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2.2 TERRAIN AND VEGETATION

Brindabella study site 0 5 ® 2 ke 2
bl
elevation (m) +
- Mgh W1
~ Low 564

Figure 2.1: The Brindabella Ranges study landscape of 2,500 km? (coloured)
is shown against the boundaries of the Australian Capital Territ-
ory
The extent of the landscape used in developing FIRESCAPE is shown
in grey (approximately 9,000 km?). Weather stations important to
the current study are marked: Canberra Airport (Elv.: 577 m, Lat.: -
35.31, Lon. 149.2), Bendora (Elv.: 815 m, Lat.: - 35.44, Lon.: 148.83),
Tidbinbilla (Elv.: 700 m, Lat.: -35.44, Lon.: 148.94) and Mt Ginini
(Elv.: 1,760 m, Lat.: -35.53, Lon.: 148.77).
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DATA REQUIREMENTS: TERRAIN, VEGETATION, WEATHER AND REPLICATION

Fuel (Uha) B0 G4 B0 95| |11 550 14 67 18 37

Figure 2.4: Steady state values (Xgst.ha ') (fine surface litter) for five el-
evation classes (Table 2.1) in the Brindabella Ranges after Cary

(1998)
Mean elevation is 1,189 m, 80% of slopes are less than 20° and east

and west aspects predominate.

50 km.h ' Monthly mean daily drought factor, calculated using the
soil dryness index of Mount (1972), has a maximum in autumn and a
minimum in spring (Figure 2.5.¢). This follows from the use of differ-
ent evapo-transpiration tables between spring and autumn to account
for the effect of soil temperature inertia on soil dryness (Table A.2).
These variables combine to give a clear maximum FFDI in January
with an asymmetry towards autumn (Figure 2.5.f).

Wind from the north-west dominates the wind direction. These
winds come from the inland, are drier and occur more frequently dur-
ing summer months. As a consequence, fire runs from the north-west
are common (Figure 2.6), cutting diagonally across the predominantly
cast-west aspect of the Brindabella Ranges (Figure 2.3.c). As noted,
one of the topics examined in the present study is spatial represent-



2.3 CLIMATE
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Figure 2.5: Daily values (averaged over the month) of precipitation, temper-
ature, wind speed, relative humidity and drought factor
Forest Fire Danger Index are monthly means of 3pm values (McAr-
thur 1973). All data was recorded at Canberra Airport (1985-2011)
and (1939-2011) (Elv.: 577 m, Lat. -35.31, Lon. 149.2). Humidity is
measured at the time of daily maximum temperature. Drought factor
is calculated using the Soil Dryness Index of Mount (1972).
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40 DATA REQUIREMENTS: TERRAIN, VEGETATION, WEATHER AND REFPLICATION

(a) (b)

Figure 2.10: A fractal landscape derived from multi-scale standard devi-
ations in elevations of the Brindabella Ranges
The fractal map (b) was created using the mid-point displacement
algorithm (Saupe, 1991), parameterized with multi-scale standard
deviations derived from semivariogram analysis of the Brindabella
Ranges

in fractal algorithms (Prof M. Barnsley, ANU), and although his group
considered it an important problem, no solutions were forthcoming.
Due to the time constraints of this study, other approaches that gen-
erate drainage systems were not pursued.
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Figure 2.11: Density distributions of aspect for observed and synthetic land-
scapes
Density distributions of aspect for an area of 2,500 km?Z of the
Brindabella ranges ACT (black line) and a fractal landscape gen-
erated using the mid-point displacement method of Saupe (1991)
(dotted line).
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FIREMESH:

LB

10

Length to breadth ratio of 19 North American fires

ITS ORIGINS IN FIRESCAPE AND SUBSEQUENT MODIFICATIONS
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Figure 3.5: Length-to-breadth ratio observations of 19 North American fires

in standing timber

AX is the model fitted byAlexander (1985) (Equation 3.1) and CF is
the relevant Canadian Forest Fire Predictions System (Hirsch, 1996)

(Equation 3.2).



























3.3 CONCLUDING REMARKS

3:3 CONCLUDING REMARKS

As noted, in FIREMESH, the simulated fire front propagates along
edges between vertices and the position of the fire front along these
edges is recorded as a continuous variable. Thus the extent of the
fire perimeter is recorded precisely at any one moment in time (Fig-
ure 3.12). Edges can burn from both ends and therefore fire shapes

Figure 3.12: Isochrones (lines connecting points on the fireline at equal
times) showing the updated position of the fire front at half-
hourly intervals
The pattern of densely and sparely arranged isochrones shows the
waxing and waning of fire conditions over the diurnal cycle

can emerge that leave unburnt islands within main fire perimeter (Fig-
ure 3.13). This approach gives the maximum accuracy in fire shapes
that is possible within the constraints of discrete geometries. Meth-
ods for calculating the area of the final fire footprint are discussed in
the next chapter. Fire heterogeneity is quantified as the variability in
fireline intensities as discussed in Section 2.5 (Figure 3.14). The rate at
which weather data is read (time step) can be any resolution, limited
only by the resolution of the input data unless interpolation is used
(Figure 3.15).

The resolution at which weather data is read can vary during a sim-
ulation. Space can be made discrete with any arrangement of vertices
and edges (Figure 3.1, Figure 3.14).
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Figure 3.13: Polygons outlining bumt areas, including unbumnt islands left
behind after the passage of the fire front

Figure 3.14: Three magnifications of the same simulated fire showing the
heterogeneity of conditions over the course of the fire
Colours are indicative of fireline intensity (dark blue: 100 kW.m ',
red: 5,000 kW.m '). The width of the image on the left is 50 km
The magnification of the right-hand image is sufficient to resolve
the one hectare resolution mesh on which the fire is spreading. This
mesh is a Delaunay triangulation of a Poisson-Disk distribution of
vertices



3.3 CONCLUDING REMARKS

() (b)

Figure 3.15: Simulated fires burning at two different time steps
The two time steps are (a) one hour and (b) three hours. Alternating
colours mark time steps

Figure 3.16: A simulated fire spreading over a Delaunay mesh triangulation
with an irregular displacement of vertices
The vertices are concentrated around regions where rates of change
in the slope of the underlying digital elevation model (DEM) is
greatest. The DEM (grey) above is for display purposes only and

has a resolution of nine hectares. The DEM that determines the el-

evation of each vertex is a much finer and has a resolution of 0.04
hectares.












4.1 TEMPORAL AND SPATIAL RESOLUTION
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Figure 4.1: Changes in Ry, at three different time steps on two days of con-
trasting fire danger
Half-hourly weather was recorded at Canberra Airport (Chapter 2). Ry,
is produced by the equations used in FIREMESH, using a fuel load of
125 t.ha '. Ry at 0.5 h time step (dotted line) is superimposed on
each chart for easy comparison with coarser resolutions. The legend
in each chart shows the distance travelled by fire in a 24-hour period
at each resolution (sum of the grey areas).
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EXAMINING THE OPTIMAL USE OF TEMPORAL AND SPATIAL DATA

and larger image processing than is possible with the original imple-
mentation.

METHOD Creating a mesh with an even Poisson-Disk distribution
is a particular case of creating one with an uneven distribution but
derived from a monotone image. CDT works as follows. An image
is chosen and a fixed number of points randomly generated within
its extent. A TIN is created by application of a Delaunay Triangula-
tion algorithm (Barber et al., 1996). The sum of all pixel values within
each triangle is calculated, taking area weighted account of pixels
that are not fully contained within the triangle boundary. This is
termed the capacity of the triangle. The algorithm iterates over the
vertex points and adjusts the position of each so that all triangles
formed with its immediate neighbours have the same capacity. This
repeats until the change in variance of the capacity is below some
threshold (Figure 4.7) (for more details see Xu et al. 2011). The points

—— change in variance (log)
---- Threshold for re-triangulation
(}l -
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Figure 4.7: Mesh  minimum energy produced using the Capacity-
Constrained Delaunay Triangulation method (Xu et al. 2011) The
solid line is the difference in the variance of triangle capacity (the sum
of pixel values with each triangle). The dotted line is the threshold
where change is sufficiently small as to require re-triangulation. After
each re-triangulation, the mesh energy is higher until vertex positions
are re-adjusted to minimize capacity variance.

are then re-triangulated and the process repeated until the rate of
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(b) Slope

(¢) Ry, (d) AR, /AS

Figure 4.9: Four surfaces depicting the steps involved in creating a surface
of the rate of change in the rate of spread of a head fire
(a) Is a DEM of the Brindabella Ranges;
(b) Is the derivative of (a), the maximum slope at each location;
(c) is the change in rate of spread as a function of (b): and
(d) Is the derivative of (c). the rate of change in the rate of spread

as a function of slope
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MODEL VERIFICATION

| \
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a) b)

Figure 5.8: Inherent error arising if area is calculated using mesh length tra-
versed
The bold black line indicates the mesh length traversed by a simulated
fire. If the area of the entire figure is 4 units, it follows that the
intended fire area in both a) the bold black square and b) the red
dotted square, is 1 unit. To total length of all edges in a) and b) is 12
units. The area of the central vertex is 1. The area of each vertex on
the mid-point of each side is § while the area of each comer vertex
is 1- Therefore by method:
n)a)—l-w~~';xg<4><% }—l
i) a) = Ty x4 = '} and in b) =
iii) 3) = 23 and b) = 1; and
iv) a) =1, and b) = §.

with eight edges (vertices in the centre of octagons in Figure 5.10).
This has not been pursued because to do so would mix scales, as
does choosing more than eight neighbours (Perera et al., 2008), and
confound the aims of this study.
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Figure 5.9: Complex polygon surrounding the fire perimeter of an 8 neigh-
bour
Accuracy of the area of the fire footprint increases as either fire size
or resolution increases. Ambiguity as to the location of the most likely
position of the fire perimeter arises where partially burnt edges over-
lap.

Figure 5.10: A tessellation of space using a combination of octagons and
squares (black)
Every tessellation uniquely defines a duel. The duel of this tessellation
is a mesh with a combination of 4 and 8 neighbours. This is the only
possible way that an N-8 mesh can be modified to prevent edges
between vertices from overlapping. However, it follows that the mesh
no longer represents locations of equal areas.









106 MODEL VERIFICATION

(b) gha.; N-4

(c) 4ha.; N-6 (d) gha.; N-6

(e) 4ha.; N-8 (f) gha.; N-8

Figure 5.12: Polygons placed around the perimeter of circular fires on 4, 6
and 8 neighbour meshes
On N-4 meshes polygons always have straight edges. On N-6 and
N-8 meshes, the regularity varies with the resolution and simulated
fire size.



54 MEASURING AREA
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Figure 5.13: Comparison of two methods of calculating area of fire foot
prints on five mesh configurations
The mesh configurations are regular 4, 6 and 8 neighbours and irreg-
ular triangular networks (even and uneven distribution of vertices).
Method (ii) is the proportion of the mesh travelled by fire divided
by the total mesh area. Method (iv) is calculated as the area of a
polygon surrounding the fire perimeter. There are 5,000 simulations
using time steps of 0.5, 1.5 and 3 hours and spatial resolutions of
100, 200 and 300 meters. The outliers are fire areas where the poly-
gon algorithm failed to correctly mark the perimeter of fires on four
neighbour meshes and one occasion for a fire on an eight neighbour
mesh. As noted in the text, the polygon method was not found to be
the preferred method for area measurement and solutions to these
algorithmic errors were not pursued.
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Figure 5.16: Comparison of fire shapes arising on a TIN mesh using the
equations Ry, from the FFMD
Weather variables are those listed in Table 5.1. The shape of an
ellipse under the same conditions (using the L:B of Alexander 1985)
is superimposed. Fire duration is 12 hours. The alternating grey and
dark grey bands indicate the three hour time steps.
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MODEL VERIFICATION

Figure 5.19: Slope and wind speed relationship on a regular N-8 mesh

In this figure elevation increases down the page. Wind speeds (in-
creasing from right to left) are 0 to 30 kim.h ' Fire conditions are
otherwise those of Table 5.1. An ellipse, unaffected by slope but af-
fected by wind speed, is superimposed for comparison and context.
The rate of spread is modified by Equation 3.9 derived from McCaw
et al. (2008). The alternating grey and dark grey bands indicate the
three hour time steps.






























126 MODEL VERIFICATION

viii The response of the model over elevation agrees with its spe-
cifications (Figure 5.22).

ix The change in simulated fire shape on sloping ground agrees
with its specifications (Figure 5.23).



























6.2 VALIDATION
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Figure 6.3: Patterns of inter-fire intervals produced by the original version
of FIRESCAPE (courtesy GJ Cary)
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MODEL AND DATA VALIDATION
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Figure 6.4: Patterns of mean fireline intensity produced by theoriginal ver-
sion of FIRESCAPE (courtesy GJ Cary)



6.2 VALIDATION

ature lapse rates (Figure 2.8), which will lead to a proportion of fires
failing to extinguish overnight.

The spatial pattern of IFI accords with that of FIRESCAPE in that
all versions of FM show the same rank order of IFls by landform
classification. This is the core behaviour that FM must demonstrate
for the purposes of the current study.

Inter-fire interval by topographic position

I

o

)
&0
20
" BHdge top Mupper dope B mid dope @ upland valley
Firnscape FAAF My

i
Figure 6.5: Average inter-fire intervals for FIRESCAPE and FIREMESH in

four landform classifications

Classification is made using the Landform 7 method (Gallant and
Dowling 2003).
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6.2 VALIDATION

6.2.3.2 Intensity

Spatial data of average fireline intensity produced from a 1,000 year
simulation by FIRESCAPE (Courtesy G] Cary) was compared to sim-
ilar outputs from FMF, FMM and FMV. Data was again extracted
for a goo km? area within the study site to minimise edge effects. The
average fireline intensity was classified by slope as a proportion of av-
erage fireline intensity for fires on flat terrain. This was to reduce any
effect there may be from only particular intensities of fires entering
this area from the larger landscape used by FIRESCAPE. The slope
classes were limited to 20° as samples of intensities of steeper slopes
were few and the average value unreliable. All four models show the
same correlation with slope (Figure 6.7). The correlation (r?) between
change in fireline intensity by slope class for FIRESCAPE and all vari-
ation of FIREMESH were greater than 0.9.

The maximum fireline intensity for FMF (56,000 kW.m ') was con-
siderably higher than FMM (22,500 kW.m '). This is consistent with
the restrictions of the domain of equation of slope (Section 5.7) des-
pite the observed weather data producing larger fires (Figure 6.6).
Fireline intensity produced by FMV is much greater than either FMF
or FMM (111,000 kW.m ). This follows from modification to rates
of spread in this version of FM (Figure 3.10) where rates of spread un-
der high wind speeds (50 km.h ') can increase by more than twice
those predicted by the FFDM (McArthur, 1973; McCaw ¢! al., 2008).

The patterns of intensity produced by FM accord with those of
FIRESCAPE in associating areas of high intensity with slope. The
spatial correlation between slope and fireline intensity over long sim-
ulations is a key property to ensure FM behaves in the same way as
FIRESCAPE.
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Figure 6.7: Relative change in average fireline intensity by slope class
Slope classes greater than 20° have insufficient samples to provide
reliable average fireline intensities (<10).
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MODEL AND DATA VALIDATION

Table 6.2: Experimental design after Cary et al. (2006)

FACTOR LEVELS DESCIPTION

Terrain Three Mountainous: o-2,50om elevation range;
30° maximum slope
Rolling: 625-1,875m elevation range; 15°
maximum slope
Flat: 1,250m elevation; o° slope

Fuel pattern Two Fine: 25 ha. square patches of fuel ages in
initial landscape
Coarse: 625 ha. square patches of fuel ages
in initial landscape

Weather Ten 10 distinct years of daily weather re-
flecting observed variability in mean an-
nual temperature and precipitation in ob-
served weather record for each year.

Climate Three Observed: Historical climate for each loca-
tion
Warmer/Wetter: Historical +3.6° C; +20
percent precipitation
Warmer/Drier: Historical +3.6° C; -20 per-
cent precipitation

et al. (2006) whereby variance explained by each of the factors and
their interactions was examined in an analysis of variance (ANOVA).
Single factors that explained more the 5% of the variance were noted
as important as were factor interactions explaining more than 2.5%.
Further details of the experimental design can be found in Cary et al.
(2006) Reasons for using a lower threshold of importance for factor in-
teractions were not stated in Cary et al. (2006), but the same approach
is used here for consistency.
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MODEL AND DATA VALIDATION
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Figure 6.12: Differences and similarities between FIRESCAPE and FIRE-

MESH in determining ignition rates and the response of In-
transformed area burnt to climate and terrain treatments

a) Comparison of Relative Sums of Squares attributed to different
sources of variation in the comparison of the number of lightning
strikes to terrain (TR), fuel pattern (FP), climate (CL) and weather
factors (W), and their interactions (original experimental data for
FIRESCAPE courtesy GJ. Cary). Relative Sums of Squares for factors
and factor interactions that are less than 5 and 2.5% respectively, are
considered unimportant and shown in brackets. Factors and factor
interactions which were not significant (p < 0.05), are not shown.
b) Average In-transformed area burnt for the three levels of Climate
treatment for FIRESCAPE and FMF. NN is the observed weather,
WW, is warmer-wetter and WD is warmer-drier (see Table 6.4).

c) Average In-transformed area burnt for three levels of Terrain treat-
ment. for FIRESCAPE and FMF. Both FIREMESH and FMF are
driven by synthetically generated weather.
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MODEL AND DATA VALIDATION
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Figure 6.13: Changes in In-transformed area burnt over treatment levels for
Climate, Terrain and Weather for two variants of FIREMESH
FMM (observed weather), and FMV (observed weather with modi-
fications to rates of fire spread)
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Cary et al. 2006 (FMM and FMV as a source of
variations)
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Figure 6.14: Relative Sums of Squares attributed to different sources of vari-
ation in the comparison of sensitivity of In-transformed area
bumt to terrain (TR), fuel pattern (FP), climate (CL), weather
(W) and model (red bar) (MD) factors and their interactions
The model factor has two levels, FMM and FMV. Factor interactions
are minor and not shown.
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Figure 6.15: Relative Sums of Squares attributed to different sources of vari-
ation in the comparison of sensitivity of the proportion of area
burnt at fireline intensity > 3,000 kW.m ! to terrain (TR), fuel
pattern (FP), climate (CL) and weather factors (W), and their

interactions

Results are shown for (a) FMF (synthetic weather), (b) FMM (ob-
served weather), and (c) FMV (observed weather with modifications
to rates of fire spread). Relative Sums of Squares for factors and
factor interactions that are less than 5 and 2.5% respectively, are
considered unimportant and shown in brackets. Factors and factor
interactions which were not significant (p < 0.05), are not shown.









MODEL AND DATA VALIDATION

Table 6.4: Experimental design after Cary et al. (2009)

FACTOR

LEVELS

DESCRIPTION

Weather  Ten

Ignition ~ Four
mngt

effort

Fuel Three
mngt

approach

Fuel Four
mngt

effort

Ten distinct years of daily weather reflecting
observed variability in mean annual temper-
ature and precipitation in observed weather
record for each location

Zero: 0% ignitions prevented

Low: 25% ignitions prevented

Mod: 50% ignitions prevented

High: 75% ignitions prevented

Random (R) Edge (E) Buffer (B)
treatment treatment treatment

i N ]
]
". 1-&
-

r -"'{az
AP

Zero: 0% of landscape treated

Low: 10% treated (R); 100 m (B); 50 m (E)
Mod: 20% treated (R); 200 m (B); 100 m (E)
High: 30% treated (R); 300 m (B); 150 m (E)
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greater than five. It could be supposed that the algorithm should treat
older fuels in preference to younger fuels. However, this will cause an
enhanced edge effect because fuel on the edges of the map is usually
the oldest and would be chosen in preference.

In general, this treatment was intended to be simple and transpar-
ent and did test management approaches as was done by Cary ¢f al.
(2009) and Bradstock et al. (2012). All fuel treatments take place sim-
ultaneously in mid-winter. There are three treatments levels: 0%, 3%
and 6% of the landscape treated annually with 625 ha. block sizes at
locations randomly selected every year and a minimum fire return
interval of five years (Figure 7.2).

Figure 7.2: Examples of random 625 ha. block fuel treatments

On the left, 3% of the landscape is treated annually. In this example,
a recent unplanned fire in the top right-hand quadrant, has preven-
ted treatment in this area concentrating treatment to the remaining
quadrants. On the right, 6% of the landscape is treated annually. The
fading pattern of treatments from previous years are visible as fuel
loads increase over time. 30% of the landscape is treated within any
5 year period.

7.3 DATA ANALYIS

The fire regime components of frequency, intensity and seasonality
were analysed by variance explained (r?) determined by three fully
factorial ANOVAs using the base library of R (R core team 2014). The
studies of Cary et al. (2006, 2009) were single year experiments and
results analyzed in terms of total area burnt. As noted, the experi-
ments in this chapter use vegetation dynamics and average inter-fire
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a) Area burnt b) Frequency
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Figure 7.3: Distribution of the residuals of key measures of FIREMESH
model outputs
The distribution of residuals of (a) In-transformed area burnt and (b)
its reciprocal, In- transformed average inter-fire interval (In-AVIFI).
Average fireline intensity (c) (AVINT) and (d) the average for all
locations of the proportion of fires occurring during summer (PSUM)
do not require transformation.
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Table 7.1: Experimental design for a factorial experiment to measure the im-
portance of spatio-temporal resolution against published experi-
mental factors in fire regime simulation modelling

FACTOR  LEVELS DESCIPTION

Climate  Three  Observed: Historical climate
Warmer/Wetter: Historical +3.6°C; +20% pre-
cipitation
Warmer/Drier: Historical +3.6°C; -20% pre-
cipitation

Ignition  Three  Zero: 0% ignitions prevented

mngt Maod: 35.7% ignitions prevented

effort High: 75% ignitions prevented

Fuel Three  Zero% pa.  3%pa. 6% pa.

mngt treatment treatment treatment

effort

Temporal Three 0.5 hour 1.5 hour

resolution

Spatial Three

resolution

7.4.2 Results

As expected from the previous discussion (sections 6.3.1.4 and 6.3.2.4),
the total variance explained by all factors and their interactions was
far greater for In-AVIFI (91%) compared to 59 and 30% for AVINT
and PSUM respectively (Figure 7.4). Therefore, AVINT and PSUM
will be less informative response variables of the importance of the
experimental treatments.
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avoid aliasing effects with the diurnal cycle. The slope of this linear
relationship provides a way of scaling across temporal resolution for
any similarly constructed fire simulator that determines the time of
extinguishment at each time step (Figure 7.9).

With this range of temporal resolution, and assuming much of the
error is a result of exceeding the moment when a fire would extin-
guish, the threshold of extinguishment may be an appropriate para-
meter with which to calibrate temporal resolution if even coarser res-
olutions were required.

IME 75%
IME 37.5%
IME 0%
FME 6%

FME 3%[

FME 0%
CL WD
CL ww

Treatment

CLOB

TG3h
TG 1.5
TG05h
SG 9 ha
SG 4 ha
SG 1 ha

Number of fires

Average fire duration

[] 840.7) IME 75%{:1 6.2(0.141)
[ ]204006) IME 37. 5%: 6.04(0.048)
:] 320(0.9) IME 0%:] 5.84(0.049)
197(0.7) T ] 5.66(0.123)
FME 3%_ 6(0.089)

] g FME 0% [ ] 6.42(0-091)
] 213(06) g CLWD 7.51(0.12)
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Figure 7.8: Changes in the number of fires (successful ignition per 1,000
years) and the average fire duration (days)
Experimental factors are spatial grain (SG), temporal grain (TG), cli-
mate (CL), fuel management effort (FME) and ignition management
effort (IME).
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Figure 7.12: Fire size density distributions for each of five treatments and

five replicates in experiment 1












194

RELATIVE IMPORTANCE OF SPATIO-TEMPORAL RESOLUTION

model experiments depending on what may be somewhat arbitrary
choices of temporal and spatial resolution made by modellers? This
question has not been directly addressed before and this experiment
supports the view that these decisions are relatively unimportant in
understanding what drives area burnt.

S

(a) 1 ha;o5h (b) 4 ha; 0.5 h (c)gha;05h
(d) 1 ha;1.5h (e) 4ha; 1.5h (f)gha; 1.5 h
(g) 1ha;3.0h (h) 4 ha; 3.0h (i) 9 ha; 3.0h

Figure 7.15: Nine simulated fires burning under identical weather, fuel and
terrain conditions with different combinations of temporal and
spatial resolution
Spatial resolutions (AS) are one, four and nine hectares. Temporal
resolutions (AT) are 0.5, 1.5 and 3 hour time steps. Weather data
is from Canberra Airport. Ignition time is 12 midday, 10th January
1991.

At the same time, both spatial and temporal resolution do cause
some systematic change in estimated fire frequency. Spatial resolu-
tion has a larger effect (in mountainous landscapes) and has very
significant consequences for computational effort. However, there ap-
pears no simple way of reducing such sensitivity to spatial and tem-















8.1 MyYPOTHESIS (11): RELATIVE IMPORTANCE OF NEIGHBOURHOOD NUMBER

Table 8.1: Experimental design for a factorial experiment to measure the
importance of neighbourhood number against published experi-
mental factors in fire regime simulation modelling

FACTOR LEVELS DESCIPTION

Climate Three Observed: Historical climate
Warmer/Wetter:  Historical +3.6°C;
+20% precipitation
Warmer/Drier: Historical +3.6°C; -20%

precipitation
Ignition mngt ~ Three  Zero: 0% ignitions prevented
effort Mod: 35.7"% ignitions prevented
High: 75% ignitions prevented
Fuel mngt Three  Zero% pa. Zero% pa. Zero% p.a.
effort treatment  treatment treatment

w w.
N-4 N-6
\ :
AR

portant and CL less so between the N-4 and N-6 arrangements (Fig-
ure 8.2). No change in rank order occured between N-6 and N-8 sim-
ulations. Changes in untransformed AVIFI over treatment levels were
monotonic and non-linear for all important factors (>5% of variance
explained) (Figure 8.3).

Neighbourhood Three
Number

INTENSITY (AVINT) Variance explained in the average fireline in-
tensity (AVINT) showed NN to be the most important factor (11%)
followed by CL (10%) and FME (6%) (Figure 8.1.b). Values of AVINT
show the N-4 neighbour configuration to have the lowest mean in-
tensity (Figure 8.3.b).

SEASONALITY (Psum)  Variance explained in the proportion of un-
planned fires that occur in summer (PSUM) showed both CL and NN
to be unimportant and the total variance explained by all factors for
PSUM was 1/3 that of In-AVIFI (Figure 8.1.c). It can be assumed that

199
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Ln-AVIFI (resolution: 0.5h; 1ha.)

a)  NN(N-4) b)  NN(N-6) c)  NN(N-8)

MODELI:] = MODELS E MODEL: -

g g g
= >
3 ‘2_ g cume 19:069)
s 2 e
S ) s
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IMED e IMED s IMEE -
FME[I (0.032) mgl (0.014) FMEI (0.015)
CLD i CLD e CLD s
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relative var. explained relative var. explained relative var. explained

Figure 8.2: Relative Sums of Squares attributed to different sources of vari-
ation in the comparison of sensitivity of In-transformed average
inter-fire interval (In-AVIFI). Sources of variation are: climate
(CL), fuel management effort (FME) and ignition management
effort (IME), analysed separately for each neighourhood number
Relative Sums of Squares and their interactions are shown in brack-
ets if they are significant (p<0.05) and explain less than 6.67% and
3.33% respectively. Factors and interaction which are not significant
are left blank. Each of (a) to (c) is a separate analysis for each spatial
arrangement of number of edges between neighbours: (a) 4 neigh-
bours, (b) 6 neighbours and (c) 8 neighbours. Each experiment was
run at the same temporal and spatial resolution (0.5 hours and 100
meter cell width respectively).
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Figure 8.3: Changes over treatment levels in (a) average inter-fire interval
(AVIFI) (years), (b) average fireline intensity (kW.m 1) and (c)
the proportion of area burnt in summer
Experimental factors are spatial representation (SR) (4, 6 and 8 neigh-

bours), climate (CL), fuel management effort (FME) and ignition
management effort (IME).





















8.2 HYroTHESIS (111): IMPORTANCE OF REGULAR/IRREGULAR SPATIAL REPRESENTATION

Table 8.2: Experimental design for a factorial experiment to measure the im-
portance of sregular/irregular spatial representation against pub-
lished experimental factors in fire regime simulation modelling

FACTOR LEVELS DESCIPTION

Climate Three  Observed: Historical climate
Warmer/Wetter:  Historical — +3.6°C;
+20% precipitation
Warmer/Drier: Historical +3.6°C; -20%

precipitation
Ignition mngt  Three  Zero: 0% ignitions prevented
effort Mod: 35.7% ignitions prevented
High: 75% ignitions prevented
Fuel mngt Three  Zero% p.a. Zero% pa. Zero% pa.
effort treatment  treatment  treatment

Spatial Three  N-8 TIN

Representation

FREQUENCY (LN-AvIFl) SR and FME were unimportant (< 5%

in explaining partitioned variance in In-AVIFI, while IME was the
most important factor (58%) followed by CL (28%) (Figure 8.8.a), the
same order as in previous experiments. When the two forms of spa-
tial representation were analysed separately, there was at most a 1%
difference in any of the factors in variance explained and no change
in their rank order (Figure 8.9). A higher AVIFI was produced by the
TIN representation (less area burnt) than the regular mesh. All other
factors showed a monotonic change with treatment level as was the
case with the previous experiments (Figure 8.10).

INTENSITY (AVINT) SR and FME were the only important factors
in explaining variance in AVINT (21% and 6% respectively). CL was
unimportant (2%) (Figure 8.8.b). Changes over treatment levels in
AVINT indicate space represented by the TIN mesh produced higher
intensities than REGS mesh (Figure 8.10.b).

209
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SEASONALITY (Psum) Seasonality showed only the climate treat-
ment was important (8%) (Figure 8.8.c) and that the TIN mesh had
a greater proportion of area burnt in summer than the REG mesh
(Figure Figure 8.10.c).

b Intensit c) Seasonality
a) F(rﬁ u\ﬁgﬁy ) (AVINT)y (PSUM)

vooe [N o5 wooeu [T o4 oo [[] 026

factors (p<0.05)
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oI o |
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factors (p<0.05)
e — e ——— e . e ey o e T

FMEI (0.017) FME[] 0.057
CLI:I 0.284 CLI (0.02) CL[] 0.083
0.0 04 08 0.0 04 0.8 0.0 0.4 0.8
relative var. explained relative var. explained relative var. explained

Figure 8.8: Relative Sums of Squares attributed to different sources of vari-

ation in the comparison of sensitivity of (a) In-transformed aver-
age inter- fire interval (In-AVIFI) and (b) average fireline intensity
(AVINT). Sources of variation are: climate (CL), fuel management
effort (FME), ignition management effort (IME) and spatial rep-
resentation (SR)
Relative Sums of Squares and their interactions are shown in brackets
if they are significant (p<0.05) and explain less than 5% and 2.5%
respectively. Factors and interaction which are not significant are left
blank. Each experiment was run at the same temporal and spatial
resolution (0.5 hour and 1 hectare).
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Figure 8.10: Changes over treatment levels in (a) average inter-fire interval
(AVIFI) (years), (b) average fireline intensity xW.m 1) and (c)
the proportion of area burnt in summer (PSUM
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Simulated fire size distributions

resolution[0.5h:100m]
3 4 — REG
5 —

Density
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Figure 8.11: Fire size density distributions (log scale) for spatial representa-
tions using a regular eight-neighbour mesh (REG) and a mesh
composed of a Triangular Irregular Network of vertices with a
Poisson-Disk distribution

calibration (Chapter 4), for the purpose to which it has been used
here, it is otherwise equivalent to an N-8 regular mesh. What mitig-
ates against it use is the added complexity of the software needed to
prepare and run simulations on a mesh compared to a regular raster

grid.
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Simulation efficency
Regular (N-8) and TIN spatial representation
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|
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Figure 8.12: The simulation efficiency (area burnt kmZ.s~ ! burnt in silico) for
spatial representations using a regular eight-neighbour mesh
(REG) and a mesh composed of a triangular irregular network
of vertices with a Poisson-Disk distribution with six neighbours
on average






8.3 HYPOTHESIS (1V): OPTIMAL SAMPLING OF SPACE USING A PRIOR ADAPTED MESH

erwise identical to the three previous experiments and is summarized
in Table 8.3.

Table 8.3: Experimental design for a factorial experiment to measure the im-
portance of optimal vertex placement against published experi-
mental factors in fire regime simulation modelling

FACTOR LEVELS DESCIPTION

Climate Three  Observed: Historical climate
Warmer/Wetter:  Historical +3.6°C;
+20% precipitation
Warmer/Drier: Historical +3.6°C; -20%

precipitation
Ignition mngt  Three  Zero: 0% ignitions prevented
effort Mod: 35.7% ignitions prevented
High: 75% ignitions prevented
Fuel mngt Three  Zero% p.a. Zero% pa. Zero% pa.
effort treatment  treatment  treatment

Spatial Three
Representation R -
Temporal Three  One hectare cell area
resolution Four hectare cell arca
Nine hectare cell area
8.3.3 Results

The slope of the curve describing the response of the fire simulation
to spatial resolution was not significantly changed over the spatial
domain of this experiment (Figure 8.13) and variance explained by
SR in In-AVIFI was unimportant (< 5%) (Figure 8.14). Furthermore, a
within-SR analysis showed no change in the importance of variance
explained in In-AVIFI for any of the factors (Figure 8.15). The reduc-
tion in area burnt for simulations on both mesh types between 100
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SYNTHESIS AND FUTURE DIRECTIONS

236

Domain Models
{Knowledge used 10 suppor the speciication of Simulations)

Figure g.1: Proposed workflow for rapid model development currently un-

der development (courtesy S. Flint)
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