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Recently completed is a piece of work exploring trends in the skill of weather prediction at lead times of 1 to 14 days for Melbourne, 
Australia (Stern and Davidson, 2015). Grams et al. note that “… traditional verification statistics severely penalize a precipitation 
system that may have been forecast with a small positional error or incorrect shape, with resultant low correlation coefficients, high 
root-mean-square errors (rmse), and poor values of categorical statistics (Ebert and McBride 2000; Baldwin and Wandishin 2002) 
…”. The same comment may be applied to the verification of predictions of other weather elements.  

The purpose of this presentation is two-fold. Firstly, the verification statistics documented by Stern and Davidson (2015) are updated. 
Secondly, the proposition discussed by Ebert and McBride (2000), Baldwin and Wandishin (2002) and Grams et al. (2006), in regard 
to how positional and timing errors in the prediction of synoptic scale systems extract a penalty, is explored utilising forecast 
verification data sets for minimum temperature, maximum temperature, amount of precipitation and probability of precipitation. By 
this means, the proposition is demonstrated to have validity in the context of predictions for a range of weather elements. The 
methodology employed to achieve this demonstration is to separate the inter-diurnal component of the percent variance of the 
observations explained by forecasts, from the total percent variance explained.  

Regarding minimum temperature, an overall increase in accuracy is evident, for Day-1 predictions from 50% explained fifty years ago 
to 85%, now, for Day 2-4 predictions from 40% twenty years ago, to 75%, now, and for Day 5-7 predictions from 20% fifteen years 
ago, to 50%, the level displayed by the Day-1 predictions fifty years ago, now. It may be shown that in regard to the inter-diurnal (that 
is, day-to-day) minimum temperature fluctuations, small positional and timing errors in the forecasting of major synoptic systems do, 
indeed, extract a penalty on account of the resultant errors in the prediction of the day-to-day fluctuations. To illustrate, for Day-1 
predictions, the inter-diurnal component of the variance explained is less than 75%, whilst the total variance explained is greater than 
80% - not a great difference, but a difference, nevertheless.  For longer lead times, the proportional difference grows, for Day-5 
predictions, the respective components explained being 45% and 60%, whilst by Day-10, almost none of the inter-diurnal component 
of the variance is explained.  

Regarding maximum temperature, an overall increase in accuracy is evident, for Day-1 predictions from 50% explained fifty years 
ago to over 85%, now (with major errors occurring only rarely), for Day 2-4 predictions from 30% thirty years ago, to nearly 80%, now, 
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and for Day 5-7 predictions from 20% fifteen years ago, to 50% (which is the level displayed by the Day-1 predictions fifty years ago), 
now. Some skill, of a modest level (about 15%), is displayed by the Day 8-10 predictions. As for minimum temperature, it may be 
shown that small positional and timing errors in the forecasting of major synoptic systems extract a penalty on account of errors in 
the prediction of the day-to-day fluctuations. To illustrate, for Day-1 predictions, the inter-diurnal component of the variance explained 
is less than 80%, whilst the total variance explained is greater than 85% - once again, not a great difference, but a difference, 
nevertheless. For longer lead times, the proportional difference grows, for Day-5 predictions, the respective components being also 
50% and 65%. Also as for minimum temperature, by Day-10, almost none of the inter-diurnal component of the variance is explained.  

For amount of precipitation forecasts, an overall increase in accuracy is evident, albeit somewhat unsteady, with a peak shown during 
the very wet summer of 2010-2011 when some extreme events were well predicted. It may be shown that small positional and timing 
errors in the forecasting of major synoptic systems extract a far greater proportional penalty (than for temperature predictions) on 
account of errors in the prediction of the day-to-day fluctuations. To illustrate, for Day-1 predictions, the inter-diurnal component of 
the variance explained is about 50%, whilst the total variance explained is about 60%, a fairly great difference. For longer lead times, 
the proportional difference grows more rapidly (than for temperature predictions). By Day-5, only 5% of the inter-diurnal component 
of the variance is explained (reflected in the skill at predicting 'wet' days).  

Regarding probability of precipitation, improvement is evident for Day-1 and Day 2-4 predictions, but not for longer lead times. As for 
the amount of precipitation, it may be shown that small positional and timing errors in the forecasting of major synoptic systems 
extract a far greater proportional penalty (than for temperature predictions) on account of errors in the prediction of the day-to-day 
fluctuations. To illustrate, for Day-1 predictions, the inter-diurnal component of the variance explained is about 40%, whilst the total 
variance explained is about 55%, a fairly great difference. For longer lead times, the proportional difference also grows more rapidly 
(than for temperature predictions), by Day-5, only about 10% of the inter-diurnal component of the variance is explained.   

To conclude, it is shown how one may quantify the extent to which positional and timing errors in the prediction of synoptic scale 
systems extract a penalty when traditional approaches to the verification of weather forecasts are applied. The penalty is shown to 
be proportionally greater for precipitation predictions than for temperature predictions. This may be due to the fact that whilst most 
day-to-day changes in temperature are gradual, not withstanding the impact of the occasional sharp changes associated with the 
passage of cold fronts, most significant precipitation events are over within a day or two. The relevance of the two different approaches 
to forecast verification, total variance and inter-diurnal variance, depends upon the needs of the client. The inter-diurnal approach is 
more relevant to those planning for a particular activity on a certain day, for example, a wedding or a sporting event. The total 
approach is more relevant to those planning for activities that stretch across a longer period, for example, hay making or an extended 
holiday. 
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In another paper also submitted for presentation to a conference at the 2017 AMS Annual Meeting (28th Conference on Weather 
Analysis and Forecasting / 24th Conference on Numerical Weather Prediction), "Quantifying How Positional and Timing Errors in the 
Prediction of Synoptic Scale Systems Extract a Penalty When Verifying Weather Forecasts", the author briefly touches upon trends 
in the accuracy of day-to-day weather forecasts for Melbourne, Australia, out to the end of Week-2.  

For the purpose of the current paper, the accuracy of predictions for Melbourne of four weather elements are considered in detail, 
this time out to the end of Week 4. The four elements considered are minimum temperature, maximum temperature, probability of 
precipitation and amount of precipitation.   

The accuracy of official seasonal climate outlooks for Australia is also considered.  

The accuracy of the predictions of the four weather elements, especially for lead times out to Day-7, has increased substantially over 
the years.  

To illustrate, the frequency of major Day-1 maximum temperature forecast errors (greater than 5 deg C) is shown to have fallen from 
about 30 per year during the 1960s and 1970s to fewer than 5 per year now. The percent variance in the observations explained by 
these Day-1 forecasts has increased from around 50% during the 1960s and 1970s to between 80% and 90% more recently. Day 5-
7 maximum temperature forecasts explained just 25% of the variance some 15 years ago, but now explain approximately 50% of the 
variance.   

Amount of precipitation forecasts have also increased in accuracy. Day-1 amount of precipitation forecasts, having explained just 
30% of the variance some 15 years ago, now explain  about 60% of the variance.    

The day-to-day weather forecasts for Melbourne out to the end of Week-4 are weather forecasts that have been generated by an 
algorithm that interprets the output of the ECMWF Ensemble Control Model. It is found that little skill is evident for day-to-day 
predictions of weather with lead times beyond Day-14.  
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The analysis is then further extended to review the accuracy of official seasonal climate outlooks for Australia that are issued by the 
Bureau of Meteorology. Regarding the accuracy of these seasonal climate outlooks, three elements are considered - precipitation, 
and overnight and daytime temperature. In each case, some skill is evident, although that level of skill varies from State to State and 
with time of the year.  

To illustrate, the precipitation outlook, which has been issued officially since the late 1980s, displays greater skill in the second half 
of the calendar year than in the first half and also displays slightly greater skill in areas covering the tropics than in more southern 
regions. 
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In their book, "The Law of Research" (Editors: John Dawson and Nicola Peart; University of Otago Press, 2003), there is a Chapter 
that is most relevant to the subject of this Symposium.  
 
The Chapter, "The Treaty of Waitangi and Research", by Bevan Tipene-Matua and John Dawson, beautifully covers the matter of 
respecting Indigenous people's cultural and intellectual property rights.  

Tipene-Matua and Dawson describe the Treaty of Waitangi as an agreement "between Maori and the British concerning the future 
of New Zealand as it entered the British Empire".  

Specifically with regard to research, Tipene-Matua and Dawson note that the Treaty's "general terms suggest that it is legitimate for 
laws to be enacted to regulate research in the national interest, but Maori should, in turn, participate fully in the allocation and use of 
research funds, the state should actively promote research by and for Maori, and Maori should control research within their 
communities and with their resources".   

Whilst the focus of the aforementioned work largely is on the situation in New Zealand, the concerns raised therein about the 
misappropriation of Indigenous people's traditional knowledge, and its commentary about how such concerns might be addressed  - 
for example, via the adoption of codes of conduct "that ensure Maori consent when collecting and using Indigenous information" 
- have a much wider application.  

After all, many authors around the globe (such as Lehman et al., in a paper presented to the 2004 Annual Meeting of the AMS) 
have raised "the importance of ethical issues, in the context that past scientific studies have often not sought permission from the 
original Indigenous owners for the use of cultural heritage".  

The work of Bevan Tipene-Matua and John Dawson provides a way forward.  
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Australian Bureau of Meteorology day-to-day weather forecasts are presented in a format that comprises an extended worded 
description of the expected weather, a brief précis which summarises that description, estimates of the anticipated minimum 
temperature, maximum temperature, probability of precipitation, and amount of precipitation (the latter expressed as a range - for 
example, 5 - 10 mm, unless no precipitation is considered possible, in which case, 0 mm.  

Using an Aug-05 to Jul-16 data base of official précis forecasts for Melbourne, and a Sep-11 to Jul-16 data base of official estimates 
of the anticipated probability and amount of precipitation, statistical relationships are established between the words and numbers 
contained in the official forecasts and what eventuates in terms of the likelihood and amount of precipitation. 

The image on the left hand side illustrates the multiple linear relationship between the words used, and what eventuated in terms of 
the amount of precipitation (expressed as the square root of the precipitation amount).  

The first column lists the words, placed in order of the corresponding t statistic. It may be seen that the most positively related words 
(in order) are RAIN, SHOWER, SHOWER, HEAVY and THUNDER. The most negatively related words (in order) are LITTLE, FEW, 
CHANCE, CLEARING and LATE.  

The second column lists the probabilities that the sign of the corresponding t statistic (whether the sign was positive or negative) was 
not of the direction indicated. These probabilities are rounded to three decimal places, and those significant at the 1% level or better 
(most of them) are highlighted with a reddish-pink colour. The third column lists the corresponding regression coefficients. 

The relationship between what eventuated in terms of the amount of precipitation and what was suggested by the LOWER 
and UPPER official estimates and the WORDS is: AMOUNT = -0.024 + 0.220*LOWER + 0.459*UPPER + 0.262*WORDS 

The image on the right hand side illustrates the multiple linear relationship between the words used, and what eventuated in terms of 
the likelihood of precipitation.  
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The first column lists the words, placed in order of the corresponding t statistic. It may be seen that the most positively related words 
(in order) are RAIN, SHOWER, SHOWER, DRIZZLE and THUNDER. The most negatively related words (in order) are LITTLE, 
CHANCE, CLEARING, LATE and FINE.  

The second column lists the probabilities that the sign of the corresponding t statistic (whether the sign was positive or negative) was 
not of the direction indicated. These probabilities are rounded to three decimal places, and those significant at the 1% level or better 
(most of them) are highlighted with a reddish-pink color. The third column lists the corresponding regression coefficients. 

The relationship between what eventuated in terms of the likelihood of precipitation and what was suggested by the OFFICIAL 
estimates and the WORDS is: LIKELIHOOD = -6.634 + 0.765*OFFICIAL + 0.437*WORDS 
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