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 notes Investigating time series data

A time series is a set of values of a variable which are measured as time passes. These raw values are 
usually recorded at regular time intervals.

An example of a time series graph is shown below, in which the area of Arctic sea ice (in millions of square 
kilometres) is plotted by month from January 1990 to March 2011. The trend line on the graph shows the 
smoothed values for the time series.
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When investigating a time series, it is important to relate your statistical analysis to the practical context 
of the data, using correct units. As much as possible, you need to evaluate the reliability of the data 
source and data collection methods, noting any interesting or unusual features of the data and seeking 
explanations for these. Potential sources of bias should be considered. 

You should also consider variability within the data, how much there is, and whether the variability is 
constant or changing (this impacts on the reliability of predictions).

Time series data have four components:

• Trend component – the long-term tendency to increase, decrease or stay steady as time passes. These 
are the smoothed values of the time series. The trend may have unusual features – was it affected by 
outliers? Can it be split into parts so that a piecewise model may have been more useful? Consider 
whether the trend is likely to continue, based on the context.

• Cyclical component – longer-term variations in time-series data that repeat over time, such as a wave-
shaped curve, showing alternating periods of expansion and contraction. Cyclical components are 
diffi cult to analyse (e.g. waves may have differing periods) and at this level are described along with the 
trend.

• Seasonal component – repeating variations in time-series data due to the effect of periodic infl uences, 
e.g. the systematic patterns within the seasons or months of the year, or within the days of the week, or 
within each day. An individual seasonal effect is the difference between a raw value and the smoothed 
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value for that season. The average seasonal effect is a smoothed value for the individual seasonal 
effects. A seasonally adjusted value (or deseasonalised data value) is a raw value with the average 
seasonal effect subtracted.

• Irregular component – erratic or residual variations (noise) that are not accounted for by trend, cycle 
or seasonal components of the time series. A residual is the difference between the individual seasonal 
effect and the average seasonal effect for a season.

Analysis of components
Certain features in a time series, such as seasonality, can be suppressed in order to model the trend and/or 
cycle. Previously, this smoothing process was carried out on a spreadsheet, using the technique of moving 
averages, where the average (mean or median) of successive data values was calculated, and plotted.

iNZight now produces a trend line automatically, using a seasonal decomposition function (Seasonal 
Trend Lowess Model) to isolate and remove the seasonal component of a time series.

•  A local weighted regression line is fi tted to a window of points, so that values near the edge of the 
window are given less weight than observations near the centre of the window when determining the 
local regression line.

•  A separate Lowess smoother is used on each seasonal sub-series, e.g. all the Spring observations, all the 
Summer observations, and so on.

The ‘trend and cycle’ smoothed value, and the appropriate ‘seasonal’ smoothed value can be subtracted 
from the original observation to yield the residual (random component) for that observation.

iNZight produces a decomposition plot that shows the original series (raw data), the seasonal component, 
the trend and cycle and fi nally, the random component (residuals). iNZight also graphs separately the 
superimposed seasonal plot of raw values, and the estimated average seasonal effects.

Variation of components of time series as a percentage of total variation
The range of each of the trend, seasonal and residual components can be expressed as a percentage of the 
range of raw data, in order to determine the main source of variation for the time series.

Forecasts – the Holt-Winters model
A modifi ed exponential smoothing process (Holt-Winters Additive Model), is used to create a prediction 
model for a time series. It should be noted that this model assumes that the seasonal pattern of the time 
series is reasonably constant – features in a time series such as cyclical components or inconsistent seasonal 
patterns are incompatible with assumptions underlying the Holt-Winters additive model and suggest a 
multiplicative model should be considered instead. (Students are NOT expected to calculate a multiplicative 
model.) 

In the Holt-Winters process, a weighted sum of previous values in the series is calculated, in which more 
weight is given to the more recent data values and less weight to the data values from further in the past, 
which would seem to be a realistic model in most contexts.

The Holt-Winters additive model exponentially smooths three series separately, in order to produce 
predictions:

• the level (or mean) is smoothed to give a local average value for the series

• the trend is smoothed

• each seasonal sub-series is smoothed (e.g. all the January values, all the February values, ... for monthly 
data) to give a seasonal estimate for each of the seasons.

A combination of these three series is used to calculate the Holt-Winters predictions output by iNZight.

The Holt-Winters model gives a forecast as a single value within a 95% prediction interval – this prediction 
interval is displayed graphically, and presented in a table. Forecasts close to the data set will be more 
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reliable than extrapolations well beyond the data, since conditions affecting the data can change over time.

The reliability of a forecast depends on the variability within the data and the goodness of fi t of the Holt-
Winters model to the data. Reliability of forecasts also depends on the degree to which the features of the 
time series fi t the assumptions for the model (e.g. constant seasonal pattern).

In order to investigate the reliability of predictions further, remove the last few data values and use the Holt-
Winters model to ‘predict’ these values. Then compare the prediction intervals with the actual data values.

It is important to understand that a prediction can be incorrect, no matter how precisely and accurately it 
is statistically modelled, due to uncontrollable changes that can come about in the practical context, e.g. 
the impact on a variable of extreme natural events (such as earthquakes) or dramatic political or economic 
changes (such as the global fi nancial crisis).

Indexed time series
Over time, prices rise as the result of infl ation, so that the purchasing power of a dollar decreases. This 
makes it diffi cult to directly compare prices from different time periods. 

 An index number shows the value of a quantity relative to its value at a chosen period, called the base 
period. A round number such as 100 (or 1 000) is used for the index of the base period – an index such 
as 104 (or 1 040) in a particular period shows that the value in this period has increased by 4% when 
compared with the value in the base period. An index such as 97 (or 970) shows that the value has 
decreased by 3%.

A value for a particular time period can be defl ated by dividing the value by the index for that time 
period, then multiplying by the index of the base period. This allows values to be compared in real terms, 
e.g. comparing the cost for a fi xed service or a set quantity of goods, such as a ‘basket of groceries’, etc. 
between one time period and another.

An indexed time series is a set of data collected at regular time intervals, just like a regular time series. The 
difference is that the values that have been collected are referenced to some initial value. 

An example of this would be the CPI (Consumers’ Price Index) which measures infl ation. The CPI is set 
initially at 1 000 and each data value is adjusted according to the CPI for that time period. 

The example that follows has the cost of food in dollars and the CPI for quarters from March 1991 to March 
1995. Also, a column has been added that has adjusted the data according to the CPI for that quarter.
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Example

Quarter Food Price CPI Defl ated Price

Mar-91 1 705.5 884 1 929.30

The CPI values are an indexed time 

series, which is used to create the 

series of defl ated prices.

For example, a CPI of 884 in Mar-91 

means prices are 116
1 000

 or 11.6% 

below the base period prices. The 

adjusted food price is 

$1 705.5 ÷ 884 × 1 000 = $1 929.30 

in real terms.

Now these adjusted (or defl ated) data 
can be compared fairly against each 
other. The spending power of the 
dollar in each of the quarters has been
accounted for with the adjustment.

Jun-91 1 690.0 885 1 909.60

Sep-91 1 673.2 888 1 884.23

Dec-91 1 842.4 887 2 077.11

Mar-92 1 724.1 891 1 935.02

Jun-92 1 701.3 894 1 903.02

Sep-92 1 757.8 897 1 959.64

Dec-92 1 924.0 899 2 140.16

Mar-93 1 760.2 900 1 955.78

Jun-93 1 753.1 905 1 937.13

Sep-93 1 792.6 910 1 969.89

Dec-93 1 949.8 912 2 137.94

Mar-94 1 810.4 912 1 985.09

Jun-94 1 817.4 915 1 986.23

Sep-94 1 892.2 926 2 043.41

Dec-94 2 081.4 937 2 221.34

Mar-95 1 966.9 948 2 074.79

Critical analysis
Scholarship questions will focus on the analysis and interpretation of time-series graphs and models in 
practical contexts, along with forecasts whose reliability, relevance and usefulness should be considered. 
A statistical report should be based on the PPDAC cycle, and make sense of all of the time series information 
provided in a clear and insightful manner.

iNZight can be used to compare related time series variables. It may be appropriate to create a new 
variable from existing variables, by adding, subtracting values, etc. in order to gain further insights into the 
behaviour of related time series.

A discussion of the limitations of the analysis may be required – time series data collected over a longer 
time period will give more reliable estimates of average seasonal effects and general trends (however, you 
may wish to consider how relevant older data is to forecasts). Large amounts of variability in the individual 
seasonal effects or residuals will reduce confi dence in your predictions.

You may need to suggest improvements to the model so that potential sources of bias are minimised and 
the predictive accuracy of the model is improved, e.g. if variability is increasing over time.

In a full report, the context and any related studies would be fully researched and a summary presented. 
The problem of interest would be formulated and defi ned in terms of a statistical question. The conclusion 
would answer the question, with justifi cation from the analysis, generalising fi ndings where appropriate, 
bringing to light any areas of uncertainty, and suggesting related questions arising from the investigation 
which would be of interest for further study.
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Example
International Visitor Arrivals to New Zealand is produced by Statistics New Zealand and sponsored by 
Tourism New Zealand. It is a monthly report that includes detailed tables and graphs of monthly and 
annual data showing the number and characteristics of visitor arrivals.

Visitor arrival data comes from Statistics New Zealand’s International Travel and Migration dataset. This 
dataset is derived from information contained in electronic records supplied by the New Zealand Customs 
Service, as well as from arrival and departure cards completed by passengers. 

This report contains statistics on short-term overseas visitor arrivals, defi ned as overseas residents arriving in 
New Zealand for a stay of less than 12 months.

Mo nthly visitor arrivals to New Zealand

Month 2009/10 2010/11 2011/12 2012/13 2013/14

Mar 226 461 243 263 215 553 239 929 270 740

Apr 195 883 187 962 197 777 195 668 200 583

May 141 916 141 336 140 741 140 841 153 034

Jun 135 162 145 825 131 269 151 074 159 485

Jul 176 198 182 904 176 084 173 539 183 718

Aug 161 100 168 081 175 909 178 298 189 284

Sep 172 425 174 157 219 940 179 069 191 056

Oct 187 372 184 898 215 902 184 200 194 973

Nov 219 939 226 455 230 292 232 119 251 060

Dec 341 337 345 656 364 165 363 959 381 892

Jan 256 652 265 553 266 839 260 637 292 446

Feb 267 855 268 259 259 083 281 233 301 165

Source: Statistics New Zealand

Using iNZight, the following graphs were produced (the variable ‘Number’ gives the number of short-term 
overseas visitor arrivals to New Zealand for a monthly period).
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There is a steady upward trend in monthly visitor numbers to New Zealand, increasing from around 
200 000 visitors in March 2009 to around 240 000 visitors in February 2014. This is an increase of around 
8 000 visitors per year. There was an unusual rise in raw monthly visitor numbers in September and 
October 2011 (when New Zealand hosted the Rugby World Cup) and the rate of increase of monthly visitor 
numbers appears to be a little higher in more recent years (2012 onwards) than in earlier years.
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The trend plus seasonal data is generally a good fi t to the raw data, but the graph shows that there are 
some signifi cant differences in September 2011 and October 2011, when monthly visitor numbers were 
higher than expected (residuals are over 10% of the range of the raw data, which is signifi cant). Visitor 
numbers were lower than expected in February 2012, and again in September 2013, and to a lesser extent 
in September 2012 (although the trend plus seasonal value would have been infl ated by larger than usual 
visitor numbers in September 2011).

The range of the raw data is approximately 380 000 – 140 000 = 240 000 visitors.

The range of the trend is approximately 40 000 visitors (17% of range of raw data).

The range of the seasonal effects is around 220 000 visitors (92% of the range of raw data).

The range of the residuals is around 50 000 (21% of range of raw data).

So the most signifi cant contributer to variation in the time series is the seasonal component. This is to be 
expected given the seasonal nature of school holidays, and summer/winter weather, etc. which are likely to 
be closely associated with visitor numbers.
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The seasonal plot shows generally increasing numbers of visitors by month as the years pass (aside from 
2013), with the initial 2014 visitor numbers looking signifi cantly higher than those of previous years.

The seasonal component is generally consistent, with monthly visitor numbers at nearly 150 000 above 
the trend in December, and with lowest numbers of monthly visitors in May and June, at around 70 000 
visitors below the trend. In general, summer months (December, January and February) have the highest 
number of visitors with numbers decreasing as Autumn and Winter arrive. There is a small increase in 
monthly visitors in winter (to about 35 000 below the trend) in July, which may be due to visitors seeking 
involvement in winter sports such as skiing.

Holt-Winters additive prediction for Number
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 fi t upr lwr
Mar 2014 259426.7 235594.7 283258.8
Apr 2014 205766.8 181934.2 229599.5
May 2014 158939.0 135105.0 182772.9
Jun 2014 163422.0 139585.9 187258.2
Jul 2014 199931.5 176092.0 223771.1
Aug 2014 187136.9 163292.6 210981.2
Sep 2014 196308.3 172457.6 220159.1
Oct 2014 210083.7 186224.6 233942.7
Nov 2014 244525.7 220656.1 268395.2
Dec 2014 361107.4 343225.0 390989.7
Jan 2015 281323.8 257426.0 305221.7
Feb 2015 291956.4 268040.3 315872.6
Mar 2015 266886.1 242901.2 290871.0
Apr 2015 213226.2 189216.5 237235.8
May 2015 166398.3 142360.4 190436.2
Jun 2015 170881.4 146811.5 194951.3
Jul 2015 207390.9 183284.9 231496.8
Aug 2015 194596.3 170450.0 218742.5
Sep 2015 203767.7 179576.7 227958.7
Oct 2015 211543.0 193302.6 241783.5
Nov 2015 251985.0 227690.2 276279.8
Dec 2015 374566.7 350212.5 398920.9
Jan 2016 288783.2 264364.3 313202.1
Feb 2016 299415.8 274926.7 323904.8

The reasonably consistent seasonal effects and non-cyclic nature of the trend for monthly visitor numbers to 
New Zealand mean that it is appropriate to apply the Holt-Winters additive prediction model. Visually the 
fi t of the prediction model to the data is reasonable but there are a few instances in which the predicted 
numbers of monthly visitors and the actual numbers of monthly visitors differ signifi cantly. In particular, raw 
2014 monthly visitor numbers are signifi cantly above the predicted monthly visitor numbers. As the Holt-
Winters model places greater weight on recent data values, this could make predictions less reliable. 

The Holt-Winters model predicts that visitor numbers in December 2014 will be around 361 000, with a 
prediction interval of 343 000 to 391 000. Because of the width of the prediction interval (48 000 visitors) 
and the proximity of the month to the fi nal raw data value (February 2014) this prediction is likely to be 
reasonably reliable.

In order to further check the reliability of predictions the fi nal year of monthly visitor numbers was removed 
and the following ‘predictions’ resulted.

Holt-Winters additive prediction for Number
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 fi t upr lwr
Mar 2013 252044.5 228704.5 275384.4
Apr 2013 197983.6 174643.7 221323.5
May 2013 151173.2 127833.2 174513.1
Jun 2013 155405.3 132065.4 178745.2
Jul 2013 192151.0 168811.0 215490.9
Aug 2013 177913.1 154573.1 201253.0
Sep 2013 186687.8 163347.9 210027.8
Oct 2013 200997.2 177657.3 224337.1
Nov 2013 234332.3 210992.4 257672.2
Dec 2013 356035.1 332695.1 379375.0
Jan 2014 270487.6 247147.7 293827.6
Feb 2014 281145.4 257805.5 304485.4
Mar 2014 256084.8 232740.9 279428.8
Apr 2014 202024.0 178680.0 225368.0
May 2014 155213.6 131869.6 178557.5
Jun 2014 159445.7 136101.7 182789.7
Jul 2014 196191.4 172847.4 219535.3
Aug 2014 181953.5 158609.5 205297.5
Sep 2014 190728.2 167384.2 214072.2
Oct 2014 205037.6 181693.6 228381.6
Nov 2014 238372.7 215028.7 261716.7
Dec 2014 360075.5 336731.5 383419.5
Jan 2015 274528.0 251184.1 297872.0
Feb 2015 285185.8 261841.8 308529.8

The Holt-Winters model appears to be a reasonable fi t to the raw data over the last few years (apart from 
various erratic components especially in late 2011), so it would be expected to be a reasonably reliable 
prediction model. Comparing predicted values with actual values for the period from March 2013 to 
February 2014, it is interesting to note that actual monthly visitor numbers lie within the prediction 
intervals for all months except December 2013 (actual value 381 892 which does not fall in the prediction 
interval 332 695 – 379 375). Predictions of monthly visitor numbers to New Zealand can always be made 
invalid by unpredictable contextual changes such as poor weather conditions, extreme events such as 
earthquakes and economic downturns.

Tourism provides an income to many in New Zealand, so predictions of monthly visitor numbers to New 
Zealand are important to governmental tourism and resource planning departments, tourism operators 
and their associated advertising companies, airline companies, accommodation owner/operators, leisure 
activity operators, etc. The increasing trend of monthly visitor numbers needs to be managed according to 
seasonal constraints, which are the main component of variation in numbers. It is easier to manage visitor 
numbers when the seasonal component is less marked (so regular fl ights can be established, and there are 
consistent numbers using leisure activities and accommodation) so tourism planners may well need to focus 
on enhancing visitor numbers in winter.
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Time series data

  Question One
Greenhouse gases in the Earth’s atmosphere absorb infrared radiation from both the Sun and the Earth, and 
re-radiate it. The more of these gases that exist, the more heat is returned to the Earth instead of escaping 
into space and, consequently, the more the Earth heats. This increase in heat is called the greenhouse 
effect. Common examples of greenhouse gases are water vapour, carbon dioxide, methane, nitrous oxide, 
ozone, and fl uorocarbons.

a. Greenhouse gases are emitted when we make or use energy. In New Zealand, major sources of 
greenhouse gases are transport, and the energy production, manufacturing and construction industries. 
Figure 1 below shows the equivalent amounts of carbon dioxide (a measure of the greenhouse effect), 
measured in millions of tonnes, emitted annually from each of these sources, for the years 1990–2012.

Figure 1
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Greenhouse gas emissions from energy use in New Zealand
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Ans. p. 117
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Time series data

 Question One
a.  Of the three sources in the graph, Transport has the highest 

levels of CO2 emissions. From 1990 to 2004 there was 
an increasing trend in CO2 emissions rising from around 
8.5 million tonnes to around 13.5 million tonnes, followed
by a reasonably constant emission level of around
13.5–14 million tonnes from 2004 to 2012.

  For Manufacturing industries and construction the levels of 
CO2 emissions are generally the lowest and the long-term 
trend is more or less a constant one, although with some 
fl uctuations. In 1990 CO2 emissions from Manufacturing 
industries and construction were around 4.8 million tonnes. 
Levels then rose reasonably steadily to a peak in 2002 of 
7 million tonnes CO2, representing an average annual 
increase of around 0.18 million tonnes CO2 over the 12-year 
period. There was a rapid decline in levels between 2002 
and 2005 when levels dropped to around 5 million tonnes 
CO2. Since 1995, levels of CO2 emission have been relatively 
constant between 5 and 5.5 million tonnes.

  The long-term trend for CO2 emissions from Energy 
industries is a slightly increasing one, with many fl uctuations. 
In 1990 CO2 emissions from Energy industries were 
6 million tonnes. Levels rose sharply in 1991–1992 to a 
peak of 7.5 million tonnes CO2, before falling to a low of 
5 million tonnes CO2 in 1995. Between 1995 and 2006 there 
was a long-term increasing trend (from 5 to 10.2 million 
tonnes CO2) but with many fl uctuations about the trend, with 
peaks in odd years alternating with downward spikes in even 
years. Since 2006 the trend has generally been a decreasing 
one, aside from a spike of 9.5 million tonnes CO2 in 2008, 
with another spike of around 7.5 million tonnes CO2 in 2012.

  Relative to CO2 emissions from Transport: in 1990 
Manufacturing industries and construction produced about 
half and Energy produced about two thirds of this level of CO2 
emissions. By 2012 Manufacturing industries and construction 
were producing only one third and Energy about half of the 
2012 CO2 emissions that Transport was producing.

b. i.  It would have been easier to compare total greenhouse 
gas emission and methane gas emission for each country 
if two side-by-side bars had been drawn for each country, 
using two different colours – one colour showing 
greenhouse gas emission and the other colour showing 
methane gas emission. Alternatively, a scatter plot could 
be drawn, showing methane and total greenhouse 
emsissions for each country, so that it can easily be seen 
if a country was high/low in one or both sources of gas.

 ii.  Total greenhouse gas emission for Australia in 2012 was

   24 × 22.7 million tonnes = 544.8 million tonnes

   Total greenhouse gas emission for New Zealand in 2012 
was

p. 10

   17 × 4.4 million tonnes = 74.8 million tonnes

   So Australia emits over 7 times as much greenhouse gas 
in total as New Zealand does.

   Total methane gas emission for Australia in 2012 was

   4.9 × 22.7 million tonnes = 111.23 million tonnes

   Total methane gas emission for New Zealand in 2012 
was

   6.5 × 4.4 million tonnes = 28.6 million tonnes

   So Australia emits nearly 4 times as much methane gas in 
total as New Zealand does.

c. i.  The seasonal component is one of troughs in CO2 levels 
at the end of summer and peaks in CO2 levels at the 
end of winter, of size approximately ±0.4 ppm about 
the trend line. The CO2 in the atmosphere is reasonably 
constant in spring and summer then increases rapidly 
over the autumn and winter.

 ii.  The trend line shows an overall increase in CO2 levels 
from around 364.5 ppm in 1999 to around 375 ppm in 
2005, an average increase of around

   375 – 365
2005 – 1999

 = 1.667 ppm/year

   To reach a CO2 level of 560 ppm (double 280 ppm) 
would require on average

   560 – 375
1.667

 

= 111 more years

   However, following a signifi cant increase in CO2 levels 
from 2002 to 2003, the trend line for the years 2002–
2005 has had a steeper slope, so that CO2 levels are 
increasing at an average of 

   375 – 368
2005 – 2002

 = 2.333 ppm/year

   This would mean that to reach a CO2 level of 560 ppm 
would take

   560 – 375
2.333

 

= 79 more years

   So the estimated time is 80–110 years before carbon 
dioxide levels reach 560 ppm.

   This interval is unlikely to be correct since education and 
awareness of global warming is increasing and with time 
it is likely that annual rates of CO2 emissions will drop in 
response, thus delaying the time it takes for CO2 levels to 
double from pre-industrial times.

 Question Two
a.  Temperatures vary a lot throughout New Zealand. Because 

of this it would be important to identify seven locations 
which are situated in a variety of locations throughout New 
Zealand, e.g. North Island/South Island; mountain/plain; 
inland/coastal areas; urban/rural. In that way all types of 
temperature scenarios can be included in the calculation of 
the mean temperature, and bias is avoided.
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b. 1.  In New Zealand, in the 60 years prior to 1970, only 9 
of the years had a mean temperature higher than the 
mean temperature for New Zealand from 1971–2000. 
However, from 1970–2010, 26 out of the 41 years 
(nearly 65%) of the years have had a mean temperature 
higher than the mean temperature for New Zealand from 
1971–2000.

 2.  Overall, in New Zealand in the hundred years from 1910 
to 2010, temperatures are rising by 0.67–1.25 °C per 
century, with an average rise of 0.96 °C per century.

 3.  In the Antarctic region from 1900 to 1970, only 16 years 
(23%) had a mean temperature higher than the mean 
Antarctic temperature from 1951 to 1980, whereas in 
the years after 1970 only 8 years (23%) had a mean 
temperature cooler than the mean Antarctic temperature 
from 1951 to 1980.

 4.  Globally from 1880 to 1970 fewer than 10 years (11%) 
were warmer than the mean global temperature from 
1951 to 1980, whereas in the years after 1970 only 
around 3 years (7%) were cooler than the mean global 
temperature from 1951 to 1980, with every year after 
1980 being warmer than the mean global temperature 
from 1951 to 1980.

 5.  The difference between mean annual temperature (MAT) 
and the mean annual temperature for 1951 to 1980 
is increasing more rapidly for Antarctic temperatures 
than for global temperatures (gradient for Antarctica is 
1.93 points per year compared with 0.575 points per 
year for Global).

c.  The variability in the differences between annual Antarctic 
mean temperatures and the 1951–1980 mean Antarctic 
temperatures is high before 1960 (with differences ranging 
from around –340 to 120 units), which indicates that 
recorded Antarctic temperatures fl uctuated a lot before 1960, 
so that the differences are much more variable. Positive 
differences, indicating that a year was warmer than the 
average (which occurred in around 18% of the years before 
1960) were much less frequent than negative differences.

  By contrast, from 1960 to 2010 there is much less 
variability in the differences between annual Antarctic 
mean temperatures and the 1951–1980 mean Antarctic 
temperature (with differences ranging between around –100 
to 120 units), making the seasonal variability around the 
trend line about half of what it was before 1960. Negative 
differences, meaning that a year was colder than average 
(which occurred in around 20% of the years since 1960) were 
much less frequent than positive differences.

  Prior to 1960, the recordings of Antarctic temperatures were 
likely to have been done manually using data from widely 
scattered land-based temperature stations whereas the more 
recent temperature records would have been made using 
satellite date using averages over a wider area, which would 
smooth out the variability.

 Question Three
a.   The Auckland Region monthly median house price had an 

upwards trend over the fi ve years from March 2010 to March 
2015, with actual monthly median houses price increasing 
by approximately $200 000 over the period (from around 
$475 000 in March 2010 to around $675 000 in March 
2015) representing an overall average increase of $3 300 
per month. The rate of increase in monthly median house 
prices was not uniform over the entire period: the median 
house price increased by about $25 000 over the two-year 
period from March 2010 to March 2012 (an average increase 
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of $1 040 per month) compared with an increase in the 
median price of around $175 000 over the three-year period 
from March 2012 to March 2015 (an average increase of 
around $4 900 per month). Median prices appear to peak in 
the summer months and trough in the winter months. The 
actual median prices fl uctuated between 2010 and 2014 with 
small fl uctuations of approximately $25 000 between 2010 
and 2012, with the fl uctuations increasing to approximately 
$50 000 between 2012 and 2014

  Over the fi ve-year period the trend for monthly house sales 
volumes in the Auckland region increased from around 2 000 
houses in March 2010 to around 2 500 houses in March 
2015, an overall increase of around 500 houses. The trend 
in the monthly sales volume fl uctuated over this period with 
a minimum of around 1 600 houses (in the fi rst quarter of 
2011) to a maximum of around 2 600 houses (in the last 
quarter of 2013).

  Actual monthly sales volumes in the region fl uctuated with 
a lowest volume of around 1100 houses in the fi rst quarter 
of 2011 and a peak of around 3 400 houses in the second 
quarter of 2013. Monthly sales volumes peaked in March/
April after a trough in January/February. The fl uctuations in 
actual sales volumes were fairly constant over the period 
(+/– 1 500 houses)

b.  Over the period February 2014 to February 2015, change in 
median house prices were:

  North Shore: increase of 875 000 – 744 000 = $131 000 (an 
increase of 17.6%)

  Waitakere: increase of 620 000 – 530 000 = $90 000 (an 
increase of 17.0%)

  Manukau: increase of 630 000 – 575 000 = $55 000 (an 
increase of 9.6%)

  Over the year, North Shore and Waitakere cities had similar 
percentage increases in median house price, with Manukau’s 
percentage increase just over half that of the other two cities.

  Over the period February 2014 to February 2015, change in 
sales volumes were:

  North Shore: increase of 392 – 378 = 14 (an increase of 3.7%)

  Waitakere: increase of 342 – 293 = 49 (an increase of 16.7%)

 Manukau: increase of 467 – 440 = 27 (an increase of 6.1%)

  Over the year, Manukau City had a percentage increase in 
sales volumes 65% higher than that of North Shore City, 
with Waitakere sales volumes 2.7 times larger than that of 
Manukau. With the roughly 17% increases in both median 
price and sales volumes, Waitakere appears to be a ‘hot’ real 
estate area during this period.

  Over the period February 2014 to February 2015, change in 
estimated total sales values were:

  North Shore: increase of (392 × $875 000) – (378 × 
$744 000) = $61 768 000 (an increase of 22.0%)

  Waitakere: increase of (342 × $620 000) – (293 × $530 000) 
= $56 750 000 (an increase of 36.5%)

  Manukau: increase of (467 × $630 000) – (440 × 575 000) = 
$41 210 000 (an increase of 16.3%)

  Over the year, the percentage increase in estimated total sales 
volumes was highest for Waitakere, which would be expected 
as it had a markedly bigger percentage increase in sales 
volumes coupled with a high percentage increase in median 
price.

  By contrast, Manukau’s percentage increase in estimated total 
sales volumes over this period was lowest, despite having 
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