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Abstract: An attempt has been made to assess
the quantity of grass—fuels and  their time of
curing from -records of monthly rainfall and
- evaporation, and from the occurrence of major
fires in the Wagga-Riverina dlstrlcts daring

1948 to 1955.

In simulating a soil-moisture conservation
-approach the results -seem promising but, for
lack of certain data, any conclusions are still
very subjective. Further development and
modification of the procedures used will be
necessary to produce a satisfactory forecasting
- aid, '

: A brief review of some of the publlshed
methods for assessing soil-moisture
conservation is included, From these it may
be possible to devise a more satisfactory means
for assessing the state of grass-fuels from
meteorological data.

1. - INTRODUCTION -

The abundance of growth and degree of curing of
fuels comprise the seasonal long-term) factors contribut--
ing to fire danger, Superimposed on these are the
relatively short-term factors, consisting of a combination
of meteorological elements conducive to the outbreak of
serious fires when the fuel has reached a certain state,

: At present (1957) fuel-state reports are
planned to be received from only the more densely settled
regions of the Commonwealth., This leaves large areas where
the quantity and degree of curing of fuels are relatively
unknown, Monthly stock and crop notes may give some
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indication, but these generally arrive too late to be used
in fire weather forecasting. '

The association between rainfall in the months -
preceding the fire season and the state of the fuel has
been mentioned in several technical papers. Foley (19L47)
has shown graphs of progressive totals of departure from
normal of district rainfall - the-significant feature of
these being the occurrence of -serious fires after distinct
downward trends (representing periods of below average
rainfall) in the graphs. : :

It was felt that the amount of growth and the
degree of curing could be related to rainfall and- - -
effective rainfall. Preliminary investigations-showed that
fires in the Wagga-Riverina district occurred only after
the rainfall had fallen well below the effective rainfall
at Griffith. This result suggested that a soil-moisture
conservation approach to the problem might be appropriate.
Accordingly a method similar to that described by Hounam
(1955) wgs tried. ‘

2, SOME METHODS FOR COMPUTING RESIDUAL SOIL MOISTURE

‘Many authors have written quite extensively on
the subject of residual soil moisture and its effects on
plant growth, and some of them have outlined proecedures for
assessing this residual -soil moisture, A few of these.
procedures ‘have been-selected with the view that they might
be applicable to the problem of relating grass-fuel state
with meteorological elements.

2,1 Thornthwaite and Mather (1955) have given
comprehensive instructions for the calculation of storage,
deficit, surplus, -and detention of -s0il moisture using the
parameters- rainfall and mean temperature. For various
localities in the U.S.A. the agreement between computed and
measured soil moisture-is -quite good.

The calculations are made on--a book-keeping _
basis, and the method may be applied to. these stations where
no tank evaporation readings are taken. Although tables
for a soil moisture capacity of only 300 mm are given in
their publication, more- detailed instructions which are
being prepared will include tables for use with values other
than 300 mm for the water holding capacity.
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22 . ‘From experiments on cylinders of soil, Staple
and Lehane (1944) have given a series of curves.relating
removable soil moisture to tank evaporation for various
incremental rainfalls, The progressive removable soil
moisture between rain days can be assessed very quickly,
On rain days adjustment is made by transferring the last
computed value zof removable soil moisture) to the next

appropriate set of curves.

- The authors have compared their estimated soil
moisture conservation with that computed from the change
in soil weight of fallow tanks in the field., Agreement
between the computed and measured values seems to be
satisfactory, but it is to be expected that soils of
different textures will have correspondingly different
evaporation- curves, A further criticism of this method
appears in the paper by Bath and Fox (unpublished).. .

2.3 ‘In Queensland, Bath and Fox (unpublished) have
approached the problem of residual soil moisture and its
effect on plants by considering firstly the rainfall ..
required to initiate plant growth and secondly, the rain-
fall needed to maintain growth throughout. plant life
cycles. - The authors give a method for calculating a
running daily total of soil moisture (in the top few
inches of soil). ' :

2. 4 Before the procedures briefly outlined in 2,1,
2,2 and 2,3 can be applied to the problem of computing
grass fuel state, some knowledge of the water-holding
capacity of the so0il, and the characteristics of the
predominant plant species is required. In particular, the
depth of the root system is the major factor in assessing
the soil moisture available to plants,

3. PHYSIOGRAPHY OF THE SELECTED REGION

The selected region comprises all of the area
bounded by the Rivers Lachlan and Murray, and (in the east)
approximately by the 800 ft contour. ' This area, with an
average height of about 500 feet above MSL, has a general
fall to the west of roughly 4OO feet in 200 miles, Since
the region is virtually flat,. it may be presumed that
meteorological readings at various stations would be
representative for considersble distances,
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.~ The average annual rainfall increases fairly
uniformly from-about 12 in, for the far west to about
22 in, for the east of region, The average annual
evaporation (computed from saturation deficits) decreases
fairly uniformly from about 65 in, in the northwest to
50 in, in the southeast of the region.

L, PRELIMINARY INVESTIGATIONS

The monthly effective rainfalls for Griffith were
calculated from Prescott’s formula: :

P/g0.7 = 0054

where P (the effective rainfall in inches) is that rainfall
necessary to start and maintain growth after break of
drought and E is the monthly tank evaporation in inches,
Fig, 1 shows the plot of monthly effective rainfalls
(dotted line), together with corresponding values of actual
rainfall (vertical lines), The graph infers that where
the actuasl monthly reinfall greatly exceeded the effective
rainfall in the winter, followed by a spring and summer
where the effective rainfall greatly exceeded the actual
rainfall, serious fires generally occurred in the area
during the summer, This was considered to represent a
good winter grass growth, which had dried out in the spring
and summer, thus presenting a considerable fire hazard.

‘Where the difference between actual and effective
rainfall was generally small during the winter, it was
considered that the grass growth would have been poor.
Consequently, even if it was dried out thoroughly during
the following summer, it would not then present a very
serious fire hazard, Also, when the actual rainfall
. exceeded the effective rainfall during or just before the
summer, it was considered that the fire hazard would be
correspondingly low,

These considerations seem to be borne out by the
occurrence of serious fires as shown in Fig. 1. However,
the results presented in this way are somewhat subjective,
and only give a qualitative indication of the extent of
grass growth and subsequent drying.

a



A-Good growth and dry summer.
B - Fair growth and dry summer.
C - Fair to poor growth and dry summer.
D - Poor growth and dry summer.
| { E - Fair to poor growth and wet summer.
N 1 R 1 F - Poor growth and wet summer.
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Figl Griffith. Actual and effective monthly
rainfall from January 1920 to December
1955 (See text Ffor details) Abscissa

alignment marks indicate the month of
January. Arrows below abscissa indicate
the months of fire occurrence in the
Riverina. The letters above the peaks
in the effective rainfall line indicate
summer conditions according to the inset
table.
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Fig- 2. Difference between actual and effective rainfall for Wagga - Jan 1948-Jan 1956
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Fig, 2 shows the plot of the difference between
actual and effective rainfall for Wagga (which has only
elght years ‘of -evaporation records). ‘If-the area under the
curve on the negative side of Fig, 2 is considered as an
index of cumulative drying, then one could expect some- klnd
of relationship between the occurrence of fires and scme
minimum area belcw the- zero difference level. - The ’
variability 1n these areas up to the tlme of flre ouﬁbreaks
1nfers that : : -

(1) '"In.some"firelseasons, weather-conditionSvare.
not conducive to the outbreak of fires at-the.
time when this minimum area is reached, and/or.

(i1)  The fire risk (associated with safety
7 precautions, etc.) is greater in some
‘years than in’ others, and/or ‘

(iii) The retention of moisture in soils plays some.
part in accelerating or retarding- the rate of
curing of fuels. -

The first of  these inferences forms part- of a separate
study, now in progress, and the second is beyond the scope
of meteorological research, The subject of 5011 moisture
retention forms the bas1s of Sectlon 5.

5. SIMULATED SOIL MOISTURE INDEX
5.1 Trlal method

Hounam (1955) has described a procedure for
assessing the daily balance of residual soil moisture
available for the growth of shallow-rooted plants., At
present no detailed data regarding the characteristics of
the sollg and the root-depth of the predomlnant grass
species are available for this district. However, it was
proposed that a similar method should be tried. Por this
it was assumed that the predominant plant species could
.draw on a moisture supply amounting at saturation to L4 in,,
(Thornthwaite, 1948),  Also, it was assumed that evapo-
transpiration (on a monthly basis) was equal to the :
effective rainfall, These are extremely broad assumptions
but, even if the soil moisture index calculated this way is
erroneous, it was considered that the results might show
some connectlon with the occurrence of serious fires.



562 Calculations involved
_ A succession of relatively large negative
differences between actual and effective monthly rainfall
indicates a prolonged dry spell. Commencing from the
first positive difference after a prolonged dry spell, -
monthly cumulative totals of these differences were '
tabulated. Negative differences were subtracted from the
value of L in, if the progressive value was greater than
4 in, Similarly, positive differences were added to zero
if the progressive value was less than zero. Thus the
ﬁumulativé total was confined between the limits O in.
in, . . ; A .

and

For the purposes of this trial method, the
water-holding capacity of the soil was also assumed to be
4 in,, and the amount by which the cumilative total would
have exceeded L in, was regarded as run-off and artesian
seepage, When the cumulative total reached zero, the
soil was regarded as dry, and the plants were then
beginning to wilt. ' ‘

An example of the calculations is given in

Table 1, A
TABIE 1 Showing the calculation of
cumulative totals
(Griffith, 1948-U49)
Month Difference Cumulative Total
Actual-Effective Rainfall
January . =210
February -0,91 ‘
March -2,10| Prolonged dry (0]
April -0, 33 spell 0 - ' :
May T =-0,62 - O ...Plants fully cured
June +2.57. .Table commenced....2,57..New Growth
July - =-0,14 ' - 2,43 :
August -0, 46 1,97
September -1.48 o.Lk9 S
October =0.75 0 ...Plants wilting
November -1,11| Dry spell 0 :
December " =019 0 : ' -
January ~1,56 0 ...Plants cured
February +3. 76 3.57. . New Growth
March +1.9h4" L}, 00, o Maximum -

- moisture
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