CLASS NOTES

INTRODUCTION TO TIME SERIES ANALYSIS

WHAT IS A TIME SERIES?
An ordered sequence of values of a variable at equally spaced time intervals.

A time series is a collection of observations of well-defined data items obtained through repeated
measurements over time. For example, measuring the value of retail sales each month of the year
would comprise a time series. This is because sales revenue is well defined, and consistently
measured at equally spaced intervals. Data collected irregularly or only once are not time series.

An observed time series can be decomposed into three components: the trend (long term
direction), the seasonal (systematic, calendar related movements) and the irregular

(unsystematic, short term fluctuations).
Applications: The usage of time series models is twofold:

e Obtain an understanding of the underlying forces and structure that produced the
observed data
o Fit a model and proceed to forecasting, monitoring or even feedback and feed forward

control.
Time Series Analysis is used for many applications such as:

e Economic Forecasting

o Sales Forecasting

o Budgetary Analysis

e Stock Market Analysis

e Yield Projections

e Process and Quality Control
e Inventory Studies

e Workload Projections
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o Utility Studies

o Census Analysis

WHAT ARE STOCK AND FLOW SERIES?

Time series can be classified into two different types: stock and flow.
A stock series is a measure of certain attributes at a point in time and can be thought of as
“stocktakes”. For example, the Monthly Labour Force Survey is a stock measure because it takes
stock of whether a person was employed in the reference  week.
Flow series are series which are a measure of activity over a given period. For example, surveys
of Retail Trade activity. Manufacturing is also a flow measure because a certain amount is
produced each day, and then these amounts are summed to give a total value for production for a

given reporting period.

The main difference between a stock and a flow series is that flow series can contain effects
related to the calendar (trading day effects). Both types of series can still be seasonally adjusted

using the same seasonal adjustment process.

WHAT ARE SEASONAL EFFECTS?

A seasonal effect is a systematic and calendar related effect. Some examples include the sharp
escalation in most Retail series which occurs around December in response to the Christmas
period, or an increase in water consumption in summer due to warmer weather. Other seasonal
effects include trading day effects (the number of working or trading days in a given month
differs from year to year which will impact upon the level of activity in that month) and moving
holidays (the timing of holidays such as Easter varies, so the effects of the holiday will be

experienced in different periods each year).
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http://www.abs.gov.au/ausstats/abs@.nsf/mf/8501.0
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WHAT IS SEASONAL ADJUSTMENT AND WHY DO WE NEED IT?

Seasonal adjustment is the process of estimating and then removing from a time series influences
that are systematic and calendar related. Observed data needs to be seasonally adjusted as
seasonal effects can conceal both the true underlying movement in the series, as well as certain

non-seasonal characteristics which may be of interest to analysts.

WHY CAN'T WE JUST COMPARE ORIGINAL DATA FROM THE SAME PERIOD IN
EACH YEAR?

A comparison of original data from the same period in each year does not completely remove all
seasonal effects. Certain holidays such as Easter and Chinese New Year fall in different periods
in each year, hence they will distort observations. Also, year to year values will be biased by any
changes in seasonal patterns that occur over time. For example, consider a comparison between
two consecutive March months i.e. compare the level of the original series observed in March for
2000 and 2001. This comparison ignores the moving holiday effect of Easter. Easter occurs in
April for most years but if Easter falls in March, the level of activity can vary greatly for that
month for some series. This distorts the original estimates. A comparison of these two months
will not reflect the underlying pattern of the data. The comparison also ignores trading day
effects. If the two consecutive months of March have different composition of trading days, it
might reflect different levels of activity in original terms even though the underlying level of
activity is unchanged. In a similar way, any changes to seasonal patterns might also be ignored.
The original estimate also contains the influence of the irregular component. If the magnitude of
the irregular component of a series is strong compared with the magnitude of the trend
component, the underlying direction of the series can be  distorted.

However, the major disadvantage of comparing year to year original data, is lack of
precision and time delays in the identification of turning points in a series. Turning points occur
when the direction of underlying level of the series changes, for example when a consistently
decreasing series begins to rise steadily. If we compare year apart data in the original series, we

may miss turning points occurring during the year. For example, if March 2001 has a higher
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original estimate than March 2000, by comparing these year apart values, we might conclude that
the level of activity has increased during the year. However, the series might have increased up

to September 2000 and then started to decrease steadily.
WHEN IS SEASONAL ADJUSTMENT INAPPROPRIATE?

When a time series is dominated by the trend or irregular components, it is nearly impossible to
identify and remove what little seasonality is present. Hence seasonally adjusting a non-seasonal

series is impractical and will often introduce an artificial seasonal element.

WHAT IS SEASONALITY?

The seasonal component consists of effects that are reasonably stable with respect to timing,
direction and magnitude. It arises from systematic, calendar related influences such as:
o Natural Conditions
Weather fluctuations that are representative of the season (uncharacteristic weather
patterns such as snow in summer would be considered irregular influences).
. Business and Administrative procedures
Start and end of the school term.
« Social and Cultural behavior
Christmas, Diwali , Holi.
It also includes calendar related systematic effects that are not stable in their annual timing or are
caused by variations in the calendar from year to year, such as:
« Trading Day Effects

The number of occurrences of each of the day of the week in a given month will differ

from year to year
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- There were 4 weekends in March in 2000, but 5 weekends in March of 2002.

« Moving Holiday Effects

Holidays which occur each year, but whose exact timing shifts

- Easter, Chinese New Year.
HOW DO WE IDENTIFY SEASONALITY?

Seasonality in a time series can be identified by regularly spaced peaks and troughs which have a
consistent direction and approximately the same magnitude every year, relative to the trend. The
following diagram depicts a strongly seasonal series. There is an obvious large seasonal increase
in December retail sales in New South Wales due to Christmas shopping. In this example, the

magnitude of the seasonal component increases over time, as does the trend.

Figure 1: Monthly Retail Sales in New South Wales (NSW) Retail Department
Stores
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WHAT IS AN IRREGULAR?

The irregular component (sometimes also known as the residual) is what remains after the
seasonal and trend components of a time series have been estimated and removed. It results from
short term fluctuations in the series which are neither systematic nor predictable. In a highly
irregular series, these fluctuations can dominate movements, which will mask the trend and

seasonality. The following graph is of a highly irregular time series:

Figure 2: Monthly Value of Building Approvals, Australian Capital Territory (ACT)
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WHAT IS THE TREND?

The ABS trend is defined as the 'long term' movement in a time series without calendar related
and irregular effects, and is a reflection of the underlying level. It is the result of influences such
as population growth, price inflation and general economic changes. The following graph depicts

a series in which there is an obvious upward trend over time:
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Figure 3: Quarterly Gross Domestic Product
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WHAT ARE THE UNDERLYING MODELS USED TO DECOMPOSE THE OBSERVED
TIME SERIES?

Decomposition models are typically additive or multiplicative, but can also take other forms such

as pseudo-additive.

Additive Decomposition

In some time series, the amplitude of both the seasonal and irregular variations do not change as
the level of the trend rises or falls. In such cases, an additive model is appropriate.
In the additive model, the observed time series (Oy) is considered to be the sum of three
independent components: the seasonal S;, the trend T and the irregular

L.
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Ubserved senes=Trend +Seasonal +regqular

That is
Oy =T +5 +|

Each of the three components has the same units as the original series. The seasonally adjusted

series 1s obtained by estimating and removing the seasonal effects from the original time series.

-

The estimated seasonal component is denoted by =t . The seasonally adjusted estimates can be

expressed by:

seasonally adjusted series=0Observed zeries- Seasonal

=Trend +lrregular

In symbols,
oA, =0, - Sy

=T, +l,

The following figure depicts a typically additive series. The underlying level of the series

fluctuates but the magnitude of the seasonal spikes remains approximately stable.
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Figure 4: General Government and Other Current Transfers to Other Sectors
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Multiplicative Decomposition

In many time series, the amplitude of both the seasonal and irregular variations increase as the
level of the trend rises. In this situation, a multiplicative model is usually appropriate.
In the multiplicative model, the original time series is expressed as the product of trend, seasonal

and irregular components.

Observed series=Trend xSeasanal xIrregular

or

O, =T =5, =,

The seasonally adjusted data then becomes:
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seasonally Adjusted series = Observed + Seasonal
=Trend = lrregular

5,&1/

_Tx

or

Under this model, the trend has the same units as the original series, but the seasonal and
irregular components are unitless factors, distributed around 1.
Most of the series analysed by the ABS show characteristics of a multiplicative model. As the

underlying level of the series changes, the magnitude of the seasonal fluctuations varies as well.

Figure 5: Monthly NSW ANZ Job Advertisements
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