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Abstract

We develop a reliable financial stress index (F'SI) that can be included in the BCRP’s
toolkit for monitoring financial stability risks (which includes a financial conditions index
and a heat map for the financial system, Growth-at-risk among others), using Principal
Component Analysis (PCA) over a broad set of financial variables covering banking sector,
capital markets, money and foreign exchange markets. To assess the accuracy of the
proposed FSI, we also included in-sample and out sample model performance tests.

After estimating the FSI for the Peruvian economy, we implement a multivariate analysis
to assess the impact from financial stress to the real sector variables. To do so, we perform
the impulse response analysis using Linear Projection methods developed by Jorda (2005).
Since financial stress impact on macroeconomic dynamics is non-linear, we applied nonlinear
impulse response by linear projection developed by Gorodnichenko and Auerbach (2013).
From this analysis we show that during periods of stable financial markets, macroeconomics
dynamics are consistent with the Newkeynesian framework where monetary policy has a
stabilizing role after a demand shock hits the economy. However, during financial stress
episodes, we find that the effectiveness of monetary policy is reduced, given the same shock.
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1 Introduction

The Global Financial Crisis that emerged in the U.S. by the late 2000s and quickly
spread to other countries highlighted the need to understand the structure and the general
condition of the financial sector and the interrelation of the financial conditions with the
real sector. Building an indicator of financial stress is a step forward to understand the
relationship between financial and real sector, and it has grasped significant attention

after the Global Financial Crisis.

An episode of financial stress is defined as a period when the financial system is under
strain and its ability to intermediate is impaired. Also, financial stress can be thought
of as an interruption to the normal functioning of financial markets (Balakrishnan et al.,
2011; Hakkio and Keeton, 2009). More specifically, Hakkio and Keeton (2009) argue that
every financial stress episode shows at least one of the following characteristics in the

financial markets:

Increased uncertainty about fundamental value of assets.

Increased uncertainty about behavior of other investors.

Increased asymmetry of information.

Decreased willingness to hold risky assets (flight to quality).

Decreased willingness to hold illiquid assets (flight to liquidity)

In recent years, there has been an increasing number of studies focusing on constructing
FSI, using different methodologies. Illing and Liu (2006) was the first in constructing
an indicator of stress in the financial system. They use data for foreign exchange, bond,
equity markets and the banking markets to build a FSI for the Canadian financial system.

The variables are aggregated using the size of each markets as weights, and extreme values
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of the indicator are defined as financial stress events.

Hakkio and Keeton (2009) developed a stress index for the US financial system (KCFSI)
using a s set of 11 asset pricing variables that signal uncertainty about fundamental value
of assets, uncertainty about behavior of investors, increasing information asymmetry,
flight to quality and flight to safety. In this paper, these variables are aggregated using

the principal component analysis methodology.

Cardarelli et al. (2011) identifies episodes of financial turmoil for a sample of 16 advanced
economies using a FSI based on high-frequency price variables that can signal stress in
the banking, securities, or foreign exchange markets. The variables then are aggregated

using a variance-weighted average to get the FSI.

Holl6 et al. (2012) introduced a new indicator of stress in the Eurozone financial system
named Composite Indicator of Systemic Stress (CISS). This paper applied the standard
portfolio theory for constructing the aggregated index using a broad set of financial
variables, taking into account the cross correlation among the variables besides their
variances. Thus, this methodology has the advantage to identify an additional source of
systemic stress when the correlation among the variables increases during financial stress

events.

Huotari (2015) constructed a FSI for the Finnish financial system using information from
country’s money market, bond market, equity market and foreign exchange markets and
the banking sector. To aggregate the variables the paper uses the variance-equal weight
(VEW), principal component analysis (PCA) and portfolio theory aggregation methods
(PAM).



Duprey (2020) developed a FSI for the Canadian financial system using information from
equity, government, forex exchange, banking, corporate and housing sectors. This paper

use the portfolio theory approach to weigh each subindex.

Financial stress indexes (FSI) are mostly calculated on a monthly basis for the developed
countries. However, FSI are a relatively new topic for emerging market economies (EME)
and therefore it is important to analyze the interrelation between the FSI and the real
sector, considering that for an EME financial stress can arise not only from domestic
developments but also from global ones. We are mainly interested in financial stress
because of its potential adverse effect on the real economy. While elevated levels of
financial stress are not always followed by a downturn in the real economy, we still
consider a threat to the growth of the real economy as a defining feature of high financial
stress. If systemic financial stress levels can be detected at an early stage, fiscal and

monetary policy measures can be taken to mitigate the potential impact on the economy

The purpose of this paper is to develop a reliable financial stress index that can be
included in the BCRP’s toolkit for monitoring financial stability risks (which includes a
financial conditions index and a heat map for the financial system, Growth-at-risk among
others), using Principal Component Analysis (PCA) over a broad set of financial variables
covering financial sector, capital markets, money and foreign exchange markets. We also
included in-sample and out sample model performance to evaluate the accuracy of the

FSI estimated.

After estimating the FSI for the Peruvian economy, we implement a multivariate analysis

to assess the impact from financial stress to the real sector variables. To do so, we



perform the impulse response analysis using Linear Projection methods developed by
Jorda (2005). Since financial stress impact on macroeconomic dynamics is non-linear,
we applied nonlinear impulse response by linear projection developed by Gorodnichenko
and Auerbach (2013). From this analysis we show that during periods of stable financial
markets, macroeconomics dynamics are in line with the Newkeynesian framework where
monetary policy has a stabilizing role after a demand shock hits the economy. However,
during financial stress episodes, we find that the effectiveness of monetary policy is

reduced.

The remainder of this paper is organized as follows: section 2 explain the methodology
used in the paper, Section 3 presents the data used and results from the FSI, section
4 presents the analysis of the interaction between financial stress and macroeconomic

dynamics and section 5 concludes.

2 Methodology of a Financial Stress Index for Peru

To construct the Financial Stress Index for the Peruvian Economy, we select a set of
different variables from the banking sector!, domestic and foreign financial markets,
money market and foreign exchange market. The selected series have been used to
monitor risks to financial stability by Central Bank of Peru (i.e., those series have been
used to construct the heat map for the financial system and the Growth at risk analysis

included in the Central Bank of Peru’s Financial Stability Report?).

!Banking sector in Pert includes banks and other financial institutions that provides credit to the
private sector

2For heatmap methodology see Quintana et al. (2020) and for the Growth at Risk methodology see
Chicana and Nivin (2021).



The methodology for the construction of the FSI consists of three steps: (i) the selection
of the relevant indicators of the Peruvian financial market, (ii) the standardization of the
indicators, and (iii) the aggregation of all indicators in an index for each segments and

overall, that characterizes the financial cycle.

Table 1: Methodology

I) Selection of IT) Standardization IIT) Aggregate index

variables

A set of 27 = Each wvariable is = FEach wvariable is

representative transformed to aggregated using a

variables  were have a stationary PCA model for each

selected. series. Then a segment and for the
standardization  is whole system.

made  using  the
EWMA standard

deviation.

2.1 Selection of indicators

The number of indicators used is representative of the broad Peruvian’s financial system.
The frequency of the data is monthly and updated in an period of no more than a month
and a half. The series are classified into three segments : (i) capital market, (ii) banking
sector, and (iii) money and foreign exchange market. In the case of banking sector
indicators, the characterization of Peruvian financial cycle must be consistent with the
off site analysis of the financial institutions, considering the risk thresholds for balance
sheet’s variables (capital adequacy, asset quality, management, earnings and liquidity).

Also, for both the money and capital markets, the data set considers indicators of asset



valuation, risk and liquidity premiums, extreme values and volatility.

The information of the 27 indicators and their transformation are shown in table 2.

2.2 Standardization

The treatment of the data begins ensuring the stationary of majority of the variables.
Therefore, in some cases the trend component is eliminated, by calculating the annual
variation of the variables that require it or using the HP filter. Only the cyclical
component of the indicator is used. Subsequently, each variable x; is demeaned by
its sample mean p; and divided by its moving standard deviation (obtained from the

EWMA methodology) as follow:

Tit — My
k
Ot

Zit =

where z;; represents a standarized stationary financial variable, u; represents its sample
mean, and o}, represents its smoothed standard deviation which is a root average between

the sample variance and the variance obtained from a EWMA model:

* L, 1,
Ot = §Uit+§UEWMA,it

where 02 is the sample variance and o%;;,,,44 1S the variance obtained by a EWMA

model, which is calculated as:

UzEWMA,z‘t = 0'940]2'3WMA,it—1 + (1= 0.94) (zi — ps)”

Additionally, the sign of the resulting standardized variable is modified in such a way

that a higher value reflects a greater degree of vulnerability.



Table 2: Indicators

Indicator Measure
I. Banking Sector
1 Loans - Firms Var.% 12 M
2 NPL - Firms Var. % 12 M
3 Provisions - Firms * Var. % 12 M
4 Loan- Households Var. % 12 M & HP
filter
5 NPL - Households Var. % 12 M
6 Provisions - Households * Var. % 12 M
7  Consumer average loan Var. % 12 M
8 Financial Margin Var. % 12 M
9 Short term foreign liabilities (% total — Var. % 12 M
liabilities)
10 Liquid assets/Short term liabilities Var. % 12 M
11 Capital surplus Var. % 12 M
* Only specific Provisions
II. Capital Markets
12 Spread: (BTP 10 years rate - average rate Level
CDBCRP)
13 EMBIG Peru Level
14  Foreign ownership of BTP ( %) Var. % 12 M
15 CEMBI Peru Level
16 Private Pension Fund (Quote Fund 2) Var. % 12 M
17 Lima Stock Exchange Index Var. % 12 M
18 Volatility Lima Stock Exchange GARCH (1,1)
19 Cooper-LME (USD per pound) Var. % 12 M
20 CBOE Volatility Index Level
21 Global Spread - MSCI Level
22 USA Spread: (US10Y - US3M) Level
III. Money and FX Markets
23 Liquid Assets of Banks Var. % 12 M
24 Spread: Corporate rate - Interbank rate Level
25 Exchange rate Var. % 12 M
26 FX Volatility GARCH (1,1)
27 Net International Reserves Var. % 12 M




2.3 Aggregate Index

A single aggregate index is built to capture financial stress conditions of each of the
financial system’s segments. The literature establishes various criteria in the indicator
aggregation process. The most selected methods in recent literature are market weights
(Illing and Liu, 2006; Oet et al., 2015), variance-weighting (Cardarelli et al., 2011),
portfolio theory (Holl6 et al., 2012; Duprey, 2020) and principal component analysis
(Hakkio and Keeton, 2009).

For the construction of the Peruvian’s FSI, we use the principal component analysis
(PCA) methodology since it is a well known econometric method with a proven track
record in macroeconomics and finance. Moreover, it is simple to communicate. Therefore,

We proceed as follow:

Let {z;;} be a set of k standardized financial variables and X; = (21 xoy ... 1), then

the first principal component Z; solves

max Var(\NX;)
st. NA=1

Where Z;, estimated by PCA, is equal to the eigenvector associated with the eigenvalue
with the highest value in the variance-covariance matrix of the the variables ¥ = F(X'X).
The aggregation by principal components captures the joint variation of the data as well

as its pattern of correlations.



3 Results

Using the indicators showed in table 2, we estimated three subindexes for the capital
market, banking sector and money and FX markets. In addition, we computed the

aggregated FSI as the first principal component of the broad set of variables.

3.1 Capital markets subindex

The FSI of the capital market segment shows stress conditions during the episodes of
the global financial crisis of 2008 (GFC), the taper tantrum period, the Fed’s tightening

cycle, political uncertainty events and the Covid-19 crisis.

In the 2008 crisis, the indicators for both the fixed income and equity markets reflect
significant losses, given sharp reduction of asset prices amid high volatility in those
markets. Also, there were huge losses in the local stock market, as well as in the value
of private pension funds (profitability Real Fund 2 registered a rate of -32% at the worst
moment of the financial crisis). During this period, the risk aversion indicator in the
fixed income market (EMBI) registered an average increase of 193 basis points between

2008 and 2009 with peaks of more than 600 basis points at the height of the crisis.

After the GFC, the capital market stress index reflects worsening conditions coinciding
with two events: (i) the Fed’s “taper tantrum” in 2013, after announcing the end of its
monetary expansion program, which generated an adjustment in the perception of risk
by international investors and volatility in financial and exchange markets in emerging
economies; and, (ii) fears of a slowdown in the Chinese economy, and the consequent fall
in commodity prices, affecting emerging markets exposed to the evolution of the Asian

economy. However, the increase in aversion in these two episodes was less than in the

10



GFC episode. Unlike developed economies, the tapering episode was reflected in unusual
increases in the EMBIG and CDS indicators. Likewise, lower returns were observed from
the BVL and Fund 2 of the pension portfolio managed by the AFPs, in a context of

greater FX volatility.

At the beginning of 2018, the index showed slack conditions in a context in which the
S&P 500 index registered sustained returns. However, the threat of a rise in tariffs on
products from China by the United States of America translated into increases in the
VIX index as well as in falls in the S&P 500 index during 2018. In this context, the Fund
2 of the AFPs showed losses as well. This evolution was reinforced by the context of local

political uncertainty that led to the resignation of the incumbent president.

Finally, after the period of high volatility registered in the first half of 2020 caused by
the Covid-19 crisis, the capital market stress index showed a gradual recovery. The
stabilization of international financial markets and the rise in the price of copper favored
the evolution of local securities markets. Likewise, the recovery of financial markets in

developed economies was positively reflected in the value of local pension funds.
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Figure 1: Stress Subindex for the Peruvian capital markets

3.2 Banking sector subindex

The Banking sector stress indicator also reflects the episodes of the global financial crisis
of 2008, the taper tantrum period, Fed’s tightening cycle, periods of political uncertainty
and the Covid-19 crisis. Unlike the indicator in the capital market, a pattern of lags is

observed in the case of the banking sector.

During the GFC, a rapid growth of the non-performing portfolio was observed, in line with
the abrupt slowdown in domestic economic activity. This evolution caused an increase in
the expense of provisions and lower profitability of the banks. As a corrective measure,
local banks tightening conditions to grant credits. As a consequence, there was a rapid
reduction in average consumer credit debt in the years following the crisis. However, the

portfolio quality indicators continued to deteriorate towards the end of 2009.

After the international financial crisis, the banking sector did not consistently reflect slack

conditions, associated with the continuous growth of delinquency indicators, although
12



high solvency and profitability levels.

In the case of the Covid-19 crisis, the indicator of the banking sector registered higher
stress conditions. The strength of the financial system and the measures implemented
by the authorities to mitigate the macro-financial risks derived from the crisis, specially
measures to sustain the credit flows. Credit have accelerated since May 2020 and interest
rates have fallen to historic lows, given Reactiva Peru Program. With this policy, the
central bank provided additional liquidity to local banks in order to increase the amounts

of credits to Corporate and SME businesses, using as collateral governments guarantees.

Figure 2: Stress Index for the Peruvian banking sector

3.3 Money and foreign exchange markets subindex

The Money and FX Market indicator shows stress conditions associated with the same
financial stress events. In the case of the GFC, the monetary policy of the BCRP was
oriented towards maintaining its liquidity in the financial system by reducing the reserve

requirements in domestic and foreign currency. Also, there was a reduction of the policy
13



rates.

During the Fed’s “taper tantrum”, starting in the second half of 2013, there was an
increase in volatility in financial markets. Additionally, in 2014 there was a process
of substitution of credits towards those denominated in soles. In that year, credits in
national currency expanded rapidly, while those in foreign currency remained stable.
The BCRP injected liquidity into the system through Repurchase Agreement (Repo)
using US Dollars as collateral (known as FX Swap) to contribute to the de-dollarization

process of credit.

The Covid-19 crisis caused a large-scale liquidity injection by the BCRP through the
implementation of the Reactiva program (equivalent to 8.2% of GDP), greater than the
operations of the de-dollarization program or the international financial crisis (5.2% and
2.2% of GDP, respectively). For this reason, the MM market indicator shows slack

conditions in the months following the outbreak of the health crisis.

Figure 3: Stress Index for the Peruvian money and FX market
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3.4 Aggregated FSI

Figure 4 summarizes the historical evolution of stress events in the Peruvian financial
market identified by the FSI. The stress episodes characterize particularly the GFC, the
Taper Tantrum period that began in 2013, the El Nino phenomenon of 2016 and the
beginning of the cycle of hikes in the Fed’s benchmark rates, periods of political crisis

and the recent Covid-19 Crisis.

In the most recent case of the Covid-19 crisis, which began in the second quarter of
2020, the lower values of the FSI in the beginning of 2021 indicates that this crisis has
dissipated rapidly. The stress associated with the Covid-19 has been similar to the GFC
in terms of magnitude. The shorter duration of the recent crisis in relation to previous
episodes is associated with the rapid policy response to stabilize markets and liquidity
expansion measures by the authorities of both developed and emerging economies. The
factors that favor the decrease in the values of the aggregate index were reinforced with
more favorable financial conditions in the external market and the gradual recovery of

the economy.

Likewise, a normalization of the domestic capital market is observed. The indicators
show a normalization process in the external sector indicators and in the local equity
markets in the first quarter of 2021 in the capital market segment. The global economic
recovery process, given the advances in vaccination processes and the implementation
of economic policy measures to support activity, have allowed the perception of risk in
financial markets to dissipate. For example, the VIX index registered values of less than
20% last March, characterizing an environment of low volatility in the markets. A similar
evolution is observed in the equity market, since most indicators such as the performance

of Fund 2 of the private pension system and the liquidity of the stock market have shown
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significant improvements compared with pre-crisis levels. On the other hand, the fixed
income market has registered slight deterioration in the first quarter of 2021, given the
increase in medium-term international interest rates and the increase in country risk

premiums.

The financial system indicators have remained stable during the health crisis, given a solid
initial financial position, liquidity and capital levels. In addition, local banks reduced

costs to mitigate the impact of non-performing loans on profitability.

In the case of the money market, the high injection of liquidity made by the BCRP and
the intervention scheme in the FX market were reflected in the rapid convergence of the

aggregate index to ease conditions.

Unlike the GFC, the size of the intervention was more powerful. For example, the injection
of liquidity was 8.2% of GDP, in contrast to 2.2% of GDP during the GFC. Likewise, the
better position of the Peruvian economy -lower degree of dollarization, greater availability
of foreign reserves, greater solvency and capital adequacy of the banking system- have
contributed to absorb negative financial shocks, which have resulted in the rapid recovery

of indicators in the overall FSI.

In synthesis, the aggregate Peruvian FSI summarized the relevant information from
all three segments of the Peruvian financial sector. The highest values of the index,
associated with heightened financial stress, are related to the Great Financial Crisis and
the Covid-19 crisis. However, the latter produced a shorter period of stress due to the

policy measures implemented globally and locally to stabilize financial markets.
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Figure 4: Financial Stress Index for the Peruvian economy

3.5 Model evaluation
3.5.1 Internal validation

The objective of this exercise is to evaluate the relevance of FSI indicators on each of the
individual variables. With this in mind, the exercise assesses whether the aggregate or
segment FSI indicator lagged helps to explain each of the 27 individual variables used in
the model in terms of mean square error of out-of-sample errors (one prediction period
for 18 periods). The specifications are ARMA (used as benchmark) and ARMA-X are as

follows:

xy = ARMA(p, q)

e = ARMA(p,q) + an F ST,

17



Ty = ARMA(p, Q) -+ 061PCA125,1 + OéQPCAngfl -+ OégPCABtfl

In general, the results in Table 3 show that adding the FSI indicator is informative for
each of the variables, since the MSE is lower in most cases. The indicators of the banking
system stand out, since adding the risk indicator reduces the mean square error by more
than 80 % in the majority of indicators. For the case of the liquidity indicator and
provision ratio, the MSE represents 30.6% and 40.2%, respectively, with respect to the
benchmark case. In the case of the capital market indicators, the fixed income and equity
indicators show the greatest improvements in terms of MSE when the FSI indicators are

added as an explanatory variable to the ARMA specification.
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On the other hand, for the risk aversion indicators (Stock volatility, VIX index and global
spread) the MSE is higher when the FSI indicators are added. This result is usual in other
applications, since the errors of volatility indicators are not well behaved and the ARMA-
X specifications do not show high fit. For this type of variables, a comparison could be
made with specifications that consider regime switching, since they can be modeled with

non-linear specifications.

3.5.2 External validation

The financial cycle can have negative effects on economic activity. For example, lower
asset prices and higher premiums for liquidity and insolvency risk lead to a reduction in

the value of the families’ portfolio and, therefore, their consumption and investment levels.

We evaluate the effects of the FSI on the real economy. First, the cyclical component of
the monthly GDP indicator is used as dependent variable as a function of its own lags as

well as alternative measure of the FSI (ARMA-X) as shown in Table 4.

Table 4: Out of sample error of y;, given specifications

Model MSE AlIC

1 y.=ARMA(1, 2.6647 151.2

w W

)
1 ) + 041PCA175,1 + OéQPCAQtfl + OégPCABtfl 1.4438 161.8

Y

3y = ARMA(L,

(
( + C)élBSlt_l + O{gMKlt_l + OégMMBt_l 1.5267 146.3
(

3)
4 y, = ARMA(1,3) + o, PCAL,_, 1.5350 149.7

The first specification does not include any FSI indicator. This ARMA model is used as
a benchmark. In the rest cases, the ARMA specification includes exogenous variables of
measures of the FSI (PCA aggregated or by segments). The evaluation is carried out by
comparing the squared error of the out-of-sample errors. Thus, the initial cut-off date

20



corresponds to September 2018 and the one period errors ahead are computed for the
following 15 periods (until March 2020). The results for the out-of-sample MSEs as well

as the AIC information criteria are presented in table 4.

The MSE show that the FSI indicator outperforms the benchmark model in all the 3
different specifications that includes a measure of FSI. While according to AIC, including
either the three financial stress sub-indexes or the agreggated FSI outperform the best

univariate process for GDP.

Alternatively, the MSE errors will be evaluated for 12 periods ahead without widening
the sample window. Considering September 2018 as the cut-off date, the results of Figure
5 indicate that the specification of Model 4 shows the lowest mean square errors out of
the sample for all prediction horizons. In the rest of the specifications, the biases of ahead
errors are not so different with respect to the benchmark specification. Therefore, these

results support the need to use the FSI to explain the dynamic of economic growth.

Figure 5: Out of sample error ¢t + h steps ahead of the GDP cyclical component, given
model
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4 Financial Stress and Macroeconomic Dynamics

The previous sections were dedicated to the construction of a financial stress index for
Peru. It is important to monitor the conditions in the financial sector since it tends
to amplify negative shocks to the real economy. Thus, in this section, we focus on the

relationship between financial stress and macroeconomic outcomes.

We provide a simple framework to illustrate the negative relationship between financial
stress and macroeconomic dynamic. Since during calm times standard macroeconomic
model can explain real sector dynamic while during stress episodes amplification effects
occur, impairing the response of output to real and financial shocks. Therefore, recent

literature has taken into account this nonlinear effect of financial shocks to the macroeconomy.

Traditionally, an analysis of impulse-response from a structural vector autorregression
(SVAR) model has been used to assess the impact of financial development to the real
sector. However, to capture nonlinear effects of financial shocks, recent literature have
focused mainly in two methodologies: Threshold Structural Verctor Autorregressions

(TVAR) and Markov Switching Vector Autorregressions (MS-VAR).

Davig and Hakkio (2010) use a MSVAR model in order to assess the nonlinear dynamics
between high and low financial stress regimes within the United States and find that
during high stress regime the decline in real activity is 50% larger and longer lasting than
within the low stress regime. Also, Hubrich and Tetlow (2015) uses a MSVAR that allows
for two regimes, calm times and stress times, and find that a shift to a stress event is
highly detrimental to the outlook for the real economy, and that conventional monetary

policy is relatively weak during such periods.
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Alternatively, Li and St-Amant (2010) use a TVAR model in order to assess the impact
of shocks to Canadian financial stress on the real economy as well as the asymmetric
effects of monetary policy within both a low and high Canadian stress regime. They find
that monetary policy actions have stronger effects when financial stress is high and that
tightening monetary policy tends to have more impact than easing. Also, Duprey (2020)
uses a Bayesian TVAR model that allows for macroeconomic dynamics to differ across
regimes, identified by the level of an observed threshold variable (which is the FSI). He
shows how financial stress and worsening macroeconomic conditions amplify each other,

arguing that episodes of elevated financial market stress show a deeper correction of GDP.

Instead of using MSVAR or TVAR, our main contribution is capture the nonlinear effect of
financial stress using state dependent impulse response from a linear projection model as
suggested by Gorodnichenko and Auerbach (2013) and Barnichon and Brownlees (2019).
The first paper focused on estimate the state contingent response of fiscal policy during
expansions and recessions, while the second paper focused on analyze how different is the
effect of monetary policy during economic expansion and recessesion. In our paper, we
focused on episodes of financial stress and calm times, and how these regimes affects the

interrelation between macroeconomic variables.

State dependent IRFs using linear projection methods have several advantages over
TVAR and MSVAR models. First, IRFs by linear projection methods do not use a VAR
structure and therefore it is more flexible to capture the evolution of macroeconomic
variables especially when the relationship among the variables is nonlinear. Moreover,
State dependent IRFs using linear projection do not assume that the economy stays in
th current state over the horizon in which the impulse responses are calculated, which is

the case of TVAR. Also, with linear projection IRF we can only focus in the response of
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the variable we are interested in, instead of estimate the whole system as in the case of

using VAR IRFs.

4.1 Estimation of Impulse Responses by Local Projection
4.1.1 Methodology

Let Y; = (g4, ™, 41, €)' a vector of macroeconomics variables for a small open economy,
where g, is growth rate of GDP, 7, is inflation, 7; is monetary policy rate and e; is effective
real exchange rate. Following Jorda (2005) and Barnichon and Brownlees (2019) we define

the linear projection model model:

K

Yirh = Q(py + Bnyxs + Z Vi(h) Wiyt + U(h)e+h
k=1

Where y; is the response variable, z; is the impulse variable and wy;(k = 1...K) is a set of
control variables (which included lagged values of y; and ;). Then the impulse response

function (IRF) of y; to a shock on x; of size ¢ is:
IRP(h,6) = fyd

To incorporate the effect of financial stress on macroeconomic dynamics, we follow Gorodnichenko

and Auerbach (2013) and define the state dependent linear projection model:

K

Yern = a1 — F(zi-1)] | By, mwe + Z Vi(h),R1W,t
k=1

K

+F(2-1) lﬁ(h),Rﬂt +Z%(h),32wk,t FUR)i+h
st

where z; is an indicator of financial stress, normalized to have zero mean and unit
variance. The weights assigned to each regime for a given observation vary between

0 and 1 according to weighting function F'() which depends to the state of financial
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stress.
e T#

Fla) = ==

Then, the state dependent IRF is calculated as follows:

IRF(h, R1,8) = B(n),r10

IRF(h, R2,6) = B(n),r20

where IRF(h, R1,6) represent the impulse response function during normal times and

IRF(h, R2,0) represents the impulse response function during episodes of financial stress.

4.1.2 Estimation for the Peruvian Economy

We use monthly data from September 2007 to September 2020 with four endogenous
variables in the system. The annualized growth rate of real GDP, the annualized CPI
inflation rate, the monetary policy rate, and the annualized variation in the real effective
exchange rate which summarizes the relevant external conditions for Peru. A simple first
baseline estimation is conducted with these variables. The specification includes two lags

as suggested by the information criterion.

The system described above is extended to include a nonlinear framework with two
regimes in order to incorporate the macroeconomic impacts of financial stress,. Therefore,
the estimation has two macroeconomic dynamics: State 1 that can be considered as
normal times, and State 2 which contains the periods of elevated financial stress. The
Financial Stress Index is the variable z; in the logistic function F() that computes the
state probabilities. We fix v = 0.8 so that about 30 percent of the time are periods of

high financial stress (probability of 80 percent or higher to be in State 2)3.

3We also considered different reasonable values for v and obtained similar results.
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Figure 6 shows the weighting for the financial stress state. It captures five relevant
periods: two related to the Federal Reserve monetary policy normalization (taper tantrum
and Fed’s tightening cycle), two global crises (the 2008 financial crisis and the Covid-19
crisis), and one related to a local political turmoil period. External factors are relevant

for the Peruvian financial sector, especially those linked to US dollar interest rates.

Figure 6: Weight on Financial Stress State and Relevant Periods
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4.2 Financial Stress and its Effects on Macroeconomic Outcomes

Our results for a negative one percentage point shock to GDP with monthly data and
68 percent confidence intervals are summarized in Figure 7. Panel (a) shows the impulse
responses for the baseline case where no considerations regarding financial stress are
addressed. However, the main interest in this section is to analyze if financial stress

affects macroeconomic dynamics. Panel (b) and (¢) show the results for this case.
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Figure 7: Impulse responses to a negative one percentage point shock to GDP

(a) Baseline Case
GDP on GDP

-0.25
-0.50
-0.75
-1.00

(b) State 1: No Financial Stress

GDP on GDP

0.0

-0.5

-1.0

-15

(c) State 2: Financial Stress
GDP on GDP

2 4 6 8 10 12 14 16 18 20 22 24

GDP on Inflation

4 6 8 10 12 14 16 18 20 22 24

GDP on Inflation

2 4 6 8 10 12 14 16 18 20 22 24

GDP on Inflation

2 4 6 8 10 12 14 16 18 20 22 24

GDP on Monetary Policy Rate

4 6 8 10 12 14 16 18 20 22 24

GDP on Monetary Policy Rate

0.1
0.0
-0.1
-0.2
-0.3

2 4 6 8 10 12 14 16 18 20 22 24

GDP on Monetary Policy Rate

2 4 6 8 10 12 14 16 18 20 22 24

GDP on Real Effective Exchange Rate

4 6 8 10 12 14 16 18 20 22 24

GDP on Real Effective Exchange Rate

2 4 6 8 10 12 14 16 18 20 22 24

GDP on Real Effective Exchange Rate

2 4 6 8 10 12 14 16 18 20 22 24

4 6 8 10 12 14 16 18 20 22 24

2 4 6 8 10 12 14 16 18 20 22 24

Note: Impulse responses with 68 percent confidence intervals. X-axis units in panels are months and

Y-axis units are percentage points.

The overall result is in line with macroeconomic theory. In all cases, when a negative

shock hits GDP, the system reacts as expected for a small open economy with a reduction

in inflation, monetary policy becomes expansive, and the exchange rate depreciates.

However, there are significant differences in the dynamics of the variables if the financial

system is under stress or not.

In the case of no financial stress, panel (b) from the previous figure, conventional monetary

policy is a powerful stabilizing tool and the system behaves in the desired manner as in

the standard Newkeynesian Model. It takes fewer periods to recover from the negative

shock to GDP, monetary policy needs to be expansionary for a shorter time, the exchange

rate properly works as a shock absorber, and there is a limited impact on inflation.
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Contrary to the previous case, it is a prolonged process to recover from the negative shock
to GDP when the financial system is under stress, as panel (c¢) from the previous figure
shows. In this scenario, the effectiveness of conventional monetary policy is reduced,
despite the need to be more expansionary, and the impact of the shock on the inflation

rate is considerable.

The results in this section highlight two main points:

1. Financial stability has a relevant role for the central bank to accomplish its objectives.
That is straightforward since the central bank uses the financial system as an
intermediary for its monetary policy. However, our contribution is to quantify how
different macroeconomic outcomes can be in the presence or absence of financial

stress for the Peruvian economy.

2. It is important to have a range of policy instruments in order to control the shocks
to the economy in different scenarios. Conventional monetary policy is not enough
when the financial sector is under stress. In this scenario, other monetary policy
tools and coordination between fiscal and monetary policy become more relevant.

Recently, the Covid-19 crisis provides a clear example in the case of Peru.

5 Conclusions

The Financial Stress Indicator estimated in this paper provides a relevant tool for monitoring
the vulnerabilities and risks to financial stability in the Peruvian Economy and therefore
can be included in the BCRP’s toolkit for monitoring financial stability risks (which
includes a financial conditions index and a heat map for the financial system, Growth-

at-risk among others). Through this FSI policymakers can have additional information
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about the building up of financial stress and identify its determinants in order to take

action to preserve financial stability and mitigate the impact on the economy.

Moreover, this paper highlights the importance of realizing that the economy react
differently depending the state of financial market. Using state dependent IRFs from
linear projection methods, we show that during periods of stable financial markets,
macroeconomics dynamics are consistent with the newkeynesian framework where monetary
policy has a strong stabilizing role after a demand shock hits the economy. However,
during financial stress episodes, we find that the effectiveness of monetary policy is
reduced. This results reinforce the use of additional policy instruments to stabilize the

economy during an episode of financial stress.

29



References

Ravi Balakrishnan, Stephan Danninger, Selim Elekdag, and Irina Tytell.  The
transmission of financial stress from advanced to emerging economies. FEmerging
Markets Finance & Trade, 47:40-68, 2011. ISSN 1540496X, 15580938. URL http:

//www.jstor.org/stable/23047442.

Regis Barnichon and Christian Brownlees. Impulse Response Estimation by Smooth Local

Projections. The Review of Economics and Statistics, 101(3):522-530, July 2019. URL

https://ideas.repec.org/a/tpr/restat/v101y2019i3p522-530.html.

Roberto Cardarelli, Selim Elekdag, and Subir Lall. Financial stress and economic
contractions.  Journal of Financial Stability, 7(2):78-97, 2011. URL https://

EconPapers.repec.org/RePEc:eee:finsta:v:7:y:2011:1:2:p:78-97.

Diego Chicana and Rafael Nivin. Evaluating Growth-at-Risk as a tool for monitoring
macro-financial risks in the Peruvian economy. IHEID Working Papers 07-2021,
Economics Section, The Graduate Institute of International Studies, April 2021. URL

https://ideas.repec.org/p/gii/giihei/heidwp07-2021.html.

Troy A. Davig and Craig S. Hakkio. What is the effect of financial stress on economic
activity. FEconomic Review, 95(Q II):35-62, 2010. URL https://ideas.repec.org/

a/fip/fedker/y2010iqiip35-62nv.95n0.2.html.

Thibaut Duprey. Canadian financial stress and macroeconomic condition. Canadian

Public Policy, 46(S3):5236-5260, 2020. doi: 10.3138/cpp.2020-047.

Yuriy Gorodnichenko and Alan J. Auerbach. 2. Fiscal Multipliers in Recession and
Ezpansion, pages 63-102. University of Chicago Press, 2013. doi: doi:10.7208/

9780226018584-004. URL https://doi.org/10.7208/9780226018584-004.

30


http://www.jstor.org/stable/23047442
http://www.jstor.org/stable/23047442
https://ideas.repec.org/a/tpr/restat/v101y2019i3p522-530.html
https://EconPapers.repec.org/RePEc:eee:finsta:v:7:y:2011:i:2:p:78-97
https://EconPapers.repec.org/RePEc:eee:finsta:v:7:y:2011:i:2:p:78-97
https://ideas.repec.org/p/gii/giihei/heidwp07-2021.html
https://ideas.repec.org/a/fip/fedker/y2010iqiip35-62nv.95no.2.html
https://ideas.repec.org/a/fip/fedker/y2010iqiip35-62nv.95no.2.html
https://doi.org/10.7208/9780226018584-004

Craig Hakkio and William R. Keeton. Financial stress: what is it, how can it be measured,

and why does it matter? FEconomic Review, 94(Q II):5-50, 2009.

Daniel Holl6, Manfred Kremer, and Marco Lo Duca. CISS - a composite indicator of
systemic stress in the financial system. Working Paper Series 1426, European Central

Bank, March 2012. URL https://ideas.repec.org/p/ecb/ecbwps/20121426 .html.

Kirstin Hubrich and Robert J. Tetlow. Financial stress and economic dynamics:
The transmission of crises. Journal of Monetary Economics, 70(C):100-115, 2015.
doi: 10.1016/j.jmoneco.2014.09. URL https://ideas.repec.org/a/eee/moneco/

v70y2015icp100-115.html.

Jarkko Huotari. Measuring financial stress — A country specific stress index for Finland.
Research Discussion Papers 7/2015, Bank of Finland, March 2015. URL https://

ideas.repec.org/p/bof/bofrdp/2015_007 .html.

Mark Illing and Ying Liu. Measuring financial stress in a developed country: An
application to canada. Journal of Financial Stability, 2(3):243-265, 2006. URL

https://EconPapers.repec.org/RePEc:eee:finsta:v:2:y:2006:1:3:p:243-265.

Oscar  Jorda. Estimation and inference of impulse responses by local
projections. American  Economic Review, 95(1):161-182, March 2005. doi:
10.1257,/0002828053828518. URL https://www.aeaweb.org/articles?id=10.

1257/0002828053828518.

Fuchun Li and Pierre St-Amant. Financial Stress, Monetary Policy, and Economic
Activity. Bank of Canada Review, 2010(Autumn):9-18, 2010. URL https://ideas.

repec.org/a/bca/bcarev/v2010y2010iautumn10p9-18.html.

Mikhail V. Oet, John M. Dooley, and Stephen J. Ong. The Financial Stress Index:

31


https://ideas.repec.org/p/ecb/ecbwps/20121426.html
https://ideas.repec.org/a/eee/moneco/v70y2015icp100-115.html
https://ideas.repec.org/a/eee/moneco/v70y2015icp100-115.html
https://ideas.repec.org/p/bof/bofrdp/2015_007.html
https://ideas.repec.org/p/bof/bofrdp/2015_007.html
https://EconPapers.repec.org/RePEc:eee:finsta:v:2:y:2006:i:3:p:243-265
https://www.aeaweb.org/articles?id=10.1257/0002828053828518
https://www.aeaweb.org/articles?id=10.1257/0002828053828518
https://ideas.repec.org/a/bca/bcarev/v2010y2010iautumn10p9-18.html
https://ideas.repec.org/a/bca/bcarev/v2010y2010iautumn10p9-18.html

Identification of Systemic Risk Conditions. Risks, 3(3):1-25, September 2015. URL

https://ideas.repec.org/a/gam/jrisks/v3y2015i3p420-444d55870.html.

Derry Quintana, Diego Chicana, Alex Cisneros, Rafael Nivin, Elmer Sanchez, and Diego
Yamunaqué. Mapa de Calor para el Sistema Financiero Peruano. Revista Fstudios

Economicos, (39):21-58, 2020.

32


https://ideas.repec.org/a/gam/jrisks/v3y2015i3p420-444d55870.html

	1 Introduction
	2 Methodology of a Financial Stress Index for Peru
	2.1 Selection of indicators
	2.2 Standardization
	2.3 Aggregate Index

	3 Results
	3.1 Capital markets subindex
	3.2 Banking sector subindex
	3.3 Money and foreign exchange markets subindex
	3.4 Aggregated FSI
	3.5 Model evaluation
	3.5.1 Internal validation
	3.5.2 External validation


	4 Financial Stress and Macroeconomic Dynamics
	4.1 Estimation of Impulse Responses by Local Projection
	4.1.1 Methodology
	4.1.2 Estimation for the Peruvian Economy

	4.2 Financial Stress and its Effects on Macroeconomic Outcomes 

	5 Conclusions



