz(L)]'ngt,
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So that the null hypothesis y = 0 becomes I',(L) = 0. In order
to contrast it, we use the well-known Likelihood-Ratio (LR) test.

We define Q™ and Q""" as the variance-covariance ma-
trixes of the fitted errors extracted from the OLS estimation of (2)
and (5) respectively. The subsequent LR test can be calculated
under the following specification —which includes the modifica-
tion proposed by Sims (1980) to take into account small-sample
bias:

6)  LR=[T—(pk+n,))(Ln[,"™ )~ (k%)

Here, T represents the sample size, p stands for the number of
lags in the VAR, £ is the number of endogenous variables, and ny
is the number of parameters of the exogenous variables estimated
per equation. Notice that what is being tested is the significance of
pk? coefficients. We present the corresponding p-values for all the
variables in our model in Table 1."

non-linear
-Ln|Q,

TABLE 1. LIKELIHOOD-RATIO TEST FOR NON-LINEARITIES: P-VALUES

Transition variable

yt P! it Ml Rt
Lag 1 0.36 0.05 0.00 0.49 0.00
Lag 2 0.00 0.02 0.00 0.00 0.00
Lag 3 0.07 0.02 0.00 0.11 0.00
Lag 4 0.00 0.00 0.00 0.13 0.00
Lag 5 0.18 0.00 0.00 0.24 0.00
Lag 6 0.01 0.00 0.00 0.51 0.00

As observed, the LR test reveals overall non-linearities when
taking (at least one of the lags of) all the series in the system as
transition variable. However, as mentioned before, in this study
we are focusing on the role of the output gap as the state variable,
since the economic theory provides strong arguments to consider
its relevance for the type of asymmetries that we are interested in
explore empirically here. The evidence in Table 1 is also helpful
to pick a certain lag for the chosen transition variable: four of the
six lags considered in the test proved to be statistically appropri-
ate in the case of the output gap.”

9 Equation by equation F-tests were also performed to contrast non-
linearities. The results are available upon request.
?"The final STVAR estimations were performed using the third lag of this se-
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In the following section we present the procedure adopted in
order to parameterize our estimation of the extension of (4)
into (3).

2. Parameterization of the STVAR

In order to choose the correct parameters in (1), namely the
threshold ¢ and the smoothing parameter y, one could use a
maximum likelihood technique with complete information or a
non-linear least squares approach. These procedures have one
possible problem that renders this estimation unfeasible: the
presence of plenty of local maxima. This is because the model is
highly sensitive to y. As a matter of fact, the greater y becomes,
the larger the difference among states because they are condi-
tioned to be more markedly distinct; in contrast, differences
among distinct sign or size shocks will tend to dilute.

We take the same direction as in Weise (1999) who follows
Leybournes et al. (1998) by performing a grid search for y and 6.
We do so by estimating LR tests that compare each non-linear
model for a given pair of parameters y and ¢ against the linear
version. The 3-d plot that results from this search for the case
where the output gap’s third lag is treated as state variable is de-
picted in Figure 2. The range of search for 6 is limited to the
middle quintile of this series” distribution.”

In figure 2, we observe that significant non-linearities are par-
ticularly accentuated for values of 6 equal or higher than zero,
and for high values of y. Hence, we parameterize ¢ very close to
zero, since it is intuitively appealing,” and y=100, a very high
point that will emphasize the contrasts between one state (i.e.,
when y, >0) and the other (y, <0). This parameterization turns
out to be very similar to the one used by Weise (1999) for US data.

ries as the transition variable, since the asymmetric effects proved to be more
clear in the impulse-responses analysis with such election.

2! Because the data is highly concentrated in the middle of the distribution,
when a grid search is performed over broader n-tiles, for high values of 6, the
number of periods that lie within one of the states are too few to perform prop-
erly the test. This particular difficulty is stressed for a high smoothness parame-
ter and provokes distortions in the LR tests.

2 Given our specification of the output gap in the VAR —i.e., transformed as a
twelve-month log difference- the intuition behind 6 = 0 is straightforward: the
threshold is given by the point where the GDP annual growth rate equals the Po-
tential GDP annual growth rate.



S.BIGIO L., J. SALAS M. 41

FIGURE 2. GRID SEARCH: LR P-VALUES FOR DIFFERENT THRESHOLDS AND SMOOTH-
NESS PARAMETERS GIVEN OUTPUT GAP (THIRD LAG) AS THE TRANSITION VARIABLE
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The lag order of the non-linear VAR is 4. We choose this speci-
fication using as a guide the linear model. Weise (1999) also sug-
gests the election of the same lag order used in the linear model
for several other econometric reasons.

We now continue by commenting the results for the non-linear
model estimation in the next section.

VI. RESULTS

1. Output dependant asymmetries of monetary shocks

The first main result of our study is found in Panel Figure 3
where we show the distinct non-linear impulse-response func-
tions.” In panel (a) we find the accumulated response of the output

* These impulse-response functions are not constructed in the same fashion
as in linear models. In the case of non-linear models, impulse response func-
tions are highly dependant on their past history and on the position of the state
variable at a given point in time. Taking expectations over the difference of a
path characterized by a given shock and other where the shock is absent would
not be the appropriate procedure since the dynamics of the function are not
necessarily linear combination of shocks, but rather more complex construc-
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PANEL FIGURE 3. ACCUMULATED RESPONSES TO A MONETARY IMPULSE (1%
INTEREST RATE INCREASE) BY OUTPUT GAP STATE
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(gap) to a 1% increase in the interbank rate depending on the po-
sition of the output gap’s second lag. Dotted lines represent 90%
confidence Generalized Impulse Response Functions (GIRF)
bands both when the (annual growth rate of) output gap was
greater than zero (“high growth”) and for the opposite case (“low
growth”). In particular, though not reported in the paper, non-
accumulated responses show statistical significance between the
third and eighth month after the shock. We can see that about a
year ahead from the shock, the magnitude of the output gap re-
sponse during high economic growth is, on average, two thirds of
the response observed in downturn periods.* In contrast, the re-
sponse of inflation is near the double in the former case [see
panel (b)]. Moreover, the confidence bands depicted in the same
graph suggest a more lasting effect during high growth periods.
This feature may also explain why the policy shock proves to be

tions. So, in contrast, we use the Generalized Impulse Response Function tech-
nique detailed in Koop et al. (1999).

** Notice also that, in general, the magnitudes of responses are more realistic
here than in the linear model. Compare, for instance, the responses for the out-
put gap [i.e., panel figure 1 (a) vs. panel figure 3 (a)].
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significantly more inertial during low growth episodes, as shown
in panel (c). In general, these graphs prove the presence of
asymmetries in terms of the response of some key variables of the
economy to monetary policy shocks.

The evidence also suggests that monetary policy shocks over
the aggregate demand probably dominate those related to an in-
crease in marginal costs (see Castillo and Montoro, 2005). These
findings suggest a convex supply curve as the one attributed by
Weise (1999) to the US economy, in line with the Neo-Keynesian
literature. The likely presence of a latent balance sheet effect
seems not to affect the shape of asymmetries dependent on the
output cycle. In the following subsections we show the effects
once shocks of different size and sign are introduced.

The solid lines in Panel Figure 4 correspond to the expected
impulse response functions, just as in Panel Figure 3, while the
dashed lines represent the responses to 2% shocks in the policy
rate during high and low output starting points. We divide the
response of the 2% shock by two in order to observe if the impact
is more than proportional. As one can observe in panel (a), we find

PANEL FIGURE 4. ACCUMULATED RESPONSES TO A MONETARY IMPULSE (1%
INTEREST RATE INCREASE) BY OUTPUT GAP STATE FOR SHOCKS OF DIFFER-
ENT SIZE

a) Output Gap Response b) Inflation Response
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that a double size shock seems to have no particular asymmetric
effect in terms of the output gap. The opposite is found in terms
of prices: more restrictive shocks generate an even greater restric-
tive response as one observes in panel (b), and this result is accen-
tuated during low growth periods. Both graphs suggest that sup-
ply effects are more relevant in marginal terms the stronger the
shocks become. This issue can be interpreted as support for Neo-
Keynesian arguments that suggest that capital costs translate to
the supply curve once shocks are strong enough as to compensate
nominal rigidities such as menu costs; once adjustment costs
overpass menu costs, relative prices are corrected and hence, the
lesser is the marginal impact in terms of output. Since the share
of capital costs is greater than labor costs in determining the
firms’ marginal costs, our findings are hardly surprising.

Panel Figure 5 compares negative and positive shocks.” Again,
we find no marked asymmetries in output responses but they do

PANEL FIGURE 5. ACCUMULATED RESPONSES TO A MONETARY IMPULSE (1%
INTEREST RATE INCREASE) BY OUTPUT GAP FOR SHOCKS OF DIFFERENT SIGN
a) Output Gap Response b) Inflation Response
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* The impulse response function for expansionary shocks was pre multiplied
by -1 in order to be comparable with the positive shocks.
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appear more clearly in the case of inflation. For low growth peri-
ods, an expansionary shock (i.e. a reduction of 1% in the policy
rate) shows to have greater than proportional effects in terms of
prices and output when compared to restrictive shocks. Con-
versely, for high growth periods, expansionary shocks have less
effect in both output and prices. Hence, this panel figure suggests
something quite appealing: the fact that monetary policy has
more power to contract when the economy is in expansion and
has more power to expand in low growth periods. One reason for
the former case is the existence of capacity constraints that will re-
strict the expansionary power of monetary impulses. We also may
conclude that wage rigidities are not of principal relevance as one
might think since restrictive shocks have less impact on output
precisely when wage rigidities are more damaging, during low
growth periods,” compared to positive impulses during the same
phase.

For the US, Weise (1999) found no sign asymmetries for 1.5%
monetary shocks (in any direction), though when shocks are
raised to a double, the evidence indicates that output and prices
are more responsive to negative shocks, while only prices are re-
sponsive to expansionary shocks in low growth periods.

2. Output dependant asymmetries of real exchange rate shocks

As mentioned in section 1I, for economies that do not suffer
from dollarization one should expect a real exchange rate depre-
ciation to have positive effects on output, some periods after a
slight contraction —the so called “/-curve” shaped effect. For a
dollarized economy such as Peru, this may not always be the case
as one observes in Panel Figure 6.a. As in the linear model, it is
not clear that the quick negative responses of the output gap
surge as a consequence of a balance sheet effect that hits the
economy or by the response of the policy interest rates to this
shock. We believe both effects to be present; moreover, consider-
ing previous empirical research based on firm-level analysis
where the balance sheet effect was found to exist in the Peruvian
economy (see section II). Under such circumstances, monetary
authorities would have incentives to raise interest rates for two
reasons: to counteract the pass-through of the exchange rate to
prices and to avoid the balance sheet effect. Furthermore, given
that monetary policy is said to work with several lags, if output is

% See for example Jackman and Sutton (1982).
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affected almost immediately after the real exchange rate shock, as
our results reveal, it is likely that only the balance sheet effect is
working in the very short run.

PANEL FIGURE 6. ACCUMULATED RESPONSES TO A REAL EXCHANGE RATE
IMPULSE (1% INCREASE) BY OUTPUT GAP STATE

a) Output Gap Response b) Inflation Response
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Panel (a) presents additional evidence, in particular, that the
negative effect in terms of the output gap is greater and lasts sig-
nificantly more when the economy is a low growth context. As a
matter of fact, Panel (c) shows a more aggressive response by
monetary authorities when in low growth thus suggesting greater
fear for abrupt depreciations during these periods. This last point
makes sense taking into account that firms are stand in a more
fragile position when the economy in not growing enough. Turn-
ing back to the effects on output, it is hence not clear whether the
greater impact of the real exchange depreciation on low growth
periods is a consequence of the asymmetric response of the
monetary authorities worried for a greater balance sheet effect, or
by a more damaging balance sheet effect itself. Panel (a) also
shows the apparent absence of a significant long-run positive
output response.

Panel (b) shows a superior pass-through rate when the econ-
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omy is in a high growth period [this is more clear when observing
Panel (b) in Panel Figure 7]. It is again not obvious if this is be-
cause of some overheating in the economy or because the re-
sponse of monetary authorities during these periods is less em-
phatic. In any case, the results are consistent with Winkelried
(2003), who reports an always positive pass-through rate both in
periods of economic growth and downturns. The strong dynam-
ics regarding the evolution of the real exchange rate respond to a
highly persistent autoregressive process.

PANEL FIGURE 7. ACCUMULATED RESPONSES TO A REAL EXCHANGE RATE
IMPULSE (1% INCREASE) BY OUTPUT GAP STATE FOR SHOCKS OF DIFFER-
ENT SIZE
a) Output Gap Response b) Inflation Response
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NOTE: The 2% shocks responses are divided by 2,

When comparing 2% shocks against 1% shocks (Panel Figure
7), we find that double sized shocks have almost the same effect in
terms of output during low growth periods but their effect is
more than proportional when we have high economic growth.
Another relevant idea suggested by panel (a) is that the balance
sheet effect appears regardless of the size of the exchange rate
shock. On the other hand, as expected, the effect in terms of the
pass-through rate is more than proportional in both cases as was
also found by Winkelried (2003).
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Panel Figure 8 shows that negative against positive shocks have
relatively symmetric effects in all variables of the system except
for prices where we find that negative shocks have a lesser than
proportional effect when in high growth. The opposite differ-
ences occur in low growth periods. An interesting general conclu-
sion derived from this evidence is that the balance sheet effect not
only would operate in a single direction, this is, contracting the
output gap after devaluation episodes, as the “classic” approach
to the balance sheet effect sustains, but also having a expansion-
ary impact after a positive shock in the real exchange rate.

PANEL FIGURE 8. ACCUMULATED RESPONSES TO A REAL EXCHANGE RATE
IMPULSE (1% INCREASE) BY OUTPUT GAP STATE FOR SHOCKS OF DIFFERENT
SIGN
a) Output Gap Response b) Inflation Response
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VII. CONCLUDING REMARKS
Several conclusions underlie this study, providing answers to the
main questions that were posed in the initial section of the paper.

We summarize them below.

* Asymmetries regarding the position of the output gap are
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found to be present in the Peruvian economy. In particular, in-
creases in the monetary policy reference rate have 