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What are Common Trend Models in Time Series Analysis?
The purpose of common trend models is the estimation of the possible common trend(s) among several

groups of time series. These models are applied in the analysis and forecasting of business cycles, interest
rates (left figure below), stock prices, ocean temperatures, resource stocks (right figure below), etc.
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Typical data:  (a) Multiple interest rate time series. (b) Multiple fishery catch (“landings per unit effort™) series

There are three variants: dynamic factor analysis (DFA), time series factor analysis (TSFA), and state
space models (SSM).

Dynamic factor analysis (DFA) expands cross-sectional factor analysis in terms of an identification of the
sets of distinct variables that describe the underlying pattern of a larger number of measures over time.
For example, DFA was used to study temporal variability within individuals (e.g. perceived control of
one’s environment, emotional positivity and negativity), relationships among life experience variables
(e.g. behavioral adaptations to stressful life events, stroke, etc.). Using DFA, Eizenman et al. (1997)
found that mortality in older adults correlates with intraindividual variability in perceived control. DFA
works only for stationary series. (Description based on Stern and Carstensen 2000).

Time series factor analysis (TSFA) allows to study nonstationary times series (under the condition that
differenced data satisfies a weak bounded condition). Moreover, in TSFA the dynamic process of the
phenomena does not need to be explicitly modeled. That is, TFSA allows to extract the factors, but make
almost no assumptions about their dynamics. TFSA was developed to study the effect of macroeconomic
phenomena on the monetary side of the economy. TFSA allows one to develop new measures of
monetary aggregates that can account for technological innovations in the financial industry, and
therefore such measures are more robust than the ones obtained based on other methods. (Description
based on Meijer and Gilbert 2005).

State space models of common trends (SSM) are the most widely used. SSMs allow working with short
as well as non-stationary time series, and can include explanatory variables.



General Readings
¢ R Engle, M Watson. 1981. “A One-Factor Multivariate Time Series Model of Metropolitan Wage
Rates.” Journal of the American Statistical Association

o MW Watson, RF Engle. 1983. "Alternative Algorithms for the Estimation of Dynamic Factor, MIMIC,
and Varying Coefficient Regression Models." Journal of Econometrics

¢ J Stock, M Watson. 1988. “Testing for Common Trends.” Journal of the American Statistical
Association

o AC Harvey. 1989. Forecasting, Structural Time Series Models and the Kalman Filter
o H. Lutkepohl. 1991. Introduction to Multiple Time Series Analysis
¢ JD Hamilton. 1994. Time Series Analysis

¢ J Nyblom, AC Harvey. 2000. “Tests of common stochastic trends.” Econometric Theory

Software (* @ Penn State)

o STAMP (Structural Time series Analyser, Modeller and Predictor), developed by economists SJ
Koopman, A Harvey, JA Doornik, N Shephard. STAMP is time-series software to analyze models that
have such unobserved components as trend, seasonal, cycle, and irregular. http://stamp-
software.com/index.html?content=/whatis.html

o SsfPack, developed by economists SJ Koopman, N Shephard and JA Doornik. This software offers
more general procedures than STAMP but with programming features. http://www.ssfpack.com/

Many more general software packages provide many tools to estimate, forecast, simulate and analyze
time-series data, in some cases with a graphical object-oriented interface:

o EasyReg, developed by economist H. Bierens*. This software has many specific types of time-series
tests. http://www.econ.psu.edu/~hbierens/EASYREG.HTM

¢ R (http://www.r-project.org) tsfa package
e STATA (http://www.stata.com/)

e EViews (http://www.eviews.com/)

e RATS (Regression Analysis of Time Series) (http://www.estima.com/)
e SHAZAM (http://shazam.econ.ubc.ca/)

e Minitab (http://www.minitab.com/)

e TSP (http://www.tspintl.com/)

e STATISTICA (http://www.statsoft.com/products/advanced.html)

e S-Plus Finmetrics (http://www.insightful.com/products/finmetrics/default.asp)
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Recent Advances
¢ D Pefia, P Poncela. 2004. “Forecasting with nonstationary dynamic factor models.” Journal of
Econometrics

o | Busetti. 2002. “Testing for (common) stochastic trends in the presence of structural breaks.” Journal
of Forecasting

¢ VM Carvalho, AC Harvey. 2005. “Growth, cycles, and convergence in US regional time series.”
International Journal of Forecasting

e Y HU, RJ CHOU. 2003. “A Dynamic Factor Model.” Journal of Time Series Analysis

o G Kapetanios, M Marcellino. 2006. A parametric estimation method for dynamic factor models of large
dimensions

o E Meijer, PD Gilbert. 2005. “Time Series Factor Analysis with an Application to Measuring Money.”
Research Paper, University of Groningen http://irs.ub.rug.nl/ppn/289322812

¢ J Durbin, SJ Koopman. 2001. Time Series Analysis by State Space Methods
o AC Harvey, T Proietti, eds. 2005. Readings in Unobserved Components Models
o N Shephard, eds. 2005. Stochastic Volatility: Selected Readings

o T Proietti, F Moauro. 2006. Dynamic Factor Analysis with Nonlinear Temporal Aggregation
Constraints.” Applied Statistics

Applications across Disciplines
¢ Biology A Kowalski, P Enck, F Musial. 2004. “A Robust Measurement of Correlation in Dependent
Time Series.” Biological Rhythm Research

¢ Biology R Munoz-Carpena, A Ritter, YC Li. 2005. “Dynamic factor analysis of groundwater quality
trends in an agricultural area adjacent to Everglades National Park.” Journal of Contaminant Hydrology

e Economics S Kozicki. 1999. “Multivariate detrending under common trend restrictions: Implications
for business cycle research.” Journal of Economic Dynamics & Control

e Economics | Diaz-Emparanza, J Ferndndez-Macho. 2006. “Cyclical common factors in cointegrated
systems.” Spanish Economic Review

e Economics T Jacobson, A Vredin, A Warne. 1998. “Are Real Wages and Unemployment Related?”
Economica

e Economics FC Bagliano, C Morana. 2003. “A common trends model of UK core inflation.” Empirical
Economics

¢ Environmental Science O Gordo, JJ Sanz. 2005. “Phenology and climate change: a long-term study in
a Mediterranean locality.” Oecologia

e Environmental Science AF Zuur, R J Fryer, IT Jolliffe, R Dekker, JJ Beukema. 2003. “Estimating
common trends in multivariate time series using dynamic factor analysis.” Environmetrics

o Environmental Studies ST Buckl, KB Newman, L Thomas, NB Koesters.2004. “State-space models
for the dynamics of wild animal populations.” Ecological Modelling
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¢ Environmental Science/ Math WF Christensen, Y Amemiya. 2001. “Generalized Shifted-Factor
Analysis Method for Multivariate Geo-Referenced Data.” Mathematical Geology

¢ Finance O Aguilar, M West. 2000. “Bayesian dynamic factor models and portfolio allocation.” Journal
of Business and Economic Statistics

¢ Finance M Bertus, B Stanhouse. 2001. “Rational speculative bubbles in the gold futures market: An
application of dynamic factor analysis.” Journal of Futures Markets

¢ Management WM Taylor. 1994. “Common-trends and error-correction approach to forecasting
corporate bond returns.” Managerial and Decision Economics

e Material Science J Kovécs, L Markus, G Halupka. 2004. “Dynamic factor analysis for quantifying
aquifer vulnerability.” Acta Geologica Hungarica

¢ Medicine BO Helal, F Frouin, G Schaison, D Leguillouzic, ME Pueyo, R Lebtahi, F Archambaud,
A Desgrez, JP Bazin and RD Paola. 1992. “Diagnosis of malignancy in thyroid nodules by factor
analysis of spectral and dynamic structures: a simultaneous dual-isotope dynamic study with thallium-
201 and iodine-131.” European Journal of Nuclear Medicine and Molecular Imaging

¢ Political Science JT Williams, MD McGinnis. 1992. “The Dimension of Superpower Rivalry: A
Dynamic Factor Analysis.” The Journal of Conflict Resolution

e Psychology PCM Molenaar.1985. “A dynamic factor model for the analysis of multivariate time
series.” Psychometrika

¢ Psychology J Kettunen, N Ravaja. 2000. “A comparison of different time series techniques to analyze
phasic coupling: A case study of cardiac and electrodermal activity.” Psychophysiology

e Psychology DA Sharra, E Ferrer. 2006. “The structure and process of emotional experience following
nonmarital relationship dissolution: dynamic factor analyses of love, anger, and sadness.” Emotion

¢ Psychology DR Eizenman, JR Nesselroade, DL Featherman, JW Rowe. 1997. “ntraindividual
variability in perceived control in an older sample: The MacArthur Successful Aging Studies.”
Psychology and Aging

e Psychology PC Stern, LL Carstensen. 2000. The Aging Mind: Opportunities in Cognitive Research

¢ Sea and Fishery Research AF Zuur, GJ Pierce.2004. “Common trends in northeast Atlantic squid time
series.” Journal of Sea Research

o Sea and Fishery Research K Erzini. 2005. “Trends in NE Atlantic landings (southern Portugal):
identifying the relative importance of fisheries and environmental variables.” Fisheries Oceanography

e Sea and Fishery Research AF Zuur, ID Tuck, N Bailey. 2003. “Dynamic factor analysis to estimate
common trends in fisheries time series.” Canadian Journal of Fisheries and Aquatic Sciences

¢ Sociology Z Lin, A Brannigan. 2003. “Advances in the Analysis of Non-stationary Time Series: An
Illustration of Cointegration and Error Correction Methods in Research on Crime and Immigration.”
Quality and Quantity



