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ERRORS 1IN FORECASTING MAXIMUM TEMPERATURE
AND DEW POINT FOR SOUTHEAST QUEENSLAND, 1956
WITH APPLICATION TO FIRE WEATHER CONDITIONS

by H.E. Whittingham

Divisional Office, Brisbane
(Manuscript received April 1957)

Abstracts The error distributions of
forecasts of maximum temperature and dew
point made in the fire season of 1956

for southeast Queensland stations are
examined and it is found that the fire
danger rating could be accurately foretold
on at least 85 per cent of occasions,

1, INTRODUCTION

During the 1956 fire season forecasts of maxinmum
temperature and dew point were made for 20 Forestry Stations
in southeast Queensland each day from Monday to Friday
inclusive, The forecasts were for the fire dangerous period
of the ensuing 24 hours, The Forestry Stations covered a
wide area from Rockhampton to Roma and south to the New
South Wales border, Altitudes of the stations ranged up
to 3000 feet, the range in latitude being 6 degrees,

Statistical tables of frequency of occurrence of
maximum temperature are now in course of preparation for
some of the stations but were not available during the fire
season, Radiosonde information was usually not available
until)after the forecasts had been issued (at 1500 to 1600
hours).

2,  GENERAL

Every available verifisble forecast was used for
as many stations as possible, in order to obtain a high
frequeney in each class interval. Some stations had to be
excluded because of manifestly incorrectly reading
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instruments, The record from other stations is broken
because of irregularity in reporting, and hence in
verification of the forecast elements, A few stations were
outstanding for their continuity of reporting, but staffing
and other difficulties affected reports from many stations,
Wherever possible manifest errors in reporting were excluded,
but in cases of doubt the figures were included,

(i) The Errors in Maximum*Temperature

The frequency dlstributlon of errors in maxnmnn
temperature forecasts is. presented in Table 1.

Table 1. Frequency distribution of
maximum temperature forecast errors

Error -17 =14 -11 -8 -5 =2 =1 2 5§ 8 11 1l 17 Total
°F 0 . to to to to to to to to to to to o .
4, =19 =16 =13 =10 =7 =L 41 4 7010 13 16 19

Month

Sept. _ 1 1 3 27 77 4O 12 3 164
Oct. , 2 13 49 78 42 4114 7 5 3 1 255
Nov. 2 0 8 16 45 51 56 421915 5 1 260
Dec., 1 12 15 25 9 121011 1 2 1 99

Total 2 0 12 42 112 181 184 135 55 36 11 6 2 778

The combined distribution for the whole fire
season was examined for normality and plotted on arithmetic
probability paper, The result is shown in Figure 1, The
curve is slightly leptokurtic and skew, The best fitting
normal curve is that having the same mean (-0,59F) and
standard deviation (5,18F) as the distribution to be fitted.
This appears as the straight line in Figure 1, drawn through
the intersections of : mean plus two standard deviations and
97. 7%, mean and 50%, mean minus two standard deviations and

2, 3%,

The departure from normal of the distribution is
brought out in Table 2 where the frequencies in the various
classes are compared with those of the corresponding best
fitting normal curve,

The data in Table 2 were subjected to the chi-
square test which indicated that the observed distribution
differed significantly from normsl. The main contribution:
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to chi-square came from the tail groups of the
distribution and the group of mid-class interval +6,

However, over the frequency range from 0,3 to
90% there is good agreement between the normal curve and
the actual curve (vide Figure 1). This suggests that
the best fitting normal curve could be approximated by
drawing a straight line by eye through the points of
Figure 1, disregarding the tails of the distribution.

Table 2, Observed and normal frequencies of errors
in maximum temperature forecasts

Mid-point of : Corresponding .

clas?F%?terval Observed frequency normal frequency
=21 (6] 0.1
-18 2 0,6
-15 0 . 308
-12 12 16,0
-9 L2 L8o L
-6 112 104.7
-3 181 161.7
0 184 - 178.5
3 135 140,7
6 55 80,2
9 36 32,5
12 11 9.4
15 6 1.9
18 2 0.3
21 0 0,0

(ii) Discussion of Maximum Temperature Errors

Some Forestry workers (Douglas, McArthur) in
other States have previously assessed forecasts on various
bases. Douglas (1956) used the criteria:-
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Good - within + LF of the correct value,
Satisfactory - Dbetween + 5-8F of the correct value,
and

Unsatisfactory - over + 8F from the correct value.

From a study of Table 2 it can be seen that of a
total of 778 forecast, 500 lay between + LF, 167 lay
between + 7F and the remainder exceededfi %, i.e. the

classification would be:-
Good - 6L4%

Satisfactory - in excess of 21% (using + 7F instead
of + 8F)

Unsatisfactory - under 15% (using +# 7F instead of
+ 8F),

It is interesting to compare these results with
those found by Douglas (1956) in his analysis of forecasts
prepared by Adelaide Bureau for Mt., Burr; these results
were -

Good - 62%
Satisfactory - 23%
Unsatisfactory - 15%

McArthur (1956) analysing Canberra forecasts
used the following criteria:-

Good -~ within + 6F
Satisfactory - between + 7-10F
Unsatisfactory - over + 1OF

It is not known, however, how large the samples
used by Douglas and McArthur were,

It is the contention of the writer that the
gbove limitations are unnecessarily restrictive,
considering the purpose for which the maximum temperature
" forecast is to be used, viz, the computation of a Fire

Danger Index, :
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Over wide areas of eastern Australia it is
‘customary to calculate the daily Fire Danger Rating on:a
scale devised by R.H. Luke, This scale will serve as an
illustration, The Luke Index is calculated from two
tables, The first, involving the wind speed and fuel
state, can contribute a maximum of 50 points towards the
Fire Danger Rating, The second table combines the
effects of temperature and relative humidity, and also
contributes a maximum of 50 points, The Fire Danger
Rating is obtained by adding together the two figures
derived from the tables, the maximum possible Index thus
being 100 points,

The Luke Index advances by increments of 5 points,

The Fire Danger Rating is graded according to the
following categories:-

Index (points) Category
0-15 Nil
20=35 : low
40=55 moderate
60-70 high
75-85 very high
90-100 extreme

The writer contends that a more natural method of
assessing forecasts would be on the basis of the effect of
an error in the forecast upon the derived Fire Danger
Index, From a study of Luke's second table it becomes
evident that an error of 7F or less cannot alter the index
by more than the minimum increment of 5 points. This,
then could serve as a criterion for satisfaction or non-
satisfaction, For instance, we could class all forecasts
within + 7F of the correct value as good, those greater
than + 7F as fair, whilst the underestimations exceeding -~
- 7F e¢ould be classed as bad, The reason underlying the
latter classification is that an underestimate of Fire
Danger is more undesirable than an overestimate as it may
lead to relaxation of precautionary measures,

On the suggested classification the forecasts
fall into the following categories:-
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Good - 86%
Fair - 7%
Bad =~ 7%

(iii) The Measurement and Forecasting of Relative
Humidity

Values of relative humidity at Forestry stations
in southeast Queensland are derived fram readings of
unaspirated dry and wet bulb thermometers situated in
Stevenson or Billham pattern screens by using the Bureau of
Meteorology humidity teble F,100,

The formulse derived by Pernter for the vapour
pressure are as follows:- :

e" = e' =k x 102 xp (t-t') (1 + t' = 32)
' ~1098

where e" the actual vapour pressure,

e! = the saturated vapour pressure at the
temperature of the wet bulb,

t+ = the dry bulb temperature,
t' = the wet bulb temperature,
p = the atmospheric pressure,

The value of k depends on the wind speed inside
the screen and ranges from 67 for calms to 36 for winds in
excess of 6 mph, For the range 1-6 mph the value of k is
taken as Ulj, and it is this value which is assumed in the
computation of the relative humidity table F,100, A
further assumption is that the atmospheric pressure is 29,7
inches at station level, The error in relative humidity
from the use of the relative humidity table is greatest with
high temperatures, low humidities and strong winds, i.e. in
the fire dangerous conditions in which we are most interested.

Moreover, Forestry stations read dry and wet bulb
thermometers to the nearest whole degree, Oie degree error
in temperature can cause a change of relative humidity vary-
ing from 13% at 25F to 1% at 110F.
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In view, therefore, of the manifold difficulties
encountered in measuring relative humidity with any degree
of accuracy, the choice of a + 5% limit of error by Douglas
and McArthur stands revealed as manifestly impracticable,
If we accept the relative humidity figures derived from
the table C.W.B. F,100 and the dew point figures from the
dew point table C.W.B, F,92, we can state relative
humidity as a function of temperature and dew point, Such
curves have been constructed by the writer, When, now,
we consider Douglas and McArthur'’s temperature and relative
humidity criteria together, we are faced with the fact that
they are mutually inconsistent, For example, at 90F an
error of LF in the temperature (which is acceptable to
Douglas and McArthur) will cause, for a constant dew point -
of 60F, an error of 6% in relative humidity, which is
unacceptable; and if we care to consider lower temperatures
the resultant error is even greater and, a fortiori, even
more unacceptable, reaching, for example, 10% for a
temperature of 60F and a dew point of 50F.

. The importance of this latter consideration
emerges when one considers how relative humidity is fore-
cast. Being temperature dependent, relative humidity can
be forecast if the temperature and another hygrometrical
parame€ter, such as vapour pressure, wet bulb or dew point,
be known or forecast.. In practice the dew point is
employed, On account of its quasi-conservative thermo-
dynamic properties dew point has long been plotted on
synoptic charts and the relative humidity can therefore be
predicted from a prognostic maximum temperature isotherm
and isodrosotherm chart; in other words, the maximum
temperature is predicted, the dew point is predicted, and
the corresponding relative humidity derived, It is this
value of the relative humidity that is issued as a fore-
cast and hence it reflects errors in

(2) the maximum temperature forecast, and
(b) the dew point forecast,

However, the two errors usually occur in the
same sense, thereby rendering the error in relative humidity
less than it would otherwise be, For instance, the dew
point cannot exceed the dry bulb temperature; hence if the
temperature is forecast too low, the dew point will also
tend to be forecast rather low. Statistically this can
also be seen from a study of the Bias Index to be
described below,
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(iv) A Criterion for Assessing Dew Point Forecast
Errors, :

_ As with temperature so with dew point it is felt
that the logical method of assessment is per medium of the
Luke (or some such other) index of fire danger,

An examination of Luke’s second table reveals
that his relative humidity ranges are somewhat irregular,
being as follows: O0-15; 16-29; 30,L4L9; 50-79; 80-100%,
i.es the class intervals are of sizes 15, 13, 19, 29 and
20%. It would appear reasonable, then, to select 15% as
our criterion, particularly as this fits the fire dangerous
region of the table,

Now at 90F an error of 15% in the relative
humidity corresponds to a dew point error of the order of
17F; at 80F it would be of the order of 13F; at 70F it
would be of the order of 10F, for low and moderate relative
humidities, It would appear, then, that some figure
between 10 and 15F should be chosen as the criterion for
satisfaction, since any error less than this cannot alter
the Luke Fire Danger Rating by more than its minimum
increment of 5 points, which is the lowest amount which
can possibly displace the rating into the next highest or
lowest category, e.g., to shift it from High to Very High.

(v) The Actual Dew Point Eryor Distribution,

The frequency distribution of dew point forecast
errors for the various months are given in Table 3.

The combined data of Table 3 for the whole fire
season are plotted in Figure 2, along with the best fitting
normal curve with mean -1,33F and standard deviation 7.66F,
which appears as a straight line, The actual distribution
is not normal as can be seen also from an examination of
Table L4, where the computed frequencies for the normal
distribution are compared with the actual frequencies,
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Table L4, Observed and normal frequency of errors
in dew point forecasts -

Mid-point of Corresponding

,clasiog?terval Qbserved_freqpenqy‘ riormal frequency
=33 1 0.0
=30 0 0.1
=27 2 0.4
-2l 1 1.4
=21 10 Ls0
~18 1k ~ 10,1
=15 19 22,3
=12 26 hi.h
-9 38 66.0
- 6 90 A 90.3
-3 122 _ 106, 4

0 137 107.2
3 111 92.4
6 57 68,6
9 31 u3.7
12 20 23.9
15 7 11.3
18 7 4.6
21 2 1,6
24 0 0.5
27 1 0,1

Once again it is evident that the frequency
distribution is not normal, as a chi-square test applied to
the data of Table L shows. It is, in fact, markedly
leptokurtic, there being an excess of small errors (between
+ UF); there is also a slight excess of underestimation in
the groups (-17 to =22F), Possibly the unexpected onset of
seabreeze conditions after a period of low dew points could
explain part of this excess, The mis-timing of the advent
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of a dry change might also be a contributing factor, as in
the case of maximum temperature, .

"~ (vi) Discussion of Forecast Dew Point Errors

From a study of Table 4 we see that the
distribution of dew point errors enables the classification
of the forecasts into categories; referrlng to section
(iii) sbove we may accept as a fairly rigorous standard of
- satisfaction * g 10F, classifying underestimations greater
than 10F as fair and errors above +10F as bad, The latter
would lead to an underestimation of the Fire Danger and
perhaps a relaxation of precautionary measures,

We thus arrive at the following results:- -
‘ Good - 8u%
Fair - 11%

~

Bad - 5%
(vii) The Bias of the Forecasts

With the thought of the underestimation of the
Fire Danger in mind as g thing to be agvoided at all costs
it is evident that there is a tendency for overestimated
maximum temperatures and underestimated dew p01nts. On
the other hand, such a tendency might be deliberately over-
compensated if the forecaster became aware of it. -

A measure of the bias may be made as follows:-

Classing the errors within say % 7F as acceptable,
we determine the ratio between the number of errors in
excess of + 7F and - 7F, This may be described as a Bias
Index. It would be desirable for it to exceed unity in
the case of maximum temperature, and be fractional in the
case of dew point, The results of this analysis appear in
Table 5. '






