
APPENDIX A COMPARISON OF 
CMIP3 AND CMIP5 CHANGES OVER 
AUSTRALIA

A.1  INTRODUCTION

This Appendix compares projected changes based on CMIP5 
with those based on CMIP3, as used for Climate Change 
in Australia (CSIRO and BOM, 2007). In 2007, the range of 
change in each variable was presented in a probabilistic 
form, with the change at each location, for a given scenario 
and time in the future, being represented as a probability 
density function (PDF). The method used relies on the 
pattern scaling approximation, as described in section 6.2, 
with further details given by Watterson (2008). In order 
to derive comparable results the method is applied again 
using CMIP5 data. The range in the PDFs allows for both 
the uncertainty in the global warming and in the local 
response to it (or ‘change per degree’), with both factors 
based on the ensemble of models. For CMIP3, 23 models 
were used, while suitable data are available from up to 
40 CMIP5 models (Section 3.3.1). For some variables, the 
local response factors were derived from fewer models, as 
noted below. The model change per degree data are fi rst 
interpolated to a common one-degree grid of points at 
which the local changes are calculated.

The scaling approximation is very helpful for this 
comparison, as results can be presented for the same 
standard case as considered in the earlier sections. This was 
for the change in 2080-2099 relative to 1986-2005 under 
the RCP8.5 scenario, for which the best (or median) estimate 
of global warming is 3.7 °C. Given that the mean global 
sensitivity of the CMIP3 models is very similar to that of 
CMIP5 (see section 3.6), scaling the 2007 PDFs to this same 
median global warming gives an indication of projections 
based on CMIP3 model responses for this case. The 2007 
projections focused on the SRES A1B scenario, and the time 
2070, when the median global warming was 2.1 °C. Only the 
A1FI scenario produced a warming as large as 3.7 °C within 
the 21st century (consistent with Figure 3.2.2).

Results are presented here for six surface variables that are 
important to climate impacts. The focus is on the Australian 
maps of annual changes for three percentiles, the median, 
denoted P50, and the P10 and P90 values representing 
the upper and lower values across the likely range. Some 
seasonal results from CMIP5 are shown in the sections 
for each variable in chapter 7, and brief comparisons are 
made. Note that the P10 to P90 ranges are larger than they 
would be for a specifi c global warming of 3.7 °C because 
the uncertainty in global sensitivity is also included. As 
noted in Section 3.6, the uncertainty in global warming, 
relative to the mean, is similar in the two ensembles. Thus 
we can attribute the diff erences in the fi nal PDFs from 
CMIP3 and CMIP5 largely to the local response factors. The 
relative comparisons may hold also for the change around 
2030, from both the 2007 and new projections, given 
that the global warming in 2030 for the various scenarios 

is approximately 0.8 to 1 °C. However, details may diff er, 
particularly for changes (shown earlier) that are based 
directly on the CMIP5 simulations. Changes forced by 
aerosols and ozone are not well represented in these scaled 
results.

A.2  TEMPERATURE

The P10, P50 and P90 results for the annual temperature 
case from both CMIP3 and CMIP5 are shown in Fig. A.1. The 
percentile values are similar in CMIP3 and CMIP5, although 
the north-west is notably less warm in CMIP5. Averaged 
over Australia the best estimate of the warming from CMIP5 
is 4.2 °C, 0.2 °C smaller than in CMIP3, in this case. Changes 
for the four seasonal cases in CMIP3 are also similar to 
those for CMIP5 shown in Section 7.1. 

FIGURE A.1: CHANGES IN TEMPERATURE (IN °C) FOR THE 
ANNUAL, STANDARD CASE, FROM CMIP3 (LEFT) AND CMIP5 
(RIGHT). THE MIDDLE PANELS (B, E) ARE THE MEDIAN RESULT. 
THE TOP PANELS (A, D) ARE THE 10TH PERCENTILE RESULT AND 
BOTTOM PANELS (C, F) ARE THE 90TH PERCENTILE RESULT.

In both ensembles, there is a consistent increase in warming 
from the coast to the interior. This is partly a result of the 
maritime infl uence along the coast, as the warming for 
model ocean points is slower. In these results, and also 
for rainfall, only data from model land points are used. In 
the CMIP5 calculations for temperature, precipitation and 
land surface variables, values are extrapolated across each 
model coastline to ensure that the full ensemble of models 
is used at each (actual) land grid point shown. 
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A.3  RAINFALL

The PDFs for rainfall (precipitation) at each point have been 
calculated using the same method as for CMIP3, using local 
responses expressed as percentages of the model base 
climate. Following Watterson (2008), for positive local 
responses, the global warming factor (centred on 3.7 °C 
in the standard case) is combined in the usual linear way. 
However, negative responses are applied in a compounding 
way, which prevents the net change exceeding an 
unrealistic −100 %. The changes for the annual case are 
shown in Figure A.2. Decreases occur for much of the 
continent in the P50 result, but there is little change in part 
of the north and also in NSW in the CMIP5 case. In fact, the 
all-Australia average is now −4.5 %, compared to −11.8 % 
for CMIP3. Decreases remain large in the south-west. At all 
points, however, there is a wide range of change, with P90 
being positive, except in the far south-west. The percentiles 
from CMIP5 for changes in each season are shown in 
Section 7.2. Again, in CMIP5 there are fewer declines, with 
a slight increase for NSW now extending from summer into 
autumn.

A.4  SOLAR RADIATION

For both CMIP3 (20 models) and CMIP5 (38 models) the 
median estimate for annual solar radiation (downwards 
at surface) is for little change over Australia (Figure A.3), 
except for a small increase in the south, particularly 
Victoria. The changes range typically from −10 W m−2 to 10 
W m−2, with considerable regional variation. For CMIP5, the 
rise in radiation at P90 is smaller in the north-west than 
elsewhere, and a decrease is more likely there. Throughout 
the north a considerable decline is possible at P10. The 
positive median change in the south is consistent with a 
general decrease in cloudiness in mid-latitudes. However, 
the changes in cloud (not shown), like those in rainfall, 
diff er between models.

FIGURE A.2: CHANGES IN RAINFALL (IN %) FROM CMIP3 (LEFT) 
AND CMIP5 (RIGHT). THREE PERCENTILES OF THE LOCAL PDFS 
FOR CHANGE ARE SHOWN: (A, D) 10TH, (B, E) 50TH AND (C, F) 
90TH.

FIGURE A.3: CHANGES IN SOLAR RADIATION (IN W M−2) FROM 
CMIP3 (LEFT) AND CMIP5 (RIGHT) FOR THE STANDARD CASE. 
THREE PERCENTILES OF THE LOCAL PDFS FOR CHANGE, 
ANNUAL CASE, ARE SHOWN: (A, D) 10TH, (B, E) 50TH AND (C, F) 
90TH. THE ZERO LINE IS DRAWN.
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A.5  RELATIVE HUMIDITY

Changes in (near-surface) relative humidity also diff er 
much more across the percentiles than between CMIP3 (14 
models) and CMIP5 (29 models), as seen in Figure A.4. In 
both ensembles, the median change is for a small decline, 
around 2 to 3 % (of the saturation value), in humidity except 
over Tasmania and some mainland coasts. Over most of the 
regional ocean, there is some chance of a small increase, 
except to the south-east of Australia. In Climate Change 
in Australia (CSIRO and BOM, 2007), it was stated that 
humidity changes were broadly consistent with rainfall. In 
CMIP5 for P50, declines are more widespread in humidity 
than in rainfall, however. This diff erence may be associated 
with the representation of land surface characteristics. As 
in evident in the maps, changes over the ocean in relative 
humidity are smaller.

FIGURE A.4: CHANGES IN HUMIDITY (IN % OF SATURATION) 
FROM CMIP3 (LEFT) AND CMIP5 (RIGHT) FOR THE STANDARD 
CASE. THREE PERCENTILES OF THE LOCAL PDFS FOR CHANGE, 
ANNUAL CASE, ARE SHOWN: (A, D) 10TH, (B, E) 50TH AND (C, F) 
90TH. THE ZERO LINE IS DRAWN.

A.6  SURFACE WIND SPEED

Most models in CMIP5 have provided data for the true mean 
speed (at the 10 m height), averaged from speeds during 
the model simulation (which was not available from CMIP3). 
Changes calculated using the PDF method for the annual 
case are shown in Figure A.5, using change per degree data 
from 19 models. Note that the changes in speed have been 
converted to a percentage using the 1986-2005 multi-model 
mean. The range over the PDF is from substantial decreases 
to increases, over nearly all of Australia. The pattern of 
change for P50 is quite similar to the results presented in 
2007, despite those being calculated using speeds from 
monthly mean wind components. However, for P90 the 
changes over the surrounding ocean seem more moderate 
in CMIP5, and with fewer areas with an increase.

FIGURE A.5: CHANGES IN WIND SPEED (IN % OF THE BASE 
PERIOD MULTI-MODEL MEAN) FROM CMIP3 (LEFT) AND CMIP5 
(RIGHT) FOR THE STANDARD CASE. THREE PERCENTILES OF THE 
LOCAL PDFS FOR CHANGE, ANNUAL CASE, ARE SHOWN: (A, D) 
10TH, (B, E) 50TH AND (C, F) 90TH.
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A.7  POTENTIAL EVAPOTRANSPIRATION

The potential evapotranspiration’ has been evaluated for 
CMIP5 (using 22 models), similarly to CMIP3 (14 models) 
– see Section 7.6. The fi elds calculated using the scaling 
approach also very similar over Australian land (Figure A.6). 
All changes in the P10, P50 and P90 fi elds are increases. The 
mean P50 for the standard case is 11 % for each ensemble.

FIGURE A.6: CHANGES IN POTENTIAL EVAPOTRANSPIRATION 
(IN % OF THE BASE PERIOD MULTI-MODEL MEAN) FROM CMIP3 
(LEFT) AND CMIP5 (RIGHT) FOR THE STANDARD CASE. THREE 
PERCENTILES OF THE LOCAL PDFS FOR CHANGE, ANNUAL CASE, 
ARE SHOWN: (A, D) 10TH, (B, E) 50TH AND (C, F) 90TH.

A.8  SUMMARY

In conclusion, the comparisons show that for a scenario 
with a large global warming towards the end of the century, 
the pattern of simulated change in these six surface 
variables is generally similar in the CMIP3 and CMIP5 
ensembles. This applies to both the median estimate of 
change and to the range of changes, as estimated using 
the pattern scaling approach. However, there are some 
diff erences, attributable to small diff erences in local 
response to global warming. Scaled to the standard case, 
with a median estimate for global warming of 3.7 °C, the 
mean warming over Australia is typically 5 % less in CMIP5. 
The reduction is consistent with a less negative rainfall 
change in the median change fi eld for CMIP5, although 
the P50 rainfall change remains near-zero in the north. 
Humidity and solar radiation decrease slightly in the south 
in both ensembles. The best estimate for wind speed is 
still for little change. However, all these variables still have 
a considerable range of change as depicted in the 10th 
and 90th percentile fi elds. At many locations, the range 
spans both signs, except for temperature and potential 
evaporatranspiration.
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