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 STATISTICS 3.8  Internally assessed
4 credits

 Investigate times series data

  Introduction to time series
A time series is an ordered sequence of 
measurements of the same variable, usually made 
at equally spaced time intervals. Time series analysis 
has many practical applications, such as the study 
of global warming, environmental trends, economic 
forecasting, census analysis, yield forecasting, etc.

In this Achievement Standard you will analyse time 
series data in order to observe trends in data and 
make a forecast (there may also be past features of 
the time series that are of interest).

From a given multivariate data set you will choose an 
appropriate variable to investigate. (It is important to 
consider the raw data carefully and understand the 
context of the variables involved, prior to forming the 
problem, or doing any analysis.)

Using appropriate software, such as iNZight, you will 
produce times series graphs, discuss trends and make 
a forecast.

Your investigation should be structured using the steps 
in the Statistical Enquiry Cycle (PPDAC):
• Problem: using time series data to investigate 

trends and make a forecast, using research to 
develop the problem

• Plan: using iNZight, select and use an appropriate 
display for the time series

• Data: when using an existing data source, state 
what this data source is and consider how up-to-
date, reliable and relevant it is (who will use the 
forecast?)

Note:  Where indicated, data sets are available as 
spreadsheets on the ESA website RESOURCES .

• Analysis: discussing trends; using research 
to explain observations; making a forecast; 
investigating other possible models and their 
effect on the forecast

• Conclusion: communicating your fi ndings in a 
conclusion; discussing the accuracy, limitations 
and usefulness of your forecast; using research to 
validate the conclusion and inform suggestions for 
further investigation.

Trends
A time series graph displays trends in the data. 
There are two types of trend:

Long-term trends
• The overall trend – in the long run, the graph 

may appear to be increasing, decreasing or 
remaining constant.

• Long-term cycles – the graph may appear to 
rise and fall about the general long-term trend in a 
regular cycle (with a period greater than 2 years).

Short-term trends
• Seasonal variations (with a period less than 

2 years) are often connected with climate or 
season, and appear as regular patterns in the data 
values at corresponding times.

• Any random irregularities (spikes or dips in the 
graph).

• Residual values (the difference between an 
individual seasonal effect and the average 
seasonal effect for that data value).

• Steps or shifts in data values – an abrupt change 
in the sizes of data values, which is sustained (i.e. 
is not a spike or dip).

You may be able to use contextual knowledge, using 
background information about the data, to explain 
why various trends occur.

Copy correctly
Copying or scanning from 
ESA workbooks is subject to the 
NZ Copyright Act which limits 
copying to 3% of this workbook.
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Example

Q.   The time series graph below shows the carbon dioxide (CO2) content of the atmosphere measured at 
the Mauna Loa Observatory on the Big Island of Hawaii from 1973 to 1980.

Atmospheric carbon dioxide
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Data source: Qelp

Discuss any trends you can observe, giving possible contextual reasons for these trends.

A.   There is a long-term increasing linear trend, with CO2 levels in the atmosphere rising as time passes. 
This may be a result of increasing levels of pollution in the atmosphere.
There is a regular seasonal pattern.

 •  There are annual maximums of CO2 in May – these correspond to the northern hemisphere 
autumn/winter when carbon dioxide is released as a result of plants dying and rotting.

 •  There are annual minimum levels of CO2 in October – these correspond to the northern 
hemisphere spring-summer growing cycle when carbon dioxide is removed from the atmosphere 
due to photosynthesis.

 Exercise A: Trends
For each of the following graphs, discuss 
any trends you can observe, and give 
possible contextual reasons for these 
trends.
1. This time series graph shows 

the number of earthquakes of 
magnitude greater than 7 measured 
around the world between 1940 and 
1999.

Ans. p. 67
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2. The time series graph shows Bob’s electricity usage from September 1994 to January 2005.

Bob’s electricity usage
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3. The time series graph shows the number of sunspots since January 1971.

Sunspots
250

200

150

100

50

0

N
o.

 o
f s

un
sp

ot
s

0 100 200 300 400 500 600

Number of months since Jan 1971



4 Achievement Standard 91580 (Mathematics and Statistics 3.8)
AS

 9
15

80

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908315-99-4  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

4. Suggest a possible reason for the following features in the following contexts.
a.  An irregularity in a time series of the daily value of hot chip sales at a school tuck shop over a week.

b.  A step change in a time series of the monthly numbers of accidents at a particular city corner.

5. Find some more time series graphs on-line or in newspapers, etc. and consider the features of the graphs. 
Attach a time series graph to the page, and explain what interesting features it displays.
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c. Suggest possible reasons for any aspects of interest in the observed trend.

d.  Compare the time series plot for the variable TotalBeer with the time series plot for the variable 
TotalSpirit (the quantity of spirits available for consumption in New Zealand measured in millions of litres 
per quarter) for the same period. Suggest possible reasons for any differences observed.

Further analysis

iNZight also produces graphs of decomposed and recomposed data.

Decomposed data

Decomposing a time series means separating it into its components:
• the trend
• any seasonal component
• the irregular component or residuals.

The decomposed graph shows a plot of the raw data with the trend, a plot of the average seasonal swing 
(variation about the trend for each season) and residuals (the difference between the individual seasonal effect 
and the average seasonal effect for a particular season).

Note: It is not necessary to include this graph in your report.

Recomposed data

This graph includes the same information as the decomposed data with the addition of a line (in blue) showing 
the trend plus the average seasonal effect. The differences between this line and the raw data correspond to the 
residuals and generally indicate seasons in which the raw data differs from what you would expect for a typical 
season.
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Recomposed data: Consumables
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Residuals

The size of the residuals should be compared (as a percentage) with the overall range of the raw data. Residuals 
highlight when the largest irregularities occur and will vary above and below zero – the larger the absolute value 
of the residual, the greater the variation from a typical season. Residuals of less than 10% of the overall range are 
not considered to be of signifi cance. Residuals of greater than 10% would indicate unusual observations which 
should be discussed with possible reasons investigated within the context given.

Example

In the plot of the residuals in the above graph for Consumables (Source: Statistics New Zealand), the 
observed values have a range of approximately $200 million (values between ±$100 million). The 
largest residual of approximately $100 million occurred in 2010, but is not signifi cantly large (less than 
10% of the range of the raw data which is approximately 4 700 – 2 300 = $2 400 million).
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 Exercise G: Further analysis
1. The following graph records the number of unemployed people in New Zealand recorded quarterly, from 

2007 to 2012. (Source: Statistics New Zealand)

Recomposed data: Unemployed
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a. Estimate the total range for the raw data.

b. Find 10% of the range of the raw data.

c.  Identify when the largest negative and largest positive residuals occur and interpret the meaning of 
these in context.

d. Are any of the residuals considered noteworthy?

Ans. p. 70
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2. The following graphs shows the total amount of spirits available for consumption in New Zealand, recorded 
in millions of litres per quarter. (Source: StatsNZ Infoshare)

Recomposed data: TotalSpirits
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a. What is the overall range of the raw data?

b. Find 10% of this range.

c.  A residual of greater than 10% of the overall range of the raw data is considered to be of note. Identify 
when residuals of note occur, recording their approximate magnitude.

d.  Large positive residuals suggest the consumption of spirits was greater than expected for the time of 
year. What would a large negative residual suggest?
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d. Area of Arctic sea ice in millions of square kilometres. (Source: iNZight data fi le)
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 Conclusion and forecasts
Forecasts
iNZight makes forecasts using the Holt-Winters procedure, a process which places greater weighting on the 
most recent data values. This procedure assumes that the seasonal pattern remains constant over the given 
period of time (if this is not the case then any forecasts may be unreliable, especially for times far beyond the 
period for which data is available). Forecasts must be rounded sensibly to indicate that this is an estimate only.

Each forecast is given as a single value within a range of values. The reliability of the forecast should be 
investigated, based on these limits, along with the fi t of the data to the Holt-Winters model.

To create the forecast select Predict – this produces a printout of predictions and limits, along with a graph 
showing predictions within the shaded confi dence intervals.

Further investigation on the reliability of forecasts could be carried out by removing the last few data points and 
repeating the forecast with this reduced data set and comparing the subsequent ‘forecast’ with the actual original 
values.

Example

A time series for quarterly visitor numbers to New Zealand from 1980Q1 to 2014Q2 is given.

In order to investigate the reliability of the forecasts made by the Holt-Winters model, the visitor 
numbers for the fi nal three quarters will be removed from the data set, and a ‘forecast’ made for these 
quarters.
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To remove the last three data points, from the data input section select:

 Filter Data

 Filter Dataset

Select fi lter data by row number (as given by the fi rst 
column in data set).

Select the row numbers corresponding to the last three data points.

Create a new set of forecasts (these will now run for the two years from 2013Q4 to 2015Q3), and 
compare the ‘forecasts’ for 2013Q4, 2013Q5 and 2013Q6 to the actual visitor numbers for these 
quarters.

If the actual data visitor numbers fall within the range of the ‘forecasted’ visitor numbers, then this 
would give confi dence that the model makes reliable forecasts.

If possible, an even better way to investigate the reliability of forecasts is to research the variable in order to 
get more up-to-date data (e.g. actual visitor numbers to New Zealand for 2014Q3 and beyond in the example 
above), and to compare these values with the forecasts from your analysis of the older data.
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 ANSWERS

 Exercise A: Trends (page 2)

1. The long-term trend is that numbers of magnitude >7 earthquakes 
appear to be decreasing. There appears to be a cycle of maximum 
number every two to three years. 1943 and 1957 had unusually large 
numbers of earthquakes, while 1958 had an unusually low number of 
earthquakes.

2. Up until November 2000, Bob’s electricity usage appeared to be 
increasing overall, whereas after this date his usage appears to be 
decreasing. This in fact corresponded to Bob having gas cooking 
installed. Minimum usage appears to occur each March, corresponding 
to one of the warmer months of the year. There is an outlier, where usage 
is higher than expected in January 1994, which may have been due to 
higher than expected temperatures requiring the use of air conditioning. 
Usage is higher than expected in September 1997 which may be due to 
colder than expected temperatures requiring extra heating.

3. The long-term trend is that the number of sunspots seems to be slightly 
decreasing. There is a cycle of approximately 11 years, which is the 
time between the maximum numbers of sunspots. The maximum 
number of sunspots seems to be between 170 to 200, dropping down 
to single-digit numbers for the minimum numbers of sunspots. There 
seems to be an unusually low number of sunspots given the time of the 
cycle in months 96, 126, 234 and 362.

4. a.  Answers will vary, possibilities include: an event at school may 
result in a change in sales volume, or unusually cold weather 
may increase demand for hot chips.

 b.  Answers will vary, possibilities include: changes in road markings, 
installation of lights, introduction of traffi c-calming measures, 
changes in give-way rules, etc.

5. Student answers will vary.

 Exercise B: Smoothing the data (page 6)

1. a = 18.4, b = 23.8, c = 26.4, d = 27.4, e = 21.4, f = 16.6, g = 18.2

2. a = 7.426, b = 6.94, c = 6.346, d = 5.68, e = 5.27, f = 5.24, 
g = 5.122

3. 

Year
Divorce 

rate
Moving 
mean 3

Moving 
median 3

1982 1.1

1983 0 0.766667 1.1

1984 1.2 0.4 0

1985 0 0.833333 1.2

1986 1.3 0.9 1.3

1987 1.4 1.9 1.4

1988 3 2.033333 1.7

1989 1.7 4.133333 3

1990 7.7 4.566667 4.3

1991 4.3 4.8 4.3

1992 2.4 3.1 2.6

1993 2.6 1.666667 2.4

1994 0 2.9 2.6

1995 6.1 3.033333 3

1996 3 3.033333 3

1997 0 1.9 2.7

1998 2.7 1.766667 2.6

1999 2.6 4.133333 2.7

2000 7.1 4 2.6

2001 2.3 6.133333 7.1

2002 9 6.766667 9

2003 9 7.5 9

2004 4.5 4.5 4.5

2005 0 1.5 0

2006 0 1.533333 0

2007 4.6 2.3 2.3

2008 2.3 2.3 2.3

2009 0 0.766667 0

2010 0

Differences are observed where the mean is more affected by extreme values 
whereas the medians are unaffected by outliers. The median is represented 
by an actual rate from the raw data, rather than an averaged rate.

 Exercise C: Centred moving means (page 9)

1.

Quarter

Raw data 
(litres of wine 

produced)

Moving 
mean of 
order 4

(MM4)
Centred moving 

mean (CMM)

Mar-00 154.3   

Jun-00 147.5 157.5  

Sep-00 161.4 162.65 160.075

Dec-00 166.8 163.925 163.2875

Mar-01 174.9 168.375 166.15

Jun-01 152.6 173.825 171.1

Sep-01 179.2 165.675 169.75

Dec-01 188.6 172 168.8375

Mar-02 142.3 174.15 173.075
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