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INTRODUCTION TO UNOBSERVED 

COMPONENTS MODELS 
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SAS® On Demand for Academics

#MSUG2023



#MSUG2023

COVID Data: A Complex Time Series

Series of Waves

More than Medical

Unemployment 1/2019 - 4/2022

=> Unobserved Components

#MSUG2023



#MSUG2023

Unobserved Components Models

• Model Type: State Space Time Series Model, A. Harvey 1989

• Decomposes a time series into unobserved components that together form 

the time series, including trends, periodic behavior, and irregular 

components

• Supports measurement of changes in long-term baseline values of the time 

series => good for modeling high-impact events

• SAS: PROC UCM, R Package: rucm
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PROC UCM Source Code and Options

• irregular, level, slope, season = potential components in the model

• id is the name of the date / time variable, interval is the time 

between observations

• forecast specifies the lead = number of periods in the forecast
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Unobserved Components Model Results, Output and Plots
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CHANGES IN BASELINE LEVELS WITH UCM
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A UCM Classic Example: Depth of the Nile River
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A UCM Classic Example: Depth of the Nile River
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A UCM Classic Example: How has the Depth Changed?
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A UCM Classic Example: Depth of the Nile River
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A UCM Classic Example: How has the Depth Changed?
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COVID QUESTIONS
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COVID-Era Baseline Changes: Unemployment
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COVID-Era Baseline Changes: COVID Mortality Rate
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COVID-Era Baseline Changes: GDP
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LIMITATIONS OF UCM
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Limitation of UCM: Rapidly Changing Non-Periodic Behavior
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Limitations of Unobserved Components Models

• This method decomposes a time series into baseline (it’s called 

“level”), trend (“slope”, periodic (‘seasonal”) in irregular which is 

everything left. Where irregular dominates,  the method isn’t very 

informative – consider local regression

• Noisy or chaotic data often do not model well, as the components are 

difficult to distinguish

• Needs sufficient data in the time series following a change to the 

underlying behavior to accurately predict the new parameters e.g. a 

new baseline
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CONCLUSIONS
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• Unobserved Components models decomposes time series data into 

level, slope, periodic, and irregular components

• Through the use of a binary dummy variable, PROC UCM in SAS 

can estimate changes in baseline levels

• When changes in levels are numerous, large and irregular, UCM 

tends not to perform well – Local Regression is a better choice

• The COVID pandemic has ended but the characteristics of the US 

economy have moved towards new values dissimilar from before the 

start of the pandemic

Summary
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CONTACT INFORMATION

David J Corliss, PhD

Peace-Work

E-mail: davidjcorliss@peace-work.org
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