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StatiSticS 3.8
Relating to page 44 of Level 3 Statistics Learning Workbook

Sample assessment
The future of Antarctica will go on to influence global climate and sea-level changes. Climate change and ozone depletion are 
two distinct but interrelated issues. The Antarctic ozone hole has a major effect on the local climate and remains the largest 
human-induced disturbance to Antarctica to date. Most ozone-depleting substances are also potent greenhouse gases. Nitrous 
oxide is the third most potent greenhouse gas, after carbon dioxide and methane and is emitted into the atmosphere through 
human activities.

You have been given data about the ozone level, ozone hole area, greenhouse gases and temperature changes in Antarctica for 
the years 1986–2013. The data given is as follows: 

Variable Description Source

Methane
Methane levels in parts per billion measured at 
Mawson*

Adapted from Australian Government 
Department of the Environment

CO2
Carbon dioxide levels in parts per million 
measured at Mawson*

Adapted from Australian Government 
Department of the Environment

NO2
Nitrous oxide levels in parts per billion 
measured at Mawson*

Adapted from Australian Government 
Department of the Environment

Area
Ozone hole area: area on the globe in million 
square km of ozone column values below 
220 DU (Dobson Units)

Adapted from NASA (National Aeronautics and 
Space Administration) Ozone Hole Watch

Ozone
Monthly minimum ozone level measured in DU 
at Halley #

Adapted from British Antarctic Survey 
Meteorology and Ozone Monitoring Unit

Temp
Average monthly temperature in Celsius 
measured at Mawson*

Adapted from British Antarctic Survey 
Meteorology and Ozone Monitoring Unit

* Mawson Station is one of three permanent Australian bases in the Australian Antarctic.

# Halley Research Station is run by the British Antarctic Survey.

Use the statistical enquiry cycle to carry out a statistical investigation to determine patterns in a data set. Write a report 
describing the investigation.

1. Familiarise yourself with the data set provided. This will include doing research to help you understand the variables and to 
develop a purpose for the investigation.

2. Select at least one of the variables to investigate.
3. Select and use appropriate displays to graph your data.
4. Identify features in the data and relate these to the context.
5. Find an appropriate model for your data.
6. Use your model to make a forecast.
7. Write a conclusion. Support your conclusion by referring to your analysis and/or features of the visual displays. Include 

a reflection on your process, which could consider other relevant variables, an evaluation of the adequacy of the model, 
consideration of the validity of your forecasts, or a deeper understanding of the model.

In writing your report, link your discussion to the context and support the statements you make by referring to statistical 
evidence.
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Solution
A worked example of a suitable solution follows.

Purpose
‘Carbon dioxide is the primary greenhouse gas that is contributing to recent climate change. Human activities, such as the 
burning of fossil fuels and changes in land use, release large amounts of carbon to the atmosphere, causing CO2 concentrations 
in the atmosphere to rise. While CO2 emissions come from a variety of natural sources, human-related emissions are responsible 
for the increase that has occurred in the atmosphere since the industrial revolution.’ (Source: US Environment Protection 
Agency.)

Changes in Antarctica are important in helping us predict the future of Earth’s climate system. (Source: British Antarctic Survey.)

This report will investigate factors related to climate change and their effect on Antarctica.

The carbon dioxide levels at Mawson Station (an Australian base in Antarctica) will be analysed. The data records monthly 
carbon dioxide (CO2) levels in parts per million (ppm) measured at Mawson Station from July 1986 to December 2013. 
(Data source: Australian Government Department of the Environment.) The data will be used to investigate trends and make 
forecasts.

The monthly CO2 level was chosen as the variable of interest as the increase in carbon dioxide levels in the atmosphere is 
recognised as one of the main contributing factors to global warming. It is important to investigate CO2 levels as much of the 
CO2 in the atmosphere is input through human activities, and understanding the impact of our actions on the trends in CO2 
levels may help modify our behaviour.

From research I expect that I will find that CO2 levels in the atmosphere have increased significantly, mainly through the burning 
of fossil fuels. This prediction is supported by a comment from Dr Erika Podest, a NASA carbon and water cycle research 
scientist: ‘CO2 concentrations haven’t been this high in millions of years. Even more alarming is the rate of increase in the last 
five decades and the fact that CO2 stays in the atmosphere for hundreds or thousands of years. This milestone is a wakeup call 
that our actions in response to climate change need to match the persistent rise in CO2. Climate change is a threat to life on 
Earth and we can no longer afford to be spectators.’

It will also be interesting to see if there has been any levelling off in the CO2 levels in more recent times as more countries, 
including New Zealand, have become aware of the issue of global warming and taken steps to lower their carbon emissions. 
‘The New Zealand Government is working actively to secure an effective global agreement to limit greenhouse gas emissions. 
The Government’s main policy tool to reduce emissions is an Emissions Trading Scheme that puts a price on greenhouse gas 
emissions.’ (Source: New Zealand Government.)

Data

Time series plot for CO2
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The long-term trend for the levels of CO2 at Mawson Station from 1986 to 2013 is increasing, from approximately 345 
parts per million of CO2 in July 1986 to approximately 390 parts per million of CO2 in December 2013. This is an increase of 
approximately 45 parts per million in 27.5 years, or an increase of 45

27.5
 = 1.6 parts per million of CO2 per year.

This increase is probably due to increasing numbers of human activities that produce CO2. There has been a long and 
continued period of industrialisation in which we are burning a large amount of fossil fuels, the greatest contributor to CO2 

to the atmosphere. ‘Human activities such as the combustion of fossil fuels and deforestation have caused the atmospheric 
concentration of carbon dioxide to increase by about 35% since the beginning of the age of industrialization.’ (Source: NOAA.)

There has been a trend of steady increase in CO2 levels at Mawson Station which can be seen in the near constant positive 
gradient of the trend line in the above graph.

From January 2005 to January 2010 the gradient of the trend line for CO2 levels is slightly less steep, which may be as a result 
of implementation of the Kyoto Protocol. ‘Kyoto Protocol is an international treaty that sets binding obligations on industrialised 
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countries to reduce emissions of green-house gases’ which includes CO2 (Source: United Nations). The first round of this Protocol 
went into effect in 2005, ending in 2010 – this appears to be reflected in the gradient of the trend after 2010 then returning to a 
similar steepness to that of the trend line before 2005. In 2010 some of the largest contributors to CO2 emissions (including the 
USA and China) pulled out of the Protocol.

Recomposed data: CO2
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By analysing the residuals for monthly CO2 levels at Mawson Station from 1986 to 2013, any times when the level of CO2 was 
higher or lower than expected for the time of year can be identified. Any residuals that are greater than 10% of the overall 
range of CO2 levels are considered of note.

The overall range for the raw data of CO2 levels at Mawson is about 47 parts per million of CO2, hence any residuals of 4.7 ppm 
or larger will be of interest. Most of the residuals lie within –1 and 1 ppm of CO2 and are therefore not of note.

Overall there are no residuals of note. However, in 2005 there is a relatively large negative residual (where CO2 levels were 
lower than expected for the time of year), followed by a relatively large positive residual (where CO2 levels were higher than 
expected) which, although not significant, may be of interest. These larger residuals may be associated with the record-breaking 
high temperatures globally in 2005. ‘The year 2005 was the warmest year in over a century, according to NASA scientists 
studying temperature data from around the world.’ (Source: NASA.) CO2 levels are linked closely with global temperature, 
as when temperatures are higher, it is more difficult for CO2 to dissolve into the ocean and therefore more CO2 is in the 
atmosphere.

From the seasonal plot below it can be seen that there are regular peaks and troughs in the levels of CO2. The additive seasonal 
effects show the averages of the seasonal effects seen in the monthly CO2 levels in parts per million taken from Mawson 
station.
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In September there is the highest monthly level of CO2 at Mawson Station which is on average about 0.65 ppm above the 
trend. The lowest CO2 levels at Mawson Station occur in March and April when they are on average around 0.6 ppm below the 
trend.

A possible reason for this seasonal trend is the seasonal change in the uptake of CO2, through organisms and photosynthesis, 
by the world’s land vegetation, which is a natural sink (where CO2 is stored instead of in the atmosphere). ‘Most of this 
vegetation is in the northern hemisphere, since this is where most of the land is located. The level decreases from northern 
spring onwards as new plant growth takes carbon dioxide out of the atmosphere through photosynthesis and rises again in 
the northern fall as plants and leaves die off and decay to release the gas back into the atmosphere.’ (Source: University of 
California.) This could account for the CO2 levels being highest in September (autumn in the northern hemisphere) and lowest in 
March (spring in the northern hemisphere).

It has been noted that carbon dioxide is more readily absorbed by cold water. ‘A major reason for the drop in atmospheric CO2 

as temperatures decrease is that colder oceans are able to dissolve more CO2. There is a constant exchange of CO2 between 
the atmosphere and the oceans. Gas is dissolved and also released into the atmosphere. The balance is determined largely by 
temperature.’ (Source: Schlumberger Excellence in Education Development.) Globally, the highest temperatures occur around 
September and the lowest temperatures occur around March, which appears to correspond to the highest and lowest carbon 
dioxide levels – this is, however, opposite to what would be expected if the southern hemisphere seasons were considered.

From a visual inspection of the seasonal plot, it appears that the seasonal pattern for CO2 levels at Mawson Station is fairly 
consistent, with most of the seasonal patterns for each year having a similar shape. However, there appears to be a steeper 
increase between May 1992 and July 1992 compared with the relatively constant level between these months in the other 
years. A similar pattern is seen in 2006. There is a significant increase in the level of CO2 in 2005 compared with 2004, as 
evidenced by the step in the seasonal plot between these years. This may be related to the larger residual seen in 2005, where 
2005 was the hottest year on record.

Contribution to variability in the time series
From a visual inspection of the time series graph, it is apparent that the trend is the greatest contributor to the variability seen 
in the CO2 levels recorded at Mawson Station.

The table shows the percentage of the variation in the trend, seasonal effects and residuals relative to the raw data range for 
monthly atmospheric CO2 levels recorded at Mawson Station from 1986 to 2013. 

spread range % of raw range

raw 392 parts per million to 345 parts per million 47 parts per million

trend 390 parts per million to 345 parts per million 45 parts per million 95.7%

Seasonal 1 part per million to –1 parts per million 2 parts per million 4.3%

Residuals 1.25 parts per million to –1 parts per million 2.25 parts per million 4.8%

This confirms that the main contributor to the variability observed in CO2 levels at Mawson Station is the trend (95%). The 
residuals (4.8%) and seasonal effects (4.3%) also make small contributions.
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Forecast
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Jan 2014 391.9342 392.3560 391.5124

Feb 2014 391.6956 392.2759 391.1154

Mar 2014 391.6523 392.3600 390.9445

Apr 2014 391.8955 392.7145 391.0765

May 2014 392.2998 393.2197 391.3798

Jun 2014 392.7206 393.7343 391.7069

Jul 2014 393.2189 394.3211 392.1167

Aug 2014 393.8436 395.0302 392.6570

Sep 2014 394.1262 395.3940 392.8584

Oct 2014 394.0997 395.4460 392.7533

Nov 2014 394.0523 395.4752 392.6295

Dec 2014 393.9757 395.4732 392.4783

Jan 2015 393.8299 395.4100 392.2499

Feb 2015 393.5914 395.2429 391.9398

Mar 2015 393.5480 395.2700 391.8260

Apr 2015 393.7913 395.5828 391.9997

May 2015 394.1955 396.0559 392.3352

Jun 2015 394.6163 396.5448 392.6878

Jul 2015 395.1146 397.1107 393.1186

Aug 2015 395.7393 397.8025 393.6762

Sep 2015 396.0220 398.1517 393.8922

Oct 2015 395.9954 398.1915 393.7993

Nov 2015 395.9481 398.2101 393.6860

Dec 2015 395.8715 398.1992 393.5437

Using a Holt-Winters model, the forecast is that in December 2014 the CO2 level in the atmosphere at Mawson Station is likely 
to be about 394 parts per million, and probably between 392 parts per million and 395 parts per million.

A visual inspection indicates that the Holt-Winters model is a very good fit for the raw data. There are very few times when 
the model (blue line) does not fit the data (black line). It is only at the beginning of 2005 where some small differences are 
observed. This, in conjunction with the consistent seasonal effects (which is a requirement for the Holt-Winters model to be an 
appropriate model) suggests that we can be very confident in the Holt-Winters predictions for the future CO2 levels.
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The Holt-Winters model places more emphasis on the more recent data, but from the trend line it can be seen that the more 
recent data is consistent with the overall trend in CO2 levels from 1986 to 2013. The values predicted would also reflect this 
trend, and this can be seen in the continuation of the almost linear upward trend in the data. Again, this also suggests that the 
forecast should be reliable. Also, since the width of the forecast intervals for this model are quite small (with a maximum width 
of only about 5 parts per million), this suggests that the forecasts are precise as well as reliable.

To further test the robustness of the Holt-Winters model for forecasting CO2 levels at Mawson, I am going to remove the last 
three months’ data value, then ‘forecast’ for these dates and compare these ‘forecasts’ with actual values. Removing the last 
three values gives the following output.

Forecast Output

fit upr lwr
Oct2013 392.0224 392.4459 391.5988

Nov2013 391.9752 392.5578 391.3926

Dec2013 391.8989 392.6096 391.1883

These ‘predictions’ can now be compared with the actual CO2 levels:

2013M10 392.13

2013M11 392.14

2013M12 392.08

For November 2013, the Holt-Winters model predicts the CO2 level to be about 392 parts per million, and probably somewhere 
between 391 and 393 ppm. This compares very favourably with the actual reading of 392.14 ppm. This would again suggest 
that predictions made using the Holt-Winters model for CO2 levels at Mawson Station are very reliable. It should be noted that 
‘Many scientists, climate experts, and progressive national governments agree – that 350 ppm is the “safe” level of carbon 
dioxide.’ (Source: 350.org)

Conclusion:
As predicted, this investigation has found a marked increase in CO2 levels at Mawson Station in Antarctica from July 1986 to 
December 2013. Over this period, the CO2 levels at Mawson Station have shown an annual increase of, on average, around 1.6 
ppm.

This trend is likely to be due to the global increase in greenhouse gas emissions. It appears that the implementation of the 
Kyoto Protocol may have had an effect in reducing the rate of increase of CO2 levels, which would indicate that with global 
efforts, changes can be made. Hence forecasts would be of interest to both scientists and policy makers. Without intervention it 
is likely that the trend of increasing levels of CO2 in the atmosphere will continue. However, there will be a limit of CO2 beyond 
which its environmental effects would mean life on Earth would not be sustainable.

The model used fitted the data very well and hence any forecasts made should be reliable. The additive model was the most 
appropriate, due to the consistent seasonal effects and close fit of the model to the raw data. The forecasts made were for a 
short time ahead of the last data period and so should be very reliable. In recent times there has been no visible change to the 
trend and it is reasonable to believe that the same trend will continue into the near future.

It would be interesting to investigate if other greenhouse gases (such as methane) have increased similarly, as it may be that 
the combined increases of several gases will result in a much greater impact on the environment than one gas acting alone.

In the context of this investigation, the data available is for a relatively short period of time. In geological terms, 27.5 years is 
a short period of time considering the carbon cycle operates on a scale of thousands of years. There have been times in past 
history when CO2 levels have reached similar levels and so it would be interesting to look at very long-term data to determine 
whether the increase in CO2 levels are merely part of a long-term cycle. However, what is of concern is the short time span over 
which the levels of CO2 have risen to such a level. ‘Humans today are emitting prodigious quantities of CO2, at a rate faster 
than even the most destructive climate changes in Earth’s past.’ (Source: Skeptical Science.)


