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A CAPABILITY STUDY OF FORECASTS OF MAXIMUM TEMPERATURE,
RELATIVE HUMIDITY, DEW POINT, WIND AND PRECIPITATION
IN SEVERAL STATES WITH SPECIAL APPLICATION TO
FIRE WEATHER REQUIREMENTS

by G.U. WILSON
Central Office, Melbourne

(Manusceript received October, 1957)

Abstract: A study is made of the capability
to forecast several of the elements, maximum
temperature, dew point, relative humidity,
precipitation, wind and thunderstorms for

Coffs Harbour, Mount Burr, Wirrabara and
Dwellingup., These stations adjoin or are
located in important State forests, The fore-
casting capability is studied with particular
reference to forestry fire weather requirements.

Maximum temperature forecasts are
generally good and short range (9 hour) fore-
casts are found to be mome accurate than long
range (24 hour) forecasts. A disturbingly
high proportion of forecasts fail to predict
accurately maximum temperature of 90°%F or more.

Forecasts of dew point and relative
humidity need to be improved. A high percent-
age of forecasts fail to predict low dew points
and humidities accurately, The accuracy of
9 hour forecasts is little better than 24 hour
forecasts, at one station the accuracy is worse,

Rain and thunderstorm forecasts are .
not particularly accurate, On 24 per cent of
occasions when no rain was forecast for Mount
Burr, rain fell at some time during the period
of validity of the forecasts, -

Quantitative wind forecasts are
analysed for Coffs Harbour only. The fore-
casts are generally good but the wind
direction is found to be inaccurate on 4 out
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of-the 5 occasions when the wind speed eXceeds
16 mph.

The success of fire control
measures depends on the capability to forecast
accurately exbremes of maximum temperature,
dew point and relative humidity. The failure
to do this is thought to be due to errors in
prognosis, particularly incorrect predictions
of cyclogenesis,

The requirement for improved
techniques to forecast dew point is emphasised.

1., INTRODUCTION

Forestry interests and rural fire control
authorities in each State receive fire weather forecasts
throughout the fire season. The forecasts are prepared
daily at approximately 7 a.m. and 3 p.m. They include
quantitative estimates of maximum temperature and the dew
point (or relative humidity) at the time of the maximum
temperature, Forecasts of wind velocity are also
required to be expressed quantitatively, in miles per hour,

Serious fires are known to occur on days when:
either very high temperatures, low dew points or humidities
or very strong winds are experienced, Fire control
authorities adopt strict fire prevention and control
measures whenever forecasts of extreme values of these
elements are received.

Quantitative forecasts of the same elements are
used when preparing fire danger forecasts and warnings for
the public by means of fire danger tables or meters.

During the Fifth Australian Fire Control
Conference held at Maryborough, Queensland, in May 1956,
forestry delegates drew the attention of representatives
from the Bureau of Meteorology to the quality of these
forecasts, It was claimed that the quantitative estimates
prepared during the 1955/56 fire season were not
sufficiently accurate, In particular, delegates asserted
that forecasts were sometimes seriously in error .on days
when temperatures were high, winds strong and humidities
low (that is, days of critical fire danger) . Requests
were made that the Bureau investigate means of improving
the quantitative forecasts,
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This capability study was prompted primarily by
these comments in order to assess the accuracy with which
forecasts are being prepared, using existing (and mainly
subjective) techniques, Secondly, the Forecast Studies
Programme includes Development and Objective Forecast |
studies designed to adapt or develop technigues for preparing
quantitative forecasts, preferably by objective methods,
An analysis of forecasting capability, before and after the
employment of any new techniques, is necessary in order to
evaluate the efficacy of the techniques devised,

20 METHOD OF ANALYSIS

Four stations, located in three States, were
selected for this study. In each case, the forecasts were
prepared for a "point", that is a specific site where there
is a standard Stevenson screen, housing dry bulb, wet bulb
and maximum thermometers, The exposure is standard in each
case,

The four stations are:-

(i) Dwellingup (W.A.) - located 26 miles from
the coast and approximately 50 miles SSE
from Perth, A

(ii) Mount Burr (S.A.) - located 15 miles from
the coast, near Mount Gambier,

(iii) Wirrabara (S.A.) - located 15 miles from
the eastern shore of Spencer Gulf, near
Port Pirie,

(iv) Coffs Harbour (N.S.W.) - situated almost
on the seaboard on the North Coast of
New South Wales, ‘

Daily observations of maximum temperature and
3 p.m, temperature, dew point and wind velocity were made
at each station during the periods under review, These
periods are:-

Dwellingup = 3 November, 1955, to
12 April, 1956,

Mount Burr and Wirrabara - 17 October, 1955, to
30 March, 1956,
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Coffs Harbour - 21 August, 1956,-to‘
- ' 20 Septenber, 1956,

all détes inclusive.

: The forecasts contained estimates of the dew point
(Mount Burr and Wirrabara) or relative humidity (Dwellingup
and Coffs Harbour) at the time when the maximum temperature -
occurred, These elements, hereinafter called "minimum dew
poeint" or "minimum relative humidity" were not observed at
any of the four stations and the 3 p.m., values were used in
their place. However, the 3 p.m, values are not
representative of the values at the time of maximum
temperature if a change in air mass occurs before 3 pol.,
caused by the passage of either a cold front or a sea breeze,
Accordingly, no check was made of the forecast error in the
"minimum" dew point or relative humidity on any day when the
difference between the observed maximum temperature and the
3 pem, Ary bulb temperature equalled, or exceeded, LOF,

The forecasts of the maximum temperature and
"minimum" dew point or relative humidity were made twice
daily (approximately 7 a.m. and 4 p.m.) for Mount Burr,
Wirrsbara and Dwellingup, and once daily (3 p.m.) for
Coffs Harbour. - The i p.m., forecasts predicted the values
of these elements for the following day and are thus 24
hour forecasts (approximately). The 7 a.m, forecasts
predicted these elements for the same day and are thus,
approximately, 9 hour forecasts.

Forecast errors in maximum temperature and
"minimam® relative humidity or dew point were extracted from
both forecasts each day. The forecast error was treated as
the forecast value minus the observed value,

. Cumilative frequencies of the forecast errors were
calculated at 1°F intervals for maximum temperatures and
"minimum" dew point temperatures, and at 1 per cent intervals
for "minimum" relative humidity. Cumulative frequency
diagrams were then plotted on arithmetic probability paper,

This tfeatment was not possible for the Dwellingup
data which was supplied in a pre-analysed form.
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3, DISCUSSION OF DATA
Maximum temperature,

The cumulative frequency curves of forecast errors
in maximum temperature are shown in the following figures:-

Fig. 1 - 24 hour forecast, Mount Burr;
Fig, 2 =~ 9 hour forecast, Mount Burr;
Fig. 3 - 24 hour forecast, Wirrabara;
Figo 4 -~ 9 hour forecast, Wirrabara;
FPig, 5 - 24 hour forecast, Coffs Harbour.

An examination of these diagrams shows that,
although the over-all accuracy is good, there is scope for
improvement. In particulary; it is noticeable that the 24
hour forecasts for Coffs Harbour and Mount Burr are much
more accurate than those for Dwellingup and Wirrabara,
This is best illustrated in Table 1,

Table 1 - Percentage forecasts of maximum
temperature falling within fixed ranges
of forecasting error

Coffs
Forecast Mount Burr Wirrabara Harbour Dwellingup
error(°F) 24 hr 9hr 24 hr 9 hr 24 hr 24 hr 9 hr
+ LOF 57 67 L8 63 82 46 55
LOF or more 26 22 20 © 15 10 18 15
too low ‘
L°F or more 19 11 32 22 8 36 30
too high
Normal max
temp range L5,7 45,2 22,7 U3.7

(deg. F)

The normal maximum temperature range,was obtained by
preparing cumulative frequency curves of the observed
maximum temperature over several years during the same
period, and reading off the range within the limits of
1l per cent and 99 per cent,
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The difference in forecasting accuracy is
probably due to the differences in the normal maximum
temperature ranges during the fire season at each station.
An attempt was made to prepare a graph showing the forecast-
ing accuracy (within limits of % u°F§ which could be expected
for normal seasonal ranges of maximum temperature. There
were not sufficient data to permit this, because the normal
ranges at 3 of the L stations were of the same order (45°F).

The Table also shows that the accuracy of the 9
hour forecast is substantially higher than that of the 24
hour forecast, thus emphasising the operational importance
of this "check" forecast which is issued every morning.

Figures 2 to U4 show that most forecasts of
maximum temperature exhibit a small bias. The 24 hour
forecasts for Mount Burr and Coffs Harbour show no bias, the
24 and 9 hour forecasts for Wirrabara show a positive bias,
while the 9 hour forecasts for Mount Burr show a small
negative bias, The real significance of the bias is
evident in Fig, 6 where cumulative frequencies of the 24
hour forecast errors for Mount Burr are plotted for various
intervals of observed maximum temperature, The bias (as
displayed by the forecast error at the 50 per cent accuracy
level) ranges progressively from an underestimate of 5
degrees when observed maxima are 90°F and over, to an over-
estimate of I degrees when observed maxima are in the r ange
50 to 59°F, The diagram suggests that maximum temperature
forecasts underestimate both rises and falls in inter-
diurnal temperature changes, This could be illustrated,
possibly, by plotting the actual change in maXimum
temperature against the forecast change in maximum
temperature for each day of the period under study. Or,
alternatively, each forecast maximum temperature could be
plotted against the subsequent observed value,

Fig., 6 also shows that 5 to 6 per cent of the
forecasts underestimated the maximum temperature by 15
degrees or more when the observed maximum temperatures were
80°F or higher, In a locality such as Mount Burr, failure
to predict such high maximum temperatures implies that low
‘humidities and strong winds (frequently associated with days
of high temperature in this region) also will not be
predicted and that some days of critical fire danger will
not be forecast, It is reasonable to assume that errors
of such magnitude in the forecast of maximum temperature
are due to major errors in prognosis, particularly failure
to predict cyclogenesis in the eastern waters of the Great
Australian Bight.



38

The distributions shown in Figures 1 to 5,
althpugh not normal, are approximately so within the range
of ¢ 8YF forecast error., Thus the variance of the fore-
casting errors can be used as a convenient means of '
comparison of the relative efficacy of different techniques.
for temperature forecasting, The variances of the maxinmmum
temperature forecasting errors (Vf), when employing the

current subjective forecasting methods, are given in
Table 2, together with the bias of each group of forecasting
errors, It will be noted that Vf for Coffs Harbour is much

lower than for Mount Burr or Wirrabara, In order to effect
a comparison between forecasts for various centres, the
climatological variance (V) and the interdiurnal variance
(V.) were calculated, where,

i
vV = %‘- Z (O hed 6)2 a-nd PP (1)
= 1 - 2
AR YRR e (2)
N = number of observations of maximum temperature,
0 = observed maximum temperature (°F),
'°2u' = observed maximum temperature, 24 hours

previously (OF),

The ratios V/Vf and Vi/Vf then provide a relative measure of

the forecasting accuracy at each location, in addition to
providing information concerning the accuracy of present
forecasting techniques as compared with forecasts based on
the average maximum temperature or, altermatively, the
maximum temperature on the preceding dsay.

The values of the variances V and Vi show that

maximum temperature forecasting is considerably more
difficult for Mount Burr and Wirrabara than for Coffs
Harbour and that the forecasts for the former locations
compare more than favourably with those prepared for Coffs
Harbour, The marked improvement in forecasting accuracy
when the forecast period is reduced from 24 to 9 hours is
also evident,
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Table 2 - Analysis of maximum temperature forecasting

errors during the 1955/56 fire season

Coffs
Mount Burr Wirrabara Harbour
24 hr 9 hr 24 hr 9 hr 24 hr
Bias (deg, F) 0 -O.4 +1.0 +1,0 0
Variance of forecasting 30,3 16,8 41,0 18.5 7.8
error (Vf) -~ (deg. F)
Climatological variance 11h,6 1134 11.6
(V) - (deg. F)
Interdiurnal variance 776 56,2 10,7
(v;) - (deg. F)
v/vf 3.8 6,8 2,8 6,1 1.5
v/, 2,6 4,6 1.4 3,0 1ok

Dew Point.

point are

The error distribution for the forecasts of dew
given in the following figures:-

Fige 7 = 2L hour forecast, Mount Burr
Fig, 8 - 9 hour forecast, Mount Burr
Fige. 9 = 24 hour forecast, Wirrabara

Fig, 10 - 9 hour forecast, Wirrabara
Fig, 11 - 24 hour forecast, Coffs Harbour,

The accuracy attained is less than when forecast-

ing maximum temperature,

This is shown in Table 3, where

dew point forecasting errors have been arranged in
intervals similar to those given in Table 1.

The 9 hour forecasts are more accurate than the
2L hour forecasts but the improvement is not as marked as

in the case of maximum temperature forecasting.
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