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Abstract: The effects of atmospheric
temperature, relative humidity, wind speed
and the preceding rainfall on the incidence
of major fires in the Riverina are discussed.
Data is so selected that the effects of non-
meteorological factors are kept to a minimum
and thus may be neglected.

Results of earlier investigations
in the United States of America are considered,
notably the influence of the stability and
wind structure in the lower troposphere on
convection and fire behaviour, The absence
of observations of upper air temperatures
prohibit the study of these factors.,

Conclusions are drawn regarding .
the relative importance of the selected
surface meteorological conditions in determin-
ing whether or not a fire will develop into a
major conflagration,

A forecasting aid is suggested
whereby it is possible, from forecasts of the
above surface meteorological conditions, to
assess the likelihood of major fires develop-
ing in flat country where there is ample fuel
in a fully cured condition.

1, INTRODUCTION

The early identification of days when serious
fires will occur presents a constant problem to fire-
fighters, foresters and meteorologists every fire season,
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- A partial solution to the problem-is given by the
fire danger tables, (Foley, 1947) and (Luke, 1953),
currently in use in Australia, The tables provide a means
of predicting fire danger ratings which are, in effect,
combined assessments of fuel inflammability and the likely
rate of spread of fire, Experience has shown that the use
of these tables leads to an excessively high number of days
in inland areas when the fire danger class is predicted to
be "Very High" or "Extreme', Major fires occur on but a
relatively small proportion of these days when a critical
fire danger is forecast.

Before a complete solution to the problem can be
found, it is necessary to investigate the weather conditions
prevailing on all days when serious fires occur and to
effect a comparison with the weather on other days when
serious fires do not occur, but when fuel conditions are

such as to permit thelr development

The presenﬁ investigation has been designed to
determine whether the occurrence or non-occurrence of major
fires is dependent on selected meteorological parameters
and, where possible, to determine +the critical values of
such parameters, -

2, PRELIMINARY TREATMENT
(a) Definitions

The following terms have been used in the
investigation, They conform with the definitions generally
accepted for fire weather research in Australia,

MAJOR FIRE -~ a single fire burning in excess
of 20,000 acres in grassland, 5,000 acres in
dedleated forest areas or 500 acres in exotlc
pine plantations;

MAJOR FIRE DAY - a day on which a fire has
burnt the area prescribed for a major fire;:

MAJOR FIRE PERIOD -~ a group of fires in excess
of ten during a five-day period or less in any
one area, where each individual fire burnt less
than t he area specified for a major fire,
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For the purposes of this investigation, the
following additional definition was formulated:

NON-MAJOR FIRE DAY - any day when fuel
conditions were such as to support a major
fire but when no fire was known to be burning.

(b) Factors contributing to fire behaviour

A Major fires in bush, grass and forest country are
known to be associated frequently with high temperatures,
low humidities and fairly long rainless periods, It is
also generally considered that the rate of spread of fires
is a function of the wind velocity at the fire site,

Other meteorological factors can also influence
fire behaviour., Incoming solar radiation can raise the
temperature of exposed fuels and decrease their moisture
content, so making them easier to ignite, The effects of
temperature lapse rates and winds in the lower troposphere
on convection and turbulence are discussed by Byram (1954)
who considers that these factors influence extreme fire
behaviour,

Before any fire can start, an ignition agent must
be present. If the ignition agent is present and-a fire
breaks out, the non-meteorological factors determining
whether or not the fire will develop into a major fire are,

(1) the speed of application and the efficiency
g of measures to control and suppress the
fire,

(ii) the moisture content and the quantity and
physical disposition of the fuel, and

(iii) the topography.

When a fire is not suppressed during its initial stage of
development, its stbsequent behaviour agnd difficulty of
control will depend only on the weather conditions, the

" moisture content, quantity and physical disposition of the
fuel and the type of topography.

All these factors, and possibly others, should be
studied in any investigation of the necessary criteria for
- the development of major fires, However, it is difficult
to separate the effects of the meteorological and non-
meteorological factors: for example, a certain combination
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of fuel and weather conditions may lead to uncontrollable
fires on upgrade slopes but not on downgrades or in flat
terrain,

(e) Selection.of the area for study

The investigation was confined to the Riverina,
which is a generally flat region in New South Wales, bounded
by the Rivers Lachlan and Murray and, in the east, by the
800 £t contour (approximately). The average elevation is of
the order of 500 ft above mean sea level with a general fall
to the west of 4LOO £+ in 200 miles.

Thus one of the non«meteorological factors is
eliminated, or its effects are minimised, because the
topography in this region can be regarded as having little
or no effect on fire behaviour. . ,

Moreover, the area contains a good network of
stations, when compared with other inland regions in
Australia, and many of the stations have long periods of
records, The meteorological observations at these stations
may be presumed to be representative for considerable ==~
dlstances, owing to the general lack of physical features
in the region.

There are a nunber of State forests and other'
tinber belts (representing potentially heavy fuels) scattered
throughout the region, However, maps of the native
vegetation show that there is a widespread grass cover and,
consequently, that light fuels predominate. Numerous major
fires have occurred in the district in recent years, the most
disastrous being the "Mangoplah Fire" which, at one stage,
burned over 700,000 acres between sunrise and 2,30 p.m. on
25 January, 1952, More than 900,000 acres of grazing and
timbered country were destroyed before the fire was eventually
brought under c ontrol.

(d) selection of meteorological parameters

The more important surface meteorological elements.
associated with days of serious fires were considered to be:-

(i) Maximum temperature;
~(ii) The 3 p.m, dew point;
(ii1) The amount of the last rainfall;
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(iv) The number of elapsed days since this
last rainfall;

(v) The 3 p.m, surface wind speed;
(vi) The 3 p.m, surface wind direction,

The maximum temperature is a measure of the
degree of heating of the air and provides some indication
of the degree of heating of fuels, Nevertheless, it nust
be remembered that some major fires may be well advanced
before the maximum t emperature is reached. The "Magoplah"
fire at one stage flared up during the early hours of the
morning. Temperatures at the time were lov and fire-
fighters reported that winds, although gusty, were generally
light,

In choosing a humidity element to represent the
moisture content of fuels, dew point was considered
preferable to relative humidity because of its more
conservative properties and because it is not as dependent
on the dry bulb temperature, ~ The 3 p.m. dew point can be
used, in the majority of cases, as an estimate of the dew
point at the time of maximum temperature and minimum fuel
moisture content, It will not represent the dew point at
the time of maximum temperature on those occasions when a
change in air mass (for example, cold front, sea breeze,
etc.§ occurs before 3 p.m, ~

The r ainfall parameters, when combined, give a
further indication of the dryness of the fuel, as distinct
from the degree of curing, However, if a large nunber of
days has passed since a relatively small rainfall it must
be presumed that this condition would have some effect on
the degree of curing of any fuels which were not fully
cured at the time the rain fell, This difficulty is
discussed further in section 6,

The 3 p.m, observation of wind velocity was
considered the most appropriate because fuel temperature and
air temperature would generally be approaching a maximum
value and the fuel moisture content a minimum value at this
time of day. The structure of upper winds and the stability
of the atmosphere have been shown by Byram (1954) to have an
important effect on fire behaviour. Upper wind observations
in the Riverina have been made only during the past few
years and there are no radiosonde stations in the area at
all, Consequently the study was confined to an examination
of the six surface meteorological parameters listed above,
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(e) Selection of major fire days

Magor fire days were selected from a publication
of the Bureau of Meteorology (Foley, 1947) and data
collated by the Forestry and Timber Bureau. Difficulty was
sometimes experienced in isolating single major fire days
during an extended major fire period, In such cases the
entire major fire period was excluded from the investigation,
Twenty-five major fire days can be distinguished clearly
from available fire records, extending over a period of 29
years, - With one exception the selected major fire days
occurred during Decenber, January and February,

(f) Selection of non-major fire days

Any comparlson of ‘meteorological conditions on
maaor fire days and nonemagor fire days should be
independent of variations in the quantity and degree of
curing of fuels, Because fifteen major fire days occurred
during the consecutive fire seasons 1949-50 to 1953-54 it was
assumed that weather and fuel conditions did not inhibit the
occurrence of major fires during these five seasons, A
total of 450 non-major fire days were selected from the
months, January, February and December within this period.

As an added precaution, the condition and quantity
of light fuels were checked from monthly Stock and Crop
Notes (Buresu of Meteorology). Whenever the notes for any
one month indicated that fuels were not fully cured, or the
degree of curing was not uniform throughout the area, the
whole month was excluded from the investigation. Some of
the smaller fires reported may have developed into major
fires if adequate and timely suppression measures had not
been taken, It was decided to exclude from the selection
of non-major fire days all days on which fires of any
magnitude were known to be burning, in order to eliminate
this uncertainty. These rejection processes reduced the
origingl total of U450 non-major fire days to 130 days, on
any one of which fuel conditions could have supported a major
fire.

(g) Source and limitations of meteorological data

There are numerous meteorological stations in the
region where maximum temperature and rainfall are observed
but only a limited number of stations where 3 p.m.
observations of temperature, humidity and wind are made,
Observations from both classes of stations were compared
and it was found that the maximum temperature and 3 p.m, dew
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point are generally conservative over the region whereas
single observations of the 3 p.m, surface wind are not
always representative of the general wind circulation,
Rainfall observations generally show continuity except in
the cases of instability showers,

Observations at the station nearest the fire site
on several of the major fire days consisted only of maximum
temperature and rainfall, These were supplemented with
observations of 3 p.m, dew point and surface wind at Wagga
since a large proportion of the major fires occurred in the
vicinity of this station, The meteorological data for
non-major fire days were selected also from the Wagga
records in order to effect a fair comparison,

3e METHOD OF ANALYSIS

The methods adopted in this investigation are, in
some respects, similar to those used by Clarke (1954) and
Phillpot and Stevenson (1955), More specific details of
the conditions under which parameters may be used in this
type of investigation are given by Petterssen (1956),

An identification number was assigned to each of
the days examined, ranging from 1 to 25 for the major fire
days and from 101 to 230 for the non-major fire days. This
procedure permitted the identification of any point plotted
on one diagram with the corresponding point on any other
diagram, .

5

(a) Maximum temperature and 3 p.m, dew point

Maximum temperature was plotted against the 3 p.m.
dew point for major fire days and non-major fire days, as
shown in Fig, 1, from which the identification numbers of
non-major fire days have been omitted for the sake of clarity,
The diagram was divided into a grid of overlapping squares,
each side representing an interval of 10°F, The ratio
A/(A + B), where A is the number of major fire days and B the
number of non-major fire days, was determined for each
square, These ratios were then plotted at the mid-points
of corresponding 10°F squares on another sheet of squared
paper and four smoothed ratio isolines were drawn, represent-
ing ratios of 1.0, 0,5, 0,2 and O,1. The isolines were
transferred to the original graph dividing it into five
areas, V, W, X, Y and Z, Area V represents the dry bulb
and dew point temperature conditions most conducive to the

outbreak of serious fires and, conversely, areca Z the least
conducive,
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FIG 3. COMPOSITE DIAGRAM

INTEGRATING FIGS 1 AND 2. AREAS
K,L AND M REPRESENT CONDITIONS RANGING FROM
FAVOURABLE TO LEAST FAVOURABLE FOR SERIOUS FIRES.

3pm. Surface Wind Speed (Knots)

FIG 4. AREAS REPRESENTING CONDITIONS OF TEMPERATURE, DEW POINT, RAINFALL AND
WIND SPEED RANGING I (MOST FAVOURABLE) To Tl (LEAST FAVOURABLE) FOR
SERIOUS FIRES.
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