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Summary

Time series models with unobserved components provide a modeling framework that

addresses the Lucas critique (Lucas Jr, 1976) on the time dimension. Consequently,

such time series models are stochastic and contingent upon the unobserved state of the

world at each point in time. On the econometric side, such models can usually be cast

into state space form, allowing researchers to conduct efficient parameter estimation and

signal extraction via the seminal Kalman filter. Inference based on maximum likelihood

is straightforward using prediction error decomposition. Both chapter 4 and 5 use linear

Gaussian state space model. The former tries to model the linkage among unobserved

components using equilibrium relationship among monetary variables; while the latter

develops a forecasting procedure based on the extracted common factors from a large set

of variables. A nonlinear and non-Gaussian model will however render direct likelihood

maximization infeasible, because one needs to integrate out all unobserved components

in order to calculate the likelihood function. Chapter 3 develops a simulated maximum

likelihood estimation procedure which uses multivariate importance sampling to efficiently

carry out this integration. However, this procedure becomes too expensive should the

dimensionality of the model become large. In such cases, modern Bayesian approach such

as particle Markov chain Monte Carlo methods provides a powerful toolkit for analyzing

high-dimensional nonlinear and non-Gaussian state space models. Chapter 2 proposes a

particle Markov chain Monte Carlo estimation procedure for a high-dimensional stochastic

volatility model where unobserved factors are also present.

On the empirical side, examples of unobserved components in time series analysis can

be found easily. Financial markets are proliferated with unobserved factors affecting the

return and volatility among assets. They are often the sources of the stylised facts includ-
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ing return asymmetry and volatility clustering. Chapter 2 addresses features of financial

returns in a high-dimensional setting, aiming to understand commonalities hidden in the

distribution of returns. Furthermore, in monetary economics, policy-relevant concepts

such as potential output growth rate and natural rate of interest are gaining increasing

attention in central banks. These quantities are unobserved by definition and related to

the dynamics of inflation expectation formation of economic agents. Chapter 3 and 4

model the time-varying dynamics of inflation with its implied expectation process and

estimate natural rates of three economies together with cyclic components that gauge the

stance of an economy. Lastly, unobserved components models also serve as a forecasting

device that disentangles uninformative noises from informative yet unobserved underlying

dynamic characteristics of a time series. Chapter 5 develops a novel forecasting procedure

for El Niño events in the long-term. Because El Niño events are intricately related to many

other meteorological variables with different lags and leads, the advantages of stochastic

cycle models and dynamic factor models are combined in the proposed procedure which

extracts hard-to-detect signals and produces accurate long-term event forecasts.

The aims of this dissertation are to better understand the role played by unobserved

components in times series models and to develop new algorithms that facilitate its use in

various applications. It contains the following four chapters apart from the introduction

in Chapter 1.

Chapter 2 proposes a flexible factor stochastic volatility model with leverage effect

based on the generalized hyperbolic skew Student’s t-error to model asymmetry and

heavy tails for a high-dimensional portfolio of asset returns. With shrinkage, the model is

able to distinguish systematic leverage effects and asymmetry from asset-specific ones. An

efficient Markov chain Monte Carlo sampler using efficient importance sampling to exploit

the Gaussian mixture representation of the error distribution is proposed to analyze the

univariate version of the model. Multivariate extension is achieved with marginalization

of factors and shown to be linearly scalable in both number of factors and assets.

Chapter 3 introduces the classic trend-cycle decomposition for U.S. inflation using un-

observed components model. The model is further augmented with stochastic volatility to

capture both transitory and permanent volatility shocks. Most of the literature analyzing

similar models relies on Bayesian estimation; whereas this chapter proposes an efficient



simulated maximum likelihood estimation procedure using importance sampling. In an

empirical study, the U.S. monthly core inflation is modeled by a local level plus seasonal

model with stochastic volatility. The time variation of volatility leads to several interest-

ing findings. Furthermore, the implied stochastic signal-to-noise ratio explains episodic

forecasting performances of many static models. At the end of this chapter, improved

forecasting ability of the model is demonstrated.

Chapter 4 develops an unobserved components model with similar cycles to estimate

the evolution of natural rate of interest. The model links the local mean dynamics using an

economic equilibrium relationship and treats inflation expectation as unobserved. A two-

stage estimation procedure, where the first stage boils down to a first-difference version of

Okun’s law with time-varying parameters, is proposed. The first-stage model is a reduced

form yet insightful model that identifies the potential output growth rate that is used

as input in the second-stage model. It is also shown that the unobserved components

model with similar cycles imply a Taylor rule and hybrid New Keynesian Phillips curve.

Empirical results are provided for the U.S., Euro Area, and the U.K..

Chapter 5 shows an example where econometrics goes beyond social science. A new

forecasting procedure for the Niño3.4 time series defining the well-known El Niño phe-

nomenon is proposed. This time series is subject to an intricate serial correlation structure

and is related to many other relevant meteorological variables. The forecasting procedure

is particularly developed for medium to long-term forecasting of the El Niño events. The

procedure consists of three phases and relies on the subsequent use of 1). an univariate

unobserved components model with stochastic cycles for producing prediction errors; 2).

the formulation of a dynamic factor model from which simulations of many signal paths

are generated conditional on explanatory variables; and 3). the reconstruction of artificial

univariate time series of the variable of interest for which forecasts can be generated.
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