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Summary

Many time series encountered in econometrics and in natural sciences display regular

seasonal fluctuations. In the analysis of such series, the seasonal variation can be di-

rectly incorporated in the model, or removed from the series by seasonal adjustment

methods which can implicitly or explicitly rely on seasonal models. This dissertation

describes and analyses several types of periodic seasonal time series models and develops

a new formulation which facilitates parameter estimation in the state space represen-

tation of the model.

In periodic time series analysis, a set of (usually annual) time series is simultaneously

analysed, and each individual series is exclusively related to a particular season. This

approach is in contrast with the more widely adopted approach of treating a series

as a single stochastic process with seasonal fluctuations (for example seasonal dummy

variable). Concentrating on a time series that is associated with a specific season,

such that it does not possess seasonal dynamics, may circumvent some of the intricate

aspects of modelling seasonal variations.

Periodic approaches have been investigated in the context of autoregressive moving

average (ARMA) models and dynamic econometric models, see for example the book of

Ghysels and Osborn (2001) or Franses and Paap (2004). Other researchers have inves-

tigated the periodic approach with various state space time series model formulations,

e.g., Krane and Wascher (1999), Koopman and Ooms (2002, 2006), Proietti (2004),

Bell (2004) and Penzer and Tripodis (2007).

In this thesis we further explore the periodic analysis of both autoregressive moving

average (ARMA) models and unobserved components (UC) time series models. The

ARMA model is well-known and is covered in many textbooks on time series. The UC

model decomposes a time series into components of interest including trend, seasonal,

cycle and irregular, see Harvey (1989), Durbin and Koopman (2001) and Commandeur

and Koopman (2007). We mainly focus on the analysis of seasonal macroeconomic time

series where we extend the UC models by having periodic coefficients that are associated

with the different components. Our contribution for periodic ARMA models lies in

a convenient state-space formulation of these models that do not require (seasonal)

differencing of the time series beforehand.



Throughout the thesis, we pay special attention to identification of the parameters

before we start the estimation procedure. Further we show that exact maximum likeli-

hood estimation is feasible despite the large number of parameters that are typically en-

countered in this class of periodic models. We also link periodic and non-periodic model

formulations by means of likelihood-ratio tests as these models are nested. Empirical

illustrations are given by using monthly U.S. unemployment time series for univariate

periodic models (Chapters 2 and 4) and quarterly U.S. employment time series for the

multivariate periodic models (Chapter 3).

A distinctive characteristic of periodic analysis is that we need to repeat a univariate

analysis for each season or to take a multivariate approach by modelling the S time

series simultaneously where S is the seasonal length. In this thesis, we advocate the

use of univariate representation with time-varying parameters for periodic models. We

demonstrate in Chapters 2 and 3 that this approach is identical to the multivariate

representation of periodic models with fixed parameters. The advantage of using the

univariate representation lies in the possibility of expanding the model for several time

series together, so that we have multivariate periodic models as explained in Chapter 4.

Chapter 5 of this thesis describes a special case of periodic UC model in which the

basic structural model (BSM) is generalised by allowing the time-varying trigonometric

terms associated with different seasonal frequencies to have different variances. We term

the resulting class of model the frequency specific basic structural model (FS-BSM). The

extended set of parameters in FS-BSM models can be estimated by standard maximum

likelihood procedures based on the Kalman filter. We explore the dynamic properties of

the FS-BSM and relate them to those of the frequency specific Airline model (FS-AM)

as described in Aston et al. (2007).

The periodicity in FS-BSM is imposed solely on the seasonal component so that

each seasonal frequency has its own variance. This particular model has been discussed

in detail by Harvey (1989) for the case of quarterly series. We extend the analysis of

this model for monthly series and compare the estimation performance of the FS-BSMs

with their FS-AMs counterpart. The relationships between coefficients in FS-AMs and

FS-BSMs are highly non-linear and we rely on numerical techniques to investigate the

connection between these models. We find empirically that both generalized models

have properties that are very close to each other and that FS-BSMs lead to similar

time series decompositions for a specific range of models in the FS-AMs. For this

investigation, we employ a U.S. Census Bureau database of seasonal time series that

has been analysed previously with the FS-AMs.

The remainder of this thesis contains four chapters. The highlights of each chapter

are as follows.



Chapter 2: Periodic unobserved component (PUC) models

This chapter introduces a general class of periodic unobserved components (PUC) time

series models with stochastic trend and seasonal components and with a novel periodic

stochastic cycle component. The general state space formulation of the periodic model

allows for exact maximum likelihood estimation, signal extraction and forecasting. Also

the consequences for model-based seasonal adjustment are discussed. The new periodic

model is applied to post-war monthly U.S. unemployment series, from which we identify

a significant periodic stochastic cycle. A detailed empirical periodic analysis is presented

including a comparison between the performances of periodic unobserved components

models and the non-periodic ones.

Chapter 3: Multivariate PUC models

This chapter analyses quarterly post-war U.S. non-farm employment for seven industrial

sectors based on a new multivariate periodic unobserved components time series model.

It includes sectoral trend, seasonal and irregular components with periodic features and

parameter adjustments for the period of the Great Moderation. The main feature of

our multivariate model is the common cycle component that enables the detection of

possibly periodic cyclical behaviour in the U.S. employment rate. The investigation of

periodicity in the cycle component of the time series is relevant since seasonal adjust-

ment procedures need to take account of periodic features when they are present. We

find that periodicity does exist in the sectoral trend and seasonal components but we do

not detect it in the common cycle component. We compare our findings with an earlier

empirical study on this subject. We investigate the robustness of our findings in detail

by considering univariate and multivariate variations of our model and by presenting

estimation results for sub-samples of our dataset.

Chapter 4: Periodic SARIMA models

In this chapter, state space formulations for periodic seasonal autoregressive integrated

moving average (periodic SARIMA) are considered. Convenient state space represen-

tations of the periodic SARIMA models are proposed to facilitate model identifica-

tion, specification and exact maximum likelihood estimation of the periodic param-

eters. These formulations do not require a-priori (seasonal) differencing of the time

series. The time-varying state space representation is an attractive alternative to the

time-invariant vector representation of periodic models which typically leads to a high

dimensional state vector in monthly periodic time series models. A key development is

our method of computing the variance-covariance matrix of the initial set of observa-

tions which is required for exact maximum likelihood estimation. We illustrate the use



of periodic SARIMA models to fit and forecast a monthly post-war U.S. unemployment

time series.

Chapter 5: Frequency-specific trigonometric seasonality

The basic structural time series model has been designed for the modelling and fore-

casting of seasonal time series. In this chapter we explore a generalisation of this model

in which the time-varying trigonometric terms associated with different seasonal fre-

quencies have different variances in their disturbances. The extended set of parameters

is estimated by maximum likelihood procedures based on the Kalman filter. The con-

tribution of this chapter is two-fold. The first is an elaborate description of the dynamic

properties of this frequency specific basic structural model. The second is the relation-

ship of this model to a comparable generalised version of the Airline model developed

at the U.S. Census Bureau. By adopting a quadratic distance metric based on the

restricted reduced form moving-average representation of the models, we conclude that

the generalised models have properties that are very close to each other compared to

their default counterparts. In some settings, the distance between the models is virtu-

ally zero so that the models can be regarded as observationally equivalent. An extensive

empirical study on disaggregated monthly shipment and foreign trade series illustrates

both the relations between the two classes of models, and the improvements obtained

by adopting the frequency-specific extensions.


