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Abstract

This paper provides several estimates of the parameters of a GARCH model for the S&P500 index, based on: (i)
returns, (ii) returns and CBOE VIX, and (iii) returns, CBOE VIX, and other option-based indexes reported by the
Federal Reserve of Minneapolis. We conclude that by including option-based indexes alternative calibrations are
obtained, which can be used to compute improved tail-risk statistics under the risk neutral measure, providing a

better assessment of the occurrence of extreme events.

Resumen

Este articulo proporciona una serie de estimaciones para los parametros de un modelo GARCH del indice
S&P500, utilizando informacién de: (i) retornos, (ii) retornos y VIX de CBOE, vy (iii) retornos, VIX de CBOE, y
otros indices basados en opciones reportados por la Reserva Federal de Minneapolis. Concluimos que al incluir
informacién de indices basados en opciones es posible obtener distintas calibraciones del modelo, las que pueden
ser utilizadas para computar medidas de riesgo de cola bajo riesgo neutral mejoradas, al reflejar de mejor forma la

probabilidad de eventos extremos.
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l. Introduction

GARCH models were introduced by Engle (1982) and then widely used in financial econometrics
for empirical modeling of asset prices (Singleton, 2002), as they offer a powerful tool for
characterizing the distribution of asset prices, which oftentimes requires Monte Carlo simulations
to obtain relevant statistics such as tail-risk measures. Duan (1995) established that a GARCH
model can also be used to value options by introducing the so-called locally risk-neutral valuation
relationship (LRNVR), in which a simple algebraic manipulation is needed to change the
probability measure. For instance, if the returns can be modeled with a standard GARCH in mean,
which characterizes the physical measure, then option prices must be evaluated using an
asymmetric GARCH model, which characterizes the risk-neutral measure. The extension to other
GARCH models is straightforward if the disturbances are normally distributed; moreover,
approximations formulae are already published (eg., Duan et al., 1999). Alternatives have been
provided, such as Heston and Nandi (2000) based on Heston (1993), in which the conditional
variance of the model is included in the return equation, allowing the computation of the conditional
moments of the cumulated returns, although this requires solving a recursive system of equations.
Different GARCH models allow us to compute density functions under both the physical and risk-
neutral measures, however the shape of these density functions depend on the GARCH’s parameters
as well as the initial level of conditional variance. Since conditional variance is also estimated with

the model, the GARCH’s parameters are crucial for proper estimation of density functions.

Hao and Zhang (2013) and Kannianen et al. (2014) pointed out that the VIX, which is a well-known
volatility index generated by the Chicago Board Option Exchange (CBOE) using option prices, can
be obtained in closed-form from several GARCH models. Therefore, they proposed to include it as
an additional variable to estimate GARCH’s parameters, nonetheless, reaching opposite
conclusions. On one side, Hao and Zhang (2013) argued that the joint estimation generates
“unreasonable parameters”, and that the implied VIX from the GARCH model is not in line with
the observed one in “various statistical aspects”. On the other, Kanniainen et al. (2014) stated that
joint estimates “improve option pricing performance”, compared with other methods such as direct

calibration. Zhang and Zhang (2020) tried to close that discrepancy by modifying the LRNVR, yet
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the data does not support their approach. Still, CBOE VIX is one of multiple option-based indexes,
providing a proxy of only one additional dimension of financial series. Thus, the approach can be
enriched by including other measures, such as those provided by the Federal Reserve of
Minneapolis (FRM), which calculates option-based indexes.

In this paper, we conducted several empirical strategies for estimating GARCH parameters. First,
we consider daily data of the S&P500 returns and CBOE VIX from 2007Q1 to 2021Q3, confirming
the conclusions of previous papers. Second, we include biweekly data of 6-month FRM skewness,
attaching Monte Carlo simulations to the maximization process; therefore, our estimates are
consistent with returns, VIX and FRM Skewness. Our main goal is to compare the risk-neutral
densities derived from different datasets (returns only, returns and VIX, and returns, VIX and FRM
Skewness); in particular, to compute the (risk-neutral) probabilities of extreme events. We conclude
that by including a combination of the information of returns, VIX and Skewness, a better estimate
of the probability of extreme events is obtained, thus allowing for an improved assessment of the

occurrence of these events compared to the returns only estimate.



1. Model Setup

In this section we discuss: (i) the key elements of the GARCH model and the locally risk-neutral
valuation relationship (LRNVR), (ii) the relationship of the GARCH model’s parameters with VIX,

and (iii) the Monte Carlo simulations approach to compute other option-based indexes.

1. GARCH model and the LRNVR assumption
In the GARCH model the log-return of the asset, which is the log-difference of the asset price (S;)

has the following dynamic:

1
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where f; is the risk-free short-term interest rate, h,is the conditional variance, and u, is an
independent Gaussian error term under the physical measure. Conditional on h;, the log-return for
the next period is normally distributed; however, for short or medium run the probability
distribution function of the cumulated log-returns departures from Gaussian distribution. Note that
log-returns equation includes one-half of the conditional variance, which is the Jensen term, due to
the use of logarithmic returns. Also, the term A\/h_t IS the risk-premium component, which is the

size of excess returns investors require as risk compensation.

The conditional variance is defined recursively as:
he = w + ahy_qui 4 + Bhe_y, (2)

where a controls for the degree of heteroscedasticity, and w for the level of unconditional variance.

We further use 8 = (1, w, a, B)’, the vector of parameters.

Duan (1995) introduced the locally risk-neutral valuation relationship (LRNVR) by considering
that log-returns in GARCH models are conditionally normal distributed; in order words, returns are
conditional on the variance which is known at current time. Thus, there is v, = u; + A, assumed to
follow a standard Gaussian disturbance, using (1) we have: AlogS; = f; — 0.5h; + \/h_tvt. The

expected value of the new equation is f; — 0.5h;, which implies that asset price is a discounted



martingale. This simple observation has relevant impact in the distribution process of the asset price
because the conditional variance must be adjusted accordingly with the new disturbance. Using (2)
we have: h; = w + ah;_;(Vi—1 — 2)? + Bhe—;. In summary: (i) under the physical measure the
GARCH model has a volatility term in the mean equation, and (ii) under the risk-neutral measure
the GARCH model imposes an expected value according to the risk-free rate and the conditional

variance equation has some degree of asymmetry.

The unconditional variance under the risk-neutral measure (h) can be obtained by applying the
properties of standard Gaussian distribution, for which we have: h = w/(1 — p), where the

persistence parameter is p = a[1 + A%] + B, and it is assumed to be less than one.

2. VIX and other option-based indexes

The VIX is an index provided by the Chicago Board Options Exchange (CBOE), based on the
squared root of a weighted average of 30-day option prices. The goal of the index is to approximate
the expected value of the variance swap; thus, its interpretation should be in squared terms. As we
discussed in previous section, Hao and Zhang (2013) and Kanniainen et al. (2014) pointed out that
GARCH models offer a discrete-time approximation of the variance swap, thus it is possible to get

a closed-form expression for its expected value.

Considering the previous GARCH model, the relationship between the daily variance based on the

VIX (X;) and the conditional variance (h;,4) is:

=20 1S v - Ao e @

where n stands for the maturity of the VIX and t for the annualizing parameter. Following

Kanniainen et al. (2014) we use n = 22 for trading days, and t = 365 according to VIX calendar
count convention. It is important to stress that X, is related with “future” conditional variance since
the latter is known at time t. We further reference (3) using: X; = A+ Bh;,;, with A and B
according to (3).



The Federal Reserve of Minneapolis (FRM) computes several indexes based on option-prices with
6- and 12-months expirations, including skewness, kurtosis, and probabilities of extreme events.
The procedure is based on Shimko (1993) and Malz (1997) in the sense that the available option
prices are summarized into implied-volatilities and strike-price space. A cubic spline is used to
characterize that relationship which is then used to generate call prices. Finally, indexes are
computed in accordance with statistical formulae (eg., skewness and kurtosis) or by taking second

derivative of call prices (eg., risk-neutral density).

3. Estimation of higher-order moments

The GARCH model does not have a closed-form expression for cumulated log-returns, and
therefore some approximations must be considered. Duan et al. (1999) provided analytical
solutions for the first and fourth moments, approximating the terms of conditional variance with
fractional power. In line with Duan (1995), we rely on Monte Carlo simulations to compute both
higher-order moments of the cumulated log-returns and other non-linear functions such as tail
probabilities. For our implementation, we cast the problem as a given expected value,

approximated by I replications of the asset-price process:

1 I
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where S;) ¢+n IS the terminal value (t + n) of the i-simulated path, and by averaging over all paths,

we compute the expectation.

For skewness (Z;) we compute power-payoff options of n-day log-return of the asset following
CBOE procedure (CBOE, 2010). Thus, Py, = E;[(log S;.n, — log S.)¥], for k = 1,2, 3. Based on
that we compute: Z, = (P, — P4) 1°(P3 — 3P, Py + 2P3). This is in line with CBOE
procedure where estimates of P, are obtained as a weighted average of option-prices with the
weights being strike values, analogous to the VIX computation (CBOE, 2019). It should be noted
that formula used for VIX is not based on P;, given that VIX is a continuous variance-swap, not
the variance of a given terminal value. For the tail-risk, we compute the probability value of being
below a given threshold. Following the ones published by the FRM we choose a threshold value of

80%, equivalent to a 20% loss.



I11.  Empirical Analysis

In this section we describe the variables used in the estimation. Then, discuss the procedure and the
results obtained under different setups. Finally, we provide probability estimates, based on Monte

Carlo simulations.

1. Data

The time-series data used to estimate the GARCH models are the daily closing prices of the
S&P500, CBOE VIX and FRM Skewness, ranging from January 2, 2007, to September 30, 2021,
which we further refer as 2007Q1-2021Q3. For the daily risk-free interest rate, we use the three-
month (secondary market) Treasury bill rate retrieved from the Federal Reserve Bank of St. Louis

website. These series have 3,849 daily observations available for study.*

As portrayed in Figure 1, for the 2007Q1-2021Q3 period, we obtain the continuously compounded
returns of the S&P500 series after log-differencing. Daily mean is at 0.03% with a standard
deviation of 0.013, it exhibits a negative skewness of -0.567 and kurtosis of 16.730.

Figure 1. Returns after log-differencing
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Figure 2 presents the CBOE VIX series, which is calculated from a portfolio of S&P500 options

with maturity of 30 days and associated with perceived risk, easily noticeable at and after the 2008

! For non-trading days related to stock market holidays, we compute the value of the last trading day
available.



financial crisis, and at the beginning of 2020 in the surge of the COVID-19 pandemic. Finally, the
Federal Reserve Bank of Minneapolis computes statistical indexes based on option prices such as
mean, standard deviation, skewness and kurtosis. Figure 3 displays the skewness for 6 and 12
months, these estimates were retrieved from their website, available for the 2007Q1-2021Q3 period,
with 354 biweekly observations for study.? Regarding the 6-month skewness, the biweekly mean
for the sample period is at -1.215 with a standard deviation of 0.212, meanwhile for the 12-month

skewness the figures are -1.238 and 0.2157, respectively.

Figure 2. The CBOE VIX.
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Figure 3. Skewness of the S&P500 log-returns
(index)

-0.2

T T
Skewness & months
Skewness 12 months ———

MFR Skewness

L L L L L L L
2008 2010 2012 2014 2016 2018 2020

Year

Source: Federal Reserve of Minneapolis

2 Note that our method can be extended to other indexes based on option-prices such as the kurtosis, which is also
published by FRM.



2. Joint Likelihood
To estimate the GARCH model parameters we use the maximum likelihood (ML) approach, for

returns, VIX and FRM Skewness. For the returns data, the loglikelihood function log Lggr Is:

T 2
1 AlogS; — f; + 0.5h, — A\/h
logLRET<e)=—Eleoght+( 5~ fo + 05he M) | ©)
t=1

he

and the corresponding function for the VIX data is:

T
T 1
log Lyyy (6) = —5log|= > (Xey =4 = Bhy)? | ©)
t=1

Thus, the joint likelihood on returns and VIX could be defined as a linear combination of both log-

likelihood functions:

log Lror (8) = (1 — k) log Lrgr (8) + klog Ly;x (6) (7

where k is the parameter that controls the weight assigned to the VIX data. Hao and Zang (2013)

and Kanniainen et al. (2014) consider 3 cases (k = 0, k = 0.5 and k = 1).

To include option-based indexes from Federal Reserve of Minneapolis, we augmented (7) by

adding the corresponding loglikelihood weighted by y:

log Lror (6) = (1 — k —y)log Lger (8) + klog Lyx (8) + ylogLopr (6). (8)

Note that FRM indexes are in biweekly frequency, thus the sample size (J) is lower, therefore the

last term in the augmented log-likelihood is:

J
T 1 2
log Lopr (8) = —5108 72(2j - ZJ) ’ ©)
j=1

where Z; is the FRM Skewness, and Zj is its simulated counterpart.

8



3. Main Results

Our results consider the 6-month FRM Skewness since there is slight difference between maturities
(see Figure 3), thus restricting the analysis to shorter maturities. Table 1 shows the results for the
GARCH models; column (i) provides estimates using only returns, columns (ii — v) portray the
estimates using 50% returns and different combinations of CBOE VIX and FRM Skewness, and

columns (vi-ix) using 40% returns.

Table 1. ML estimates for GARCH models using returns, VIX and FRM Skewness
(daily data, 2007Q1-2021Q3)

C i ii iii iv Y vi Vi viii iX
K 0.0 0.5 0.4 0.3 0.2 0.6 0.4 0.2 0.3
Y 0.0 0.0 0.1 0.2 0.3 0.0 0.2 0.4 0.3
A 0.1009 0.2666 0.3154 0.3821 0.5851 0.3532 0.4819 0.6123 0.6615

(0.0154)  (0.0358)  (0.0360)  (0.0363)  (0.0313)  (0.0459)  (0.0471)  (0.0389)  (0.0389)
® 2999E-06 2.782E-06 2.811E-06 2.927E-06 9.812E-06 2.771E-06 2.853E-06 1.037E-05 9.158E-06
(2.52E-07) (4.25E-07) (4.18E-07) (4.21E-07) (8.40E-07) (5.13E-07) (4.91E-07) (L.0SE-06) (9.33E-07)
o 0.1522 0.0425  0.0443  0.0496 0.2508 0.0404  0.0446  0.2516 0.2318
(0.0097)  (0.0044)  (0.0045)  (0.0051)  (0.0232)  (0.0051)  (0.0054)  (0.0284)  (0.0248)
B 0.8283 09278 09241  0.9146 0.6117 09287 09184  0.5996 0.6117
(0.0098)  (0.0073)  (0.0074)  (0.0081)  (0.0196)  (0.0086)  (0.0090)  (0.0239)  (0.0232)

p 0.9821 0.9734 0.9729 0.9715 0.9482 0.9742 0.9733 0.9455 0.9449

h*® 0.2054 0.1623 0.1616 0.1607 0.2186 0.1645 0.1640 0.2189 0.2046

First, by increasing only x, we put more relative weight into the VIX data compared to returns,
yielding an increase in the risk-premium parameter (1), that moves from 10% to 35% which implies
that the adjusted GARCH model (under the risk-neutral measure) has a high degree of asymmetry;
however, this is compensated with a decreasing heteroscedasticity parameter («) that moves from
15% to 4%. The increase in the risk-premium parameter is in line with the results of previous papers,
and in turn involves an increase in the persistence parameter under the risk-neutral measure.?
Second, we include the FRM Skewness by increasing y, we also yield an increase in the risk-
premium parameter being as large as 66% when VIX is weighted 30% and Skewness is weighted
30% (column ix). Thus, denoting some degree of substitution between x and y, as both parameters

provide varying relative weights of the information contained in option-based indexes. Third, by

% Additional results that combine returns and VIX, show that risk-premium parameter increases to 48% when returns
are weighted 30% and 69% when are weighted 20%. Heteroscedasticity parameter are 3.8% and 3.5%, respectively.
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over-weighting FRM Skewness (30% or 40%) «a increases around 25%, which is higher than the
one obtained under column (i). In these cases, the # parameter drops to 60% with a small persistence

parameter (around 95%).

V. Discussion

Now we illustrate the relevance of these alternative estimates by computing the probability of an
extreme event (20% drop) under the risk-neutral measure in the next 6 months, which is also
computed using Monte Carlo simulations. Figure 4 displays these probabilities using the estimates
in Table 1 columns (i), (ii) and (v) against initial variance, over unconditional variance to normalize
the x-axis. As expected, the probabilities are increasing with the normalized initial variance, but
with different degree of sensibility. For the returns only case (blue line), the probabilities move in
the range of 6.6-14.5%, when the VIX is weighted-in by increasing k to 50% (red line), this range
drops to 4.1-9.7%, lastly, as the VIX is partially replaced by FRM Skewness with y at 30% (green
line), the probabilities are between 10-12.5%.

Figure 4. Probabilities of an extreme event
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Figure 5 portrays the probability density at the initial variance equal to the unconditional variance,
using Figure 4 as reference, this is the density at 1 in the x-axis, where the probability of an extreme
event for the returns only case stands at 9.8%, with both returns and V1X at 5.9%, and using returns,
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VIX and FRM Skewness at 11.2%. By zooming in the left side of the distribution, the probability
density using both returns and the option-based indexes is above the return only estimate, thus
providing a better estimate of tail-risk events. On the other hand, the return and VIX estimator
stands under the returns only estimate, yielding a poorer estimate.

Figure 5. Probability density at unconditional variance and left-tail zoom

(density)
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V. Conclusions

GARCH models combined with Monte Carlo simulations are useful tools for modelling asset
prices, which can be in turn be used to compute tail-risk measures. We use information of log-
returns, VIX and other option-based index (Skewness) to estimate GARCH models. Our empirical
results are in line with previous papers in the area (Hao and Zhang, 2013; Kanniainen et al., 2014;
Zhang and Zhang, 2020) in terms of including VIX information, and contribute by broadening this
approach with different combinations of VIX and returns, in addition to market-based skewness.
We found that the probability estimates change based on the information used to obtain the GARCH
parameters, moreover a better assessment of the occurrence of extreme events is captured by

including option-based indexes, therefore this type of information should be considered.

11



References

Chicago Board Options Exchange (2010) “The CBOE SKEW Index” White Paper.

Chicago Board Options Exchange (2019) “The CBOE Volatility Index — VIX” White Paper.

Duan, J. (1995) “The GARCH Option Pricing Model” Mathematical Finance 5(1):13-32
https://doi.org/10.1111/].1467-9965.1995.tb00099.x

Duan, J., G. Gauthier, and J. G. Simonato (1999) “An analytical approximation for the GARCH

option pricing model” Journal of Computational Finance 4(2):75-116.
https://doi.org/10.21314/JCF.1999.033

Engle, R. F. (1982) “Autoregressive Conditional Heteroscedasticity with Estimates of the Variance
of United Kingdom Inflation” Econometrica 50(4):987-1008.
https://doi.org/10.2307/1912773

Heston, S. L. (1993) “A closed-form solution for options with stochastic volatility with

applications to bond and currency options” The Review of Financial Studies 6:327-343
https://doi.org/10.1093/RFS%2F6.2.327

Heston, S. L., and S. Nandi (2000) “A closed-form GARCH option valuation model” Review of
Financial Studies 13:585-625. https://dx.doi.org/10.2139/ssrn.210009

Hao, J., and J. Zhang (2013) “GARCH Option Pricing Models, the CBOE VIX, and Variance Risk
Premium” Journal of Financial Econometrics 11(3):556-580.
https://doi.org/10.1093/jjfinec/nbs026

Kanniainen, J., B. Lin, and X. Yang (2014) “Estimating and using GARCH models with VIX data

for option valuation” Journal of Banking & Finance 43:200-211.
http://dx.doi.org/10.1016/j.jbankfin.2014.03.035

Malz, A. (1997) “Option-Implied Probability Distributions and Currency Excess Return” Staff
Reports 32, Federal Reserve New York. https://dx.doi.org/10.2139/ssrn.943500

Shimko, D. (1993) “Bounds of Probability”” Risk 6: 33-37.

Singleton, K. (2002) “Empirical Dynamic Asset Pricing: Model Specification and Econometric

Assessment”

Zhang, W., and J. E. Zhang (2020) “GARCH Option Pricing Models and the Variance Risk
Premium”  Journal of Risk and Financial Management  13(51):1-21.
https://doi.org/10.3390/jrfm13030051

12


https://doi.org/10.1111/j.1467-9965.1995.tb00099.x
https://doi.org/10.21314/JCF.1999.033
https://doi.org/10.2307/1912773
https://doi.org/10.1093/RFS%2F6.2.327
https://dx.doi.org/10.2139/ssrn.210009
https://doi.org/10.1093/jjfinec/nbs026
http://dx.doi.org/10.1016/j.jbankfin.2014.03.035
https://dx.doi.org/10.2139/ssrn.943500
https://doi.org/10.3390/jrfm13030051

Documentos de Trabajo
Banco Central de Chile

NUMEROS ANTERIORES

La serie de Documentos de Trabajo en version PDF
puede obtenerse gratis en la direccién electronica:

www.bcentral.cl/esp/estpub/estudios/dtbc.

Existe la posibilidad de solicitar una copia impresa
con un costo de Ch$500 si es dentro de Chile y
US$12 si es fuera de Chile. Las solicitudes se
pueden hacer por fax: +56 2 26702231 o a través del
correo electronico: bcch@bcentral.cl.

Working Papers
Central Bank of Chile

PAST ISSUES

Working Papers in PDF format can be downloaded
free of charge from:

www.bcentral.cl/eng/stdpub/studies/workingpaper.

Printed versions can be ordered individually for
US$12 per copy (for order inside Chile the charge
is Ch$500.) Orders can be placed by fax: +56 2
26702231 or by email: bcch@bcentral.cl.

DTBC - 955

Modeling S&P500 returns with GARCH models

Rodrigo Alfaro, Alejandra Inzunza

DTBC - 954

Unconventional credit policies during crises: A structural analysis of the

Chilean experience during the COVID-19 pandemic

Benjamin Garcia, Mario Gonzélez, Sebastian Guarda, Manuel Paillacar

DTBC —-953

A Macro Financial Model for the Chilean Economy

Mauricio Calani, Benjamin Garcia, Tomas Goémez, Mario Gonzalez, Sebastian

Guarda, Manuel Paillacar

DTBC - 952

The double impact of deep social unrest and a pandemic: Evidence from Chile

Gent Bajraj, Jorge Lorca and Juan M. Wlasiuk

DTBC - 951
On Foreign Drivers of EMEs Fluctuations

Gent Bajraj, Jorge Lorca and Juan M. Wlasiuk



http://www.bcentral.cl/esp/estpub/estudios/dtbc
mailto:bcch@bcentral.cl
http://www.bcentral.cl/eng/stdpub/studies/workingpaper
mailto:bcch@bcentral.cl

DTBC - 950

Market Incompleteness, Consumption Heterogeneity and Commodity Price
Shocks

Damian Romero

DTBC - 949

The effects of the job retention program during the Covid pandemic on the
Chilean firms and households

José Cristi, Carlos Madeira

DTBC - 948

The role of financial surveys for economic research and policy making in
emerging markets

Sofia Gallardo, Carlos Madeira

DTBC — 947

Relatos de inflacion: percepcion y expectativas de los hogares chilenos durante la
pandemia de Covid-19

Ignacio Zapata, Daniel Pérez, Karlla Mufioz, Valentina Cortés

DTBC - 946

Median Labor Income in Chile Revised: Insights from Distributional National
Accounts

José De Gregorio, Manuel Taboada

DTBC — 945
Ownership Networks and Earnings Inequality
Federico Huneeus, Borja Larrain, Mauricio Larrain, Mounu Prem

DTBC - 944
Pass-through from monetary policy to bank interest rates: A-symmetry analysis
Juan Francisco Martinez, Daniel Oda, Gonzalo Marivil

DTBC - 943
Idiosyncratic Shocks and Aggregate Fluctuations in an Emerging Market
Francesco Grigoli, Emiliano Luttini, Damiano Sandri

DTBC —942

The Distribution of Crisis Credit: Effects on Firm Indebtedness and Aggregate
Risk

Federico Huneeus, Joseph Kaboski, Mauricio Larrain, Sergio Schmukler, Mario Vera



banco
central

Chile

DOCUMENTOS DE TRABAJO Mayo 2022



	BecerraMartinez2021.pdf
	Introduction
	Model
	Macroeconomic block
	Financial BlockThis financial block is also introduced in a semi-structural model, elaborated by marioli2020911. It should be noted that the present work was developed before the publication of the aforementioned paper and served as a reference for its model configuration. The latter appropriately cites the present research.

	Data
	Observed Variables

	Model Estimation
	Results
	Variance Decomposition
	Development of stress test scenarios
	Conclusions
	Bibliography

	Estimates_of_the_US_Shadow_Rate_based_on_Forward_Rates.pdf
	Introduction
	Theoretical Setting
	Key Components of DTSM
	Normalization of Gaussian DTSM
	Short-term and forward rates
	Estimation Procedures

	Empirical Application
	Descriptive Statistics
	Benchmark Results with EKF and IEKF
	Shadow Rates

	Conclusions
	Forward Rates
	Iterated EKF
	Kalman Filter Weights

	DTBC_875.pdf
	Introduction
	Literature review

	Data and Methodology
	Data
	Empirical Response to Romer and Romer Shocks
	Empirical Response to High Frequency Shock Identification
	Empirical Responses to Monetary Shocks: FAVAR

	Empirical Results
	Monetary Non-Neutrality and Pricing Moments
	Narrative Approach
	High-Frequency Approach
	FAVAR Approach

	Further Results from Regression Analysis
	Robustness to Measurement Error

	General Equilibrium Pricing Model
	Model Setup
	Households
	Firms

	Calibration

	Model Results
	Baseline Model Results
	Why Is Kurtosis Not Sufficient?

	Conclusion
	Figures
	Tables
	Model Appendix
	Multi-Sector Pricing Model
	Households
	Firms

	Multi-Sector Model Results

	Empirical Appendix
	Paper_210830 - copia.pdf
	Introduction
	Empirical Analysis
	Data
	Identification of Monetary Policy Shocks
	Aggregated Approach
	Detailed Regression Approach
	Firm-Level Regression Results

	Robustness to Measurement Error
	Relation to alvarez2016, Alvarez2020
	The Sufficient Statistic in alvarez2016,Alvarez2020
	Evaluating the Sufficient Statistics Result


	General Equilibrium Pricing Model
	Model Setup
	Households
	Firms

	Calibration

	Model Results
	Model Predictions
	Reconciling Models and Data

	Conclusion
	Tables
	Figures
	Aggregated Results
	Sectoral and Firm-Level Results
	Model Results

	Model Appendix
	Golosov-Lucas Frequency Comparative Statics

	Empirical Appendix


	Sin título
	IRRF_Inequality_Aug23_LP.pdf
	Introduction
	The interest rate response to fiscal stimulus
	bp02 shocks
	Determinants of the IRRF
	ag13 shocks

	Theory: saving-constrained households, inequality, and interest rates
	Model
	Numerical example with government waste
	Credit constraints
	Discussion

	Conclusion
	Additional tables and figures
	Data Appendix
	Australia
	Austria
	Belgium
	Canada
	Czech Republic
	Denmark
	Finland
	France
	Germany
	Greece
	Hungary
	Iceland
	Ireland
	Italy
	Japan
	Korea
	Netherlands
	New Zealand
	Norway
	Poland
	Portugal
	Slovak Republic 
	Slovenia 
	Spain
	Sweden
	Switzerland
	United Kingdom
	United States


	FFAM_oct21.pdf
	Model
	A class of uninteresting equilibria
	W-BSE: existence and properties
	W-BSEs are inconsistent with fundamental shocks
	The W-BSE is approximately a fundamental equilibrium

	Beyond wealth: sentiment-driven equilibria
	Resolving puzzles with sentiment
	Explicit construction with a sentiment state variable
	Non-fundamental crises and large amplification
	Booms predict crises
	Sentiment-based jumps

	Conclusion
	References
	Proofs for Section 2
	Proofs for Section 3
	Proof of Theorem 1
	Stochastic stability: a useful lemma
	Proofs of Corollaries 1-3

	Proofs and analysis for Section 4
	Proof of Proposition 2
	Proofs of Propositions 3-4
	Model with jumps in Section 4.4

	Model extensions and further analyses
	Beliefs about disaster states
	Idiosyncratic uncertainty
	Limited commitment as equilibrium refinement
	General CRRA preferences
	Correlation between sentiment and fundamentals
	Exogenous sunspot dynamics

	Fundamental Equilibria
	Properties of the non-sunspot solution with fundamental shocks
	The ``hedging'' equilibrium


	DizGiardaRomero (2021).pdf
	Introduction
	Model
	Aggregate Demand with Prices and Wages Set in Advance
	The Consumption Gap
	Equilibrium Wages
	Aggregate Demand
	The Distributional Channel of Nominal Rigidities
	Wage Flexibility and the Role of Monetary Policy with Inequality

	Gains from Wage Flexibility: Calvo Price and Wage Adjustment
	Price and Wage Setting à la Calvo
	Quantitative Analysis

	Conclusion
	Figures
	Proofs and derivations
	Aggregation
	Proof of Proposition 1
	Derivation of the IS equation

	Welfare losses
	The slope of the IS conditional on monetary policy shocks
	Computing the threshold 

	DTBCASIEF.pdf
	Introducción
	El IEF: Evolución
	Depuración del Texto
	El IEF en Palabras
	Análisis de Sentimiento
	Metodología Construcción del Diccionario en Español
	Selección de palabras a incluir en el diccionario
	Definir Sentimiento
	Agregar género masculino/femenino
	Palabras que cambian su sentimiento según la palabra que la precede

	Construcción del Índice de Sentimiento Financiero

	Sentimiento y Ciclo Financiero
	Conclusiones y Comentarios Finales

	Nowcasting Chilean household consumption with _dtbc_211109.pdf
	Nowcasting Chilean household consumption with _dtbc_211109_portada
	Nowcasting Chilean household consumption with _dtbc_211109_cuerpo

	DTBC_ICW_paper.pdf
	Introduction
	Method
	Implied Correlation Matrix
	Model assumptions
	Score-driven dynamics

	Empirical application
	Data
	Estimates
	Benchmarking
	VaR forecast: Univariate return series
	Portfolio simulations

	Conclusions

	Giarda_2021.pdf
	Introduction
	Motivating Facts
	The Earnings Gap is Countercyclical
	Skilled Workers are Richer and Have More Access to Financial Markets

	Monetary policy and the Earnings Gap: an Empirical Assesment
	Monetary Policy Shocks Raise the Earnings Gap
	The Wage Phillips Curve: Steeper for Skilled Workers

	Model
	Households
	Distribution of Monopoly Profits
	Workers' Unions
	Firms
	Monetary Authority
	Equilibrium

	Analytical results
	Aggregate Demand and the Earnings Gap
	The Cyclicality of the Earnings Gap

	Quantitative Analysis
	Calibration
	The Effects of Monetary Policy: No Profits
	The Effects of Monetary Policy: With Profits
	The Effects of Monetary Policy: Other Benchmarks

	Conclusion
	The Earnings Gap with the SIPP
	Econometric Strategy
	Decomposing the Earnings Gap.
	Test for the Dynamic Multiplier
	Projected Wage Inflation and Unemployment
	Wage Phillips Curve Derivation
	Rotemberg-Calvo Equivalence
	Extra IRFs

	dltcps_2022.pdf
	Introduction
	Empirical Evidence
	Setting
	Results

	Baseline Model
	Households
	Productive Sectors
	Final Goods and Foreign Demand for Commodity
	Market Clearing and Gross Domestic Product
	Equilibrium

	Theoretical Results
	The Elasticity of GDP to Commodity Prices
	Two-sector Economy
	Multisector Economy

	The Dampening Effect of Domestic Linkages
	Discussion

	Numerical Examples
	Conclusion
	Empirical Appendix
	Data Sources
	Descriptive Statistics
	Additional Empirical Results

	Theoretical Appendix
	Model Characterization
	Proofs
	Proof of Proposition 1
	Elasticity of GDP to Commodity Prices with Separable Preferences
	Proof of Proposition 2


	Quantitative Analysis
	Nonlinear Effects of IO Linkages
	Moments of GDP
	Level of GDP
	GDP Volatility under Counterfactual Domestic Linkages



	Price Pressure_v4.pdf
	Introduction
	Mechanism and transmission channels: Hypotheses
	Data and institutional setting
	Data
	Domestic government bond market
	The Chilean pension fund system
	The financial advisory firm

	Evidence on government bond price pressure
	Portfolio reallocation and market impact
	Excess bond returns
	Identification strategy

	Impact on bond yields and financing costs
	Bond yield channels and duration
	Heterogeneous impact of recommendations
	Sub-sample analysis
	Retail investor attention
	Implications for financing costs
	Robustness checks
	Control variables
	Overlapping events
	Extended sample
	Informational-content of recommendations
	Mortgage response on placebo dates
	Impact on firm's financing costs


	Concluding Remarks
	Comparison with Das2018
	Data
	Affine model decomposition
	Model
	Empirical decomposition for Chile

	Economic expectations
	Robustness checks

	DTBC_937.pdf
	BecerraMartinez2021.pdf
	Introduction
	Model
	Macroeconomic block
	Financial BlockThis financial block is also introduced in a semi-structural model, elaborated by marioli2020911. It should be noted that the present work was developed before the publication of the aforementioned paper and served as a reference for its model configuration. The latter appropriately cites the present research.

	Data
	Observed Variables

	Model Estimation
	Results
	Variance Decomposition
	Development of stress test scenarios
	Conclusions
	Bibliography

	Estimates_of_the_US_Shadow_Rate_based_on_Forward_Rates.pdf
	Introduction
	Theoretical Setting
	Key Components of DTSM
	Normalization of Gaussian DTSM
	Short-term and forward rates
	Estimation Procedures

	Empirical Application
	Descriptive Statistics
	Benchmark Results with EKF and IEKF
	Shadow Rates

	Conclusions
	Forward Rates
	Iterated EKF
	Kalman Filter Weights

	DTBC_875.pdf
	Introduction
	Literature review

	Data and Methodology
	Data
	Empirical Response to Romer and Romer Shocks
	Empirical Response to High Frequency Shock Identification
	Empirical Responses to Monetary Shocks: FAVAR

	Empirical Results
	Monetary Non-Neutrality and Pricing Moments
	Narrative Approach
	High-Frequency Approach
	FAVAR Approach

	Further Results from Regression Analysis
	Robustness to Measurement Error

	General Equilibrium Pricing Model
	Model Setup
	Households
	Firms

	Calibration

	Model Results
	Baseline Model Results
	Why Is Kurtosis Not Sufficient?

	Conclusion
	Figures
	Tables
	Model Appendix
	Multi-Sector Pricing Model
	Households
	Firms

	Multi-Sector Model Results

	Empirical Appendix
	Paper_210830 - copia.pdf
	Introduction
	Empirical Analysis
	Data
	Identification of Monetary Policy Shocks
	Aggregated Approach
	Detailed Regression Approach
	Firm-Level Regression Results

	Robustness to Measurement Error
	Relation to alvarez2016, Alvarez2020
	The Sufficient Statistic in alvarez2016,Alvarez2020
	Evaluating the Sufficient Statistics Result


	General Equilibrium Pricing Model
	Model Setup
	Households
	Firms

	Calibration

	Model Results
	Model Predictions
	Reconciling Models and Data

	Conclusion
	Tables
	Figures
	Aggregated Results
	Sectoral and Firm-Level Results
	Model Results

	Model Appendix
	Golosov-Lucas Frequency Comparative Statics

	Empirical Appendix


	Sin título
	IRRF_Inequality_Aug23_LP.pdf
	Introduction
	The interest rate response to fiscal stimulus
	bp02 shocks
	Determinants of the IRRF
	ag13 shocks

	Theory: saving-constrained households, inequality, and interest rates
	Model
	Numerical example with government waste
	Credit constraints
	Discussion

	Conclusion
	Additional tables and figures
	Data Appendix
	Australia
	Austria
	Belgium
	Canada
	Czech Republic
	Denmark
	Finland
	France
	Germany
	Greece
	Hungary
	Iceland
	Ireland
	Italy
	Japan
	Korea
	Netherlands
	New Zealand
	Norway
	Poland
	Portugal
	Slovak Republic 
	Slovenia 
	Spain
	Sweden
	Switzerland
	United Kingdom
	United States


	FFAM_oct21.pdf
	Model
	A class of uninteresting equilibria
	W-BSE: existence and properties
	W-BSEs are inconsistent with fundamental shocks
	The W-BSE is approximately a fundamental equilibrium

	Beyond wealth: sentiment-driven equilibria
	Resolving puzzles with sentiment
	Explicit construction with a sentiment state variable
	Non-fundamental crises and large amplification
	Booms predict crises
	Sentiment-based jumps

	Conclusion
	References
	Proofs for Section 2
	Proofs for Section 3
	Proof of Theorem 1
	Stochastic stability: a useful lemma
	Proofs of Corollaries 1-3

	Proofs and analysis for Section 4
	Proof of Proposition 2
	Proofs of Propositions 3-4
	Model with jumps in Section 4.4

	Model extensions and further analyses
	Beliefs about disaster states
	Idiosyncratic uncertainty
	Limited commitment as equilibrium refinement
	General CRRA preferences
	Correlation between sentiment and fundamentals
	Exogenous sunspot dynamics

	Fundamental Equilibria
	Properties of the non-sunspot solution with fundamental shocks
	The ``hedging'' equilibrium


	DizGiardaRomero (2021).pdf
	Introduction
	Model
	Aggregate Demand with Prices and Wages Set in Advance
	The Consumption Gap
	Equilibrium Wages
	Aggregate Demand
	The Distributional Channel of Nominal Rigidities
	Wage Flexibility and the Role of Monetary Policy with Inequality

	Gains from Wage Flexibility: Calvo Price and Wage Adjustment
	Price and Wage Setting à la Calvo
	Quantitative Analysis

	Conclusion
	Figures
	Proofs and derivations
	Aggregation
	Proof of Proposition 1
	Derivation of the IS equation

	Welfare losses
	The slope of the IS conditional on monetary policy shocks
	Computing the threshold 

	DTBCASIEF.pdf
	Introducción
	El IEF: Evolución
	Depuración del Texto
	El IEF en Palabras
	Análisis de Sentimiento
	Metodología Construcción del Diccionario en Español
	Selección de palabras a incluir en el diccionario
	Definir Sentimiento
	Agregar género masculino/femenino
	Palabras que cambian su sentimiento según la palabra que la precede

	Construcción del Índice de Sentimiento Financiero

	Sentimiento y Ciclo Financiero
	Conclusiones y Comentarios Finales

	Nowcasting Chilean household consumption with _dtbc_211109.pdf
	Nowcasting Chilean household consumption with _dtbc_211109_portada
	Nowcasting Chilean household consumption with _dtbc_211109_cuerpo

	DTBC_ICW_paper.pdf
	Introduction
	Method
	Implied Correlation Matrix
	Model assumptions
	Score-driven dynamics

	Empirical application
	Data
	Estimates
	Benchmarking
	VaR forecast: Univariate return series
	Portfolio simulations

	Conclusions

	Giarda_2021.pdf
	Introduction
	Motivating Facts
	The Earnings Gap is Countercyclical
	Skilled Workers are Richer and Have More Access to Financial Markets

	Monetary policy and the Earnings Gap: an Empirical Assesment
	Monetary Policy Shocks Raise the Earnings Gap
	The Wage Phillips Curve: Steeper for Skilled Workers

	Model
	Households
	Distribution of Monopoly Profits
	Workers' Unions
	Firms
	Monetary Authority
	Equilibrium

	Analytical results
	Aggregate Demand and the Earnings Gap
	The Cyclicality of the Earnings Gap

	Quantitative Analysis
	Calibration
	The Effects of Monetary Policy: No Profits
	The Effects of Monetary Policy: With Profits
	The Effects of Monetary Policy: Other Benchmarks

	Conclusion
	The Earnings Gap with the SIPP
	Econometric Strategy
	Decomposing the Earnings Gap.
	Test for the Dynamic Multiplier
	Projected Wage Inflation and Unemployment
	Wage Phillips Curve Derivation
	Rotemberg-Calvo Equivalence
	Extra IRFs

	dltcps_2022.pdf
	Introduction
	Empirical Evidence
	Setting
	Results

	Baseline Model
	Households
	Productive Sectors
	Final Goods and Foreign Demand for Commodity
	Market Clearing and Gross Domestic Product
	Equilibrium

	Theoretical Results
	The Elasticity of GDP to Commodity Prices
	Two-sector Economy
	Multisector Economy

	The Dampening Effect of Domestic Linkages
	Discussion

	Numerical Examples
	Conclusion
	Empirical Appendix
	Data Sources
	Descriptive Statistics
	Additional Empirical Results

	Theoretical Appendix
	Model Characterization
	Proofs
	Proof of Proposition 1
	Elasticity of GDP to Commodity Prices with Separable Preferences
	Proof of Proposition 2


	Quantitative Analysis
	Nonlinear Effects of IO Linkages
	Moments of GDP
	Level of GDP
	GDP Volatility under Counterfactual Domestic Linkages



	DTBC_Spillovers.pdf
	Introduction
	Data and measurements
	Conceptual framework and main hypotheses
	Monetary policy spillovers from the core to small open economies
	The role of international banks
	Bank lending across loan categories

	Robustness checks
	Alternative monetary policy indicators
	Shadow rates
	Residuals from SVAR and the Taylor rule
	Persistently low interest rates

	Alternative sets of control variables
	Including domestic rates
	Macroeconomic controls for the core
	Bank-level controls
	Alternative estimations


	Concluding Remarks
	Core economies summary statistics
	Marginal effects
	Full regression results


	HLLP_inequality_2022.pdf
	Introduction
	Data
	Matched Employer-Employee Dataset 
	Business Group Dataset 
	Summary Statistics

	Business Groups and Earnings Inequality
	Inequality Within and Between Firms
	Business Groups and Between-Firm Inequality
	Business Groups and Within-Firm Inequality

	Transitions In and Out of Business Groups
	Firm Fixed Effects Estimation
	Controlling for Unobserved Worker Composition
	Controlling for Selection Bias with Matching

	Potential Explanations
	Rent Sharing
	Skill Differentials
	Incentives

	Conclusions
	Online Appendix
	Robustness
	Robustness to AKM model


	Median_labor_income_revised_DTBC.pdf
	Introduction
	Literature Review
	Income definitions
	National Accounts
	Household Surveys
	Tax Records
	Tax and Social Security Structure

	Relationship between sources
	Wages
	Independent Income
	Capital Income

	Descriptive Statistics
	Methodology
	Results
	Main results
	Robustness
	Implications for inequality

	Concluding Remarks
	Appendix
	Parametric estimation of median income


	ADP1175.tmp
	Relatos de inflación: percepción y expectativas de los hogares chilenos durante la pandemia de Covid-19
	Resumen

	Abstract
	Introducción
	Motivación y relevancia
	Antecedentes en la literatura
	Objetivos

	Metodología
	La metodología cualitativa
	Uso de información cualitativa en los bancos centrales
	Características del estudio

	Resultados
	Percepción de inflación: transversalidad en la percepción
	Causas del cuadro inflacionario: multicausal
	Situación mundial
	Aumento en el consumo debido a estímulos monetarios
	Incertidumbre en el escenario nacional
	Suspicacias al proceso de ajustes de precios de las empresas
	Sequía y cambio climático

	Cambios en los patrones de consumo: afectado por condición socioeconómica
	No presenta cambios en el consumo
	Dejar de consumir o posponer consumo
	Sustitución de bienes y lugar de compra
	Adelantar compras

	Financiamiento del proceso inflacionario: desahorro y uso de apoyos monetarios
	Expectativas: Anclaje de expectativas, pero con alta incertidumbre
	Dirección y velocidad del cambio de precio
	Tiempo para que la inflación se normalice
	Incertidumbre y factores de estabilización de la inflación
	Cambios en el consumo futuro


	Discusión
	Bibliografía
	Anexos
	Pauta de entrevista


	michcps_final.pdf
	Introduction
	Empirical Motivation
	Data: Consumption Expenditure Survey
	Expenditure Patterns
	Cross-Country Evidence

	Model
	Households
	Intratemporal Problems
	Intertemporal Problems

	Production
	Mainland Sectors
	Commodity Sector

	Exportable Good
	Aggregation, Monetary Policy and Market Clearing

	Theoretical Results
	Quantitative Results
	Calibration
	The Role of Heterogeneity and Non-homothetic Preferences
	Understanding the Mechanisms
	Sensitivity Analysis

	Conclusions
	Empirical Appendix
	Expenditures Across the Income Distribution–Disaggregation
	Expenditures Across the Labor Income Distribution
	Expenditures Across the Income Distribution–Comparison Across Waves
	Expenditures Across the Income Distribution–Other Emerging Economies

	Theoretical Appendix
	Households' Problem
	Intratemporal Consumption Allocation
	Intertemporal Problem for the Unconstrained Household
	Intertemporal Problem for the Restricted Household


	Quantitative Appendix
	Calibration
	Additional Quantitative Results
	Macroeconomic Aggregates
	Sensitivity



	EME_factors_DTBC March2022.pdf
	Introduction
	Related Literature
	Empirical Model
	Data
	State-Space Formulation
	Model Specification
	Number of Factors
	Stability


	Baseline Specification and Estimated Factors
	Estimated Global Factors and Their Relevance
	Analysis of Factors
	Factor-augmented VAR

	Robustness
	Model without Financialization Channel
	Price-factor Model

	Concluding Remarks
	Figures

	APT_Paper_Descriptive_Apr_2022.pdf
	Introduction
	Related literature
	Data description
	Dataset
	Relationship measures
	Distance Measures
	Concentration Measures


	Empirical facts
	Fact 1: Aggregate behavior of relationships
	Fact 2: Cyclical behavior of lending relationships
	Fact 3: Lending relationships and credit conditions.
	Distance, concentration, and credit conditions
	Relationships and credit conditions along the business cycle

	Fact 4: Lending relationships and monetary policy shocks.

	Conclusion
	Tables and Figures
	Appendix




