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1 Abstract

In a statistical re-analysis of the data from the Drought Exceptional Circum-
stances Report, all climate models failed standard internal validation tests
for regional droughted area in Australia over the last century. The most
worrying failure was that simulations showed increases in droughted area
over the last century in all regions, while the observed trends in drought
decreased in five of the seven regions identified in the CSIRO/Bureau of
Meteorology report. Therefore there is no credible basis for the claims of
increasing frequency of Exceptional Circumstances declarations made in the
report. These results are consistent with other studies finding lack of ad-
equate validation in global warming effects modeling, and lack of skill of
climate models at the regional scale.

2 Preamble

The Drought Exceptional Circumstances report (DEC) was commissioned
by the Australian Government Ministry for Agriculture and Fisheries and
performed by the Centre for Australian Weather and Climate Research
(CAWCR), to inform future drought exceptional circumstances (EC) pol-
icy in Australia.[1] A press release from the client department released on
6 July 2008 began ”Australia could experience drought twice as often and
the events will be twice as severe within 20 to 30 years, according to a new
Bureau of Meteorology and CSIRO report”.[2] Initially concerned with the
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lack of statistical significance testing in the report, I requested the data to
test the significance of their findings. When the data was not immediately
forthcoming, a number of bloggers took up the story.[3, 4, 5] We would like
to think this attention played a part in the subsequent release of the data
facilitating this investigation.

Here I examine support for these claims from the DEC report:

If rainfall were the sole trigger for EC declarations, then the mean
projections for 2010-2040 indicate that more declarations would
be likely, and over larger areas, in the SW, SWWA and Vic&Tas
regions, with little detectable change in the other regions (Claim
1). Under the high scenario, EC declarations would likely be
triggered about twice as often and over twice the area in all
regions. In SWWA the frequency and areas covered would likely
be even greater (Claim 2).

3 Method

The DEC report projected the frequency and severity of areal extent of ex-
ceptionally low rainfall (droughts) due to global warming to 2040 in seven
Australian regions (see report for details [1]). The projections used thir-
teen global climate models (GCMs) simulating temperature and rainfall
and an additional soil moisture level model. These three variables were
post-processed for the incidence of droughts during this period. The critical
threshold value for drought was defined as the 5th percentile for rainfall and
soil moisture, based on all years of available data. This report only examines
the rainfall variable because low rainfall is a critical to the EC definition of
drought.

Predictive studies are a two-step process: 1) determine the skill of the
model in simulating the variable of interest, and 2) extrapolate the model, in
this case into the future. It is a widespread and accepted scientific practise
to establish the validity of a model using observations prior to application.
Poor validation results block further use of the model. Here validation tests
are performed on the thirteen models over the period 1900 to 2007 for each
of the seven Australian regions.

The validation statistics were:
1. Trend: Significance of the difference between the observed trend

(trend-o) and the simulated mean trend (mean-trend-e) in area under drought,
shown as a probability of the null hypothesis (p), calculated as a t-test (t-
test) with standard deviation of the simulated trends (sd-trend-e).
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2. Correlation: The coefficient of determination (r2), the fraction of
variation explained by the model and the probability of false rejection of the
null hypothesis of no correlation (corr-sig).

3. Efficiency: The Nash-Sutcliffe coefficient of efficiency (ns-eff), where
an efficiency of one is exact prediction, zero is as good as the mean, and
negative values indicate less accuracy than the mean.[6]

4. Return Period: The probability of significance of the difference be-
tween the observed and mean projected for the return period (returnp-p),
the mean time between successive droughts at the given level.

The data was extracted from the calendar year lower 5% rainfall file
http://www.bom.gov.au/climate/droughtec/rain.5pc.tar, and the pro-
jected lower 5% file http://www.bom.gov.au/climate/droughtec/rain.
proj.5pc.tar.[7] The analysis was performed using the R language and is
available at the authors website.[8]

4 Results

The mean, standard deviation and t-tests for trends are recorded in Table
1, and the statistical results for each region are recorded in Tables 2-8. The
results were as follows.

1. The mean trend for droughted area differ significantly from the ob-
served trend in every region except Vic&Tas. While drought area decreased
in the last century in all regions of Australia except for Vic&Tas and SW-
WA, the models simulated increase in droughted area in all regions. The
Vic&Tas region has very low observed trend (+1% per year) in droughted
area. This means the climate models are significantly biased in the opposite
direction to observed drought trends.

2. In almost all cases, the correlation coefficient between simulated and
observed values was very low, and not significant. The models on average
explained less than 1% of the observed variation in area of exceptionally low
rainfall.

3. In all cases the efficiency was negative. This indicates that the climate
models simulate drought area worse than the mean.

4. In almost all cases the difference between the means of the return
periods was significant. This indicates the frequency of droughts in the
models has no relationship to the actual frequency of droughts. The models
miroch-h and ncar-ccsm were exceptions in some regions.

Except in the few cases noted above, the model simulations have no
resemblance to patterns of observed droughtedness in the last century. We
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conclude the models have failed internal validation and no further testing is
warranted.

Fig 1 illustrates the 30 year moving average of area of exceptionally low
rainfall observations (red) and average of 13 model results (black, with one
standard deviation dashed). The results are presented for each region, and
all regions combined.

5 Discussion

Due to general failure of climate models at simulating the statistical charac-
teristics regional droughted areas (internal validation), there is no basis for
belief in the claim (1) of increasing frequency of EC declarations.

With respect to claim 2, the report represented that they had performed
analysis under high global warming scenarios. In fact, they simply quoted
the upper 10% of model projections, not alternative warming scenarios (Sec-
tion 4.1).

Low, mean and high scenarios are given, where the mean is the
13-model average, and the low and high scenarios are the lowest
and highest 10% of the range of model results, respectively.

Irrespective of the lack of validity of the underlying climate projections,
there is no logical connection between the extreme values of models, and
simulations using different global warming scenarios. Claim 2 is therefore
both illogical and invalid.

No importance should be placed in the apparent skill of some models
at some statistics in some regions. For example, the climate model miroc h
from the Centre for Climate Research, Japan, shows good agreement with
observed return period in most regions. However, it has not been subjected
to more rigorous external validation, and has it performed poorly in other
tests including a novel pattern-matching approach used in a study including
three co-authors of DEC report.[9]

The lack of concordance of regional trends between models and obser-
vations is clearly seen in Fig 1, and is particularly apparent in the last half
century. The summary of all regions suggests that models show a general
tendency for increasing droughts, while observations show a tendency for
decreasing droughts.

We make the following suggestions:
1. Hennessey et al.: Studies of complex variables like droughts should

be conducted with statisticians to ensure the protocol meets the objectives
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of the study. A priori study designs might examine the level of aggregation
of data that would reduce noise and provide adequate power, and suitable
statistics and tests would be chosen to minimize bias.

2. Drought modeling: The percentage of droughted area appears to
be a ’bounded extreme value, peaks over threshold’ statistic. The distri-
bution resembles a Pareto (power) law, but due to the boundedness where
predicted extent of drought approaches 100% becomes more like a beta dis-
tribution (shown for SW-WA on Fig 2). Recasting the drought modeling
problem into known statistical methods might salvage some data from the
DEC report. Aggregating the percentage area under drought to the whole
of Australia might reduce the boundedness of the distribution, and might
also improve the efficiency of the models.

3. Policy makers: Regional effects studies using climate models should
be heavily discounted. Scientists across many disciplines have expressed
concern with the improper use of models in the environmental sciences.[10]
It is claimed that the modeling studies in the IPCC report showed gen-
eral ignorance of basic validation practices in climate science.[11] However,
validation practices are moot on exotic variables such as exceptionally low
rainfall when current climate models are not generally reliable.[12, 13] Pol-
icy making based on science should not be influenced by studies that appear
scientific but do not adhere to the generally accepted validation practices.
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7 Tables

trend-o mean-trend-e sd-trend-e t-test p
MDB −0.03 0.02 0.05 3.44 0.00
NSW −0.03 0.02 0.06 2.83 0.02

NWAust −0.03 0.00 0.04 2.86 0.01
Qld −0.10 0.02 0.05 7.50 0.00

SW-WA 0.05 0.07 0.04 2.30 0.04
SWAust −0.02 0.02 0.04 3.44 0.00
VicTas 0.01 0.03 0.06 1.03 0.32

Table 1: t-test of difference in mean of predicted trends to the observed
mean of droughted area

r2 corr-sig ns-eff returnp-p
cgcm-t47 0.00 0.78 −1.40 0.01
cgcm-t63 0.00 0.84 −0.97 0.03

csiro-mk3.0 0.00 0.62 −1.36 0.08
csiro-mk3.5 0.00 0.95 −1.16 0.11

giss-aom 0.02 0.20 −0.67 0.01
giss-er 0.02 0.17 −1.04 0.02

iap 0.01 0.33 −1.42 0.00
inmcm 0.00 0.96 −1.14 0.01

ipsl 0.01 0.25 −0.89 0.01
miroc-h 0.00 0.68 −1.47 0.23
miroc-m 0.00 0.76 −1.26 0.05

mri 0.01 0.45 −1.07 0.11
ncar-ccsm 0.01 0.24 −1.20 0.56

Table 2: Internal validation statistics for MDB
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r2 corr-sig ns-eff returnp-p
cgcm-t47 0.00 0.57 −2.20 0.01
cgcm-t63 0.00 0.75 −1.15 0.00

csiro-mk3.0 0.00 0.54 −1.53 0.01
csiro-mk3.5 0.00 0.58 −1.34 0.03

giss-aom 0.01 0.26 −1.12 0.01
giss-er 0.01 0.30 −1.25 0.00

iap 0.01 0.31 −1.65 0.00
inmcm 0.00 0.85 −1.61 0.00

ipsl 0.01 0.45 −1.17 0.00
miroc-h 0.01 0.44 −1.70 0.01
miroc-m 0.01 0.43 −1.11 0.01

mri 0.00 0.69 −1.24 0.01
ncar-ccsm 0.01 0.34 −1.67 0.01

Table 3: Internal validation statistics for NSW

r2 corr-sig ns-eff returnp-p
cgcm-t47 0.00 0.61 −1.28 0.00
cgcm-t63 0.04 0.05 −0.77 0.00

csiro-mk3.0 0.00 0.75 −1.61 0.00
csiro-mk3.5 0.02 0.16 −1.59 0.00

giss-aom 0.03 0.06 −1.77 0.01
giss-er 0.00 0.95 −1.75 0.00

iap 0.00 0.52 −1.91 0.00
inmcm 0.00 0.64 −2.01 0.00

ipsl 0.00 0.63 −2.16 0.00
miroc-h 0.01 0.37 −1.66 0.27
miroc-m 0.00 0.57 −2.26 0.00

mri 0.01 0.40 −1.94 0.00
ncar-ccsm 0.00 0.60 −0.59 0.45

Table 4: Internal validation statistics for NWAust
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r2 corr-sig ns-eff returnp-p
cgcm-t47 0.00 0.79 −1.05 0.01
cgcm-t63 0.01 0.39 −0.72 0.03

csiro-mk3.0 0.00 0.75 −1.01 0.01
csiro-mk3.5 0.00 0.63 −1.34 0.04

giss-aom 0.00 0.74 −2.03 0.01
giss-er 0.01 0.30 −1.11 0.00

iap 0.01 0.44 −1.25 0.00
inmcm 0.01 0.33 −1.38 0.00

ipsl 0.01 0.27 −1.72 0.00
miroc-h 0.00 0.67 −1.58 0.07
miroc-m 0.00 0.69 −1.39 0.00

mri 0.00 0.67 −0.95 0.01
ncar-ccsm 0.00 0.96 −0.68 0.39

Table 5: Internal validation statistics for Qld

r2 corr-sig ns-eff returnp-p
cgcm-t47 0.01 0.44 −2.09 0.08
cgcm-t63 0.01 0.37 −1.73 0.16

csiro-mk3.0 0.04 0.04 −0.78 0.08
csiro-mk3.5 0.01 0.35 −1.40 0.10

giss-aom 0.00 0.76 −1.72 0.03
giss-er 0.04 0.05 −1.21 0.08

iap 0.00 0.64 −1.00 0.35
inmcm 0.00 0.55 −1.40 0.10

ipsl 0.01 0.45 −1.10 0.03
miroc-h 0.00 0.83 −1.03 0.34
miroc-m 0.01 0.41 −2.11 0.18

mri 0.00 0.62 −0.80 0.69
ncar-ccsm 0.00 0.82 −1.25 0.15

Table 6: Internal validation statistics for SW-WA
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r2 corr-sig ns-eff returnp-p
cgcm-t47 0.01 0.37 −1.01 0.00
cgcm-t63 0.02 0.18 −1.30 0.00

csiro-mk3.0 0.00 0.64 −1.77 0.00
csiro-mk3.5 0.01 0.34 −2.00 0.00

giss-aom 0.00 0.97 −1.37 0.00
giss-er 0.01 0.46 −1.57 0.00

iap 0.01 0.34 −1.96 0.00
inmcm 0.04 0.04 −1.46 0.00

ipsl 0.00 0.71 −1.24 0.01
miroc-h 0.00 0.59 −1.10 0.47
miroc-m 0.00 0.65 −1.82 0.00

mri 0.01 0.45 −1.25 0.01
ncar-ccsm 0.00 0.70 −1.24 0.00

Table 7: Internal validation statistics for SWAust

r2 corr-sig ns-eff returnp-p
cgcm-t47 0.00 0.92 −1.03 0.01
cgcm-t63 0.01 0.29 −1.12 0.01

csiro-mk3.0 0.01 0.26 −1.15 0.00
csiro-mk3.5 0.00 0.53 −1.03 0.01

giss-aom 0.04 0.03 −0.57 0.01
giss-er 0.01 0.40 −1.50 0.01

iap 0.01 0.31 −0.73 0.02
inmcm 0.00 0.58 −1.41 0.02

ipsl 0.03 0.06 −0.69 0.00
miroc-h 0.02 0.15 −0.32 0.31
miroc-m 0.01 0.33 −1.54 0.01

mri 0.02 0.20 −1.11 0.10
ncar-ccsm 0.01 0.25 −0.75 0.15

Table 8: Internal validation statistics for VicTas
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8 Figures
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Figure 1: The 30 year moving average of area of exceptionally low rainfall
observations (red) and average of 13 model results (black, with one standard
deviation dashed). The results are presented for each region, and all regions
combined.
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Figure 2: Distribution of simulated (1900-2007 in blue) and projected (2008-
2040 in red) droughted areas in SW-WA.
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