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Abstract: This poster explores and presents the effects of adding a random aperture to the wind
vector in each cell of the grid in which a fire spread simulation takes place. These effects are
analysed trying to present a possible link between the geometric shapes of fire front obtained in
the laboratory and the irregular ones observed in the field, even under quasi-uniform spread
conditions, although no forma demonstration is given. Second, the poster presents a brief
discussion on how this local unpredictability could change the final shape and position of the fire
front according to the complexity degree of terrain, fuel and other factors affecting the fire spread.
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1. Introduction

Observation and experimentation show that forest fires frequently present a quasi-
erratic behaviour of the local wind vector direction (WDIR) within the vicinity of flame
front, which is caused by a number of factors and involved phenomena, among them the
atmospheric instability and the fire convection component. This aspect of the fire behaviour
is difficult to predict due to the inherent complexity of the flame-atmosphere interaction,
but, in the other side, it can have a determinant role in the final shape and position of fire
front.

To visually explore and characterise the possible effects of randomness of wind
vector in the final shape and size of fire propagation, a very simplistic approach has been
followed in the present exercise. To achieve this, a new functionality has been added to the
TECNOMA's Fire Spread Engine (FSE). Thisis called WRAN, from ‘random wind vector’
and has an associated parameter, the ‘wind vector aperture’  expressed in degrees. This
aperture defines a minimum (WDIR- ) and a maximum (WDIR + ) value between which
the wind vector direction WDIR oscillates according to a random function. The result is the
semi-controlled distortion of the wind field governing the fire spread, dlightly different in
each simulation run (Fig. 1).

/ / / / / — / / / — Fig. 1. The field of wind vectors governing
the fire spread is distorted in each point by
/ / / / / / — / / /' adding or subtracting a value between 0° and
the maximum wind vector aperture . In the
figure, a wuniform distribution (left) is
/ / / / / / / / / / converted in a heterogeneous vector field
/' /' /' /' /' / /' /' /' /v (right), although following a general
component to a degree that is function of the
/v /v /v / / - / /‘ | selected aperture (in thiscase =45°).




The objective of this paper is to present and characterise some effects in the shape
and size of simulated fire perimeters that this WRAN functionality has helped to discover.
Although some interesting conclusions are drawn, no forma demonstration is given yet,
which will be the objective of further analytical work. Instead, a number of observations
and examples are presented to raise the interest of researchersin this subject.

2. Thebasic shape of fire spread under uniform, constant conditions

Thanks to the experimental fires of GESTOSA, carried out by LEIF-ADAI in
Portugal, and the observations made by the same team in the laboratory (Viegas, 2000) it
has been possible to observe and understand the shape and size of the fire perimeter both,
under controlled, uniform conditions in the laboratory and under changing conditions in the
open. However, it has always been a matter of the author’s curiosity to discover if thereisa
relationship between the amost-geometrical shapes, sometimes with straight lines and
frequently forming triangular-like shapes due to the fire front rotation (Viegas, 2002), and
the elliptical-like shapes of forest fires developed in the open under amost-uniform
conditions (Richards, 1993 and 1995).

More specificaly, the interest of this research is to discover why while in the
|aboratory the obtained shapes provide frequently the maximum spread width ailmost in the
same line of the starting point, perpendicular to the direction of maximum spread, while in
the field this width is obtained at a distance ahead of the focus (starting point). This
consideration also entails that the tangent lines at the level of the starting point are parallel
in the laboratory while in the field it seems to form an open angle. In light of this, and in
order to explore this possible connection, this exercise took as basic spread shape the
double-ellipse that best adjusted to the shape found in the laboratory experiments (Fig. 2).

v

Fig. 2. Basic shape (left) formed by two semi-ellipses with
a common axis (Rate0), a front axis (XRATE) and a back
axis (RBACK) obtained by calculating the no-slope, no-
wind speed, the front speed and the back speed of fire. It
is evident that, for this shape, the maximum width is
obtained in the line perpendicular to the starting point.
For this, the lines tangent to the perimeter are parallel to
the maximum spread axis. Sometimes an equivalent
triangular shape (blue line) is observed in the laboratory
(right). Photo: courtesy of LEIF-ADAI.




3. Effect of the variation of the direction of maximum spread

Adding or subtracting a random value to the wind vector direction (while keeping
the same module) between 0 and the wind vector aperture , no variation in the basic shape
is expected, always under the hypothesis of no-slope and uniform fuel. Instead just a
change in the direction of maximum spread is observed. Although the immediate
conclusion could be that the main spread vector should be multiplied by the cosine of the
applied angle, the effect of variation of the spread distribution is a bit more complicated. In
fact (Fig. 3), for a given origin O, any vector forming an angle of  with the direction of
maximum spread XDIR is pointing to a speed value represented by the vector =OP in the
first case, and ‘=OP’ inthe modified (slightly turned spread law) case (Fig. 3).

For agiven aperture, it seems interesting to
obtain the difference between the two vector
modules, that is = ‘-, for al values of from
0° to 360°, thus having an idea of the effect and
importance of such dlight turn in the resulting
modification. In light of Fig. 3, it is expected to
have an area in which the first (unchanged) shape
will have more influence (blue shadowing), a
point in which there is no modification, and a
second area in which the effect of the modified
(turned) shape is more patent (red shadowing).

A complete calculation is provided for the
maximum apertures of +45° and +90° (no more
than £90° is ssimulated in FSE) and the results are
presented in the graphs of Fig. 4b and Fig. 5b. In
them it is possible to identify that, aong the line
of maximum spread of the unaffected shape, the
effect is of negative sense, shortening the resulting
spread law. Also that along the new spread
direction the increment is positive and has its
maximum value. But is even more interesting to
see that in the lower part and the section opposite
of the new axis the effect is almost null (following
the circle of 0). In the Fig. 5b both the decrement
(near =0°) and the increment (near =90°) are more
dramatic, and a dlight deviation from the zero-
circleisobserved in the lower and opposite side of
the graphs. All these observations help to

Fig. 3. Left: The original spread law keeps its
size and shape when turned dlightly under no-
slope and uniform fuel. However, the vector
pointing to the perimeter changes its module
following a non-linear pattern. The blue area
corresponds to the negative (shortening)
increments, while the red one shows where is
expected a positive increment of propagation.

understand why the tangent lines which are parallel in the laboratory seem to open the angle
in the field, as the relevant modification takes place outwards and upwards the original

perimeter.
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Fig. 4. Analysis of the difference of vector modules between two spread distribution laws turned +45° one respect to
the other (a) around the whole circle, and representation of the expected effect in the propagation basic shape and its
distribution (b). Note that near 0° the effect is negative (shortening) while the maximum increment happens around the
new direction of spread. In the lower and opposite part, the difference is almost following the O circle (no change).
This distribution is consistent with the observed rotation of the lines tangent to the perimeter at the level of the focus.
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Fig. 5. Analysis of the difference of vector modules between two spread distribution laws turned +90° one respect

to the other (a) around the whole circle, and representation of the expected effect in the propagation basic shape
and its distribution (b). In this case both, the negative and positive effects are more dramatic.



4, Observed effects of random variation of maximum spread direction

Although the mere observation of Fig. 4b and Fig. 5b already provides a consistent
clue about the expected final shape of randomly modified spread laws, it is the
implementation of the method explained above in the simulation application and the
performance of severa dozens of simulations that render visual and numerical results
which can be of red interest. In fact, after many simulations, it became patent the
observation that the application of an aperture to the wind vector entails two very
immediate visible effects (Figs. 7 and 8): @) the fire spread shape widens noticeably as the
fire progresses from the initial starting point and, b) the total length, that is the fire run in
the origina dominant maximum spread direction, is decreased. These observations are
consistent to what was observed in Figs. 4b and 5b and also consistent with the idea of an
‘extra rotation of the fire front, other than that originated by convection (Viegas, 2002),
which includes the effect of the wind randomness in the vicinity of the fire perimeter.

In light of this, a first consideration could be that, despite that fire behaviour of
course should be more erratic and the width of the fire front is larger, thus having a fire
more difficult to control and suppress, it seems that this erratic wind behaviour renders
smaller fires in size, in regards of burned area and total covered distance. In the following
table, the results of several simulations (average values) are presented, for a general wind
direction of SW, wind speed of 15 km/h, fuel moisture of 3%, live fuel moisture of 60%
and fuel model number 1 and different wind aperture angles:

Aperture °© Length km Width km Length/width
0 361 5.7 0.840 6.78
20 288 3.1 0.988 3.13
45 260 2.3 1.250 1.84

For these preliminary exercises, only the horizontal components of wind are
considered, thus neither the vertical component nor the effect of fire front on the wind
vector is taken into account. Spotting is neither considered.
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Fig.7. Visible effects of the same simulation with random wind apertures of 20°, 45° and 90° under the same uniform conditions.
The final shape is shortened along its main spread axis and widened in the perpendicular one. The length/width ratio is
progressively decreased to values near to 1 (circular shape).
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Fig.8. Smulations of a fire propagation under uniform conditions (fuel NFFL model 1, no-slope) in which an aperture of 0° (a),
20° (b) and 45° (c) has been added to the wind vector. In the first case, the lines tangent to the perimeter at starting point level
keep parallel to the direction of maximum spread. In the second and third case these lines open in a divergent angle in respect to
the maximum spread. This effect, plus the decrease of the length/width ratio, finally renders ellipse-like shapes. Smulations:

courtesy of METEOLOGICA SL. - SGYM2.



5. Some examples and effect of other spread conditions variability

A man simplification in the method presented has established the no-slope
hypothesis, which is uncommon in the real world. Further analytical work has to be carried
out to identify and describe the effect of the slope and fuel changes in the modification of
the basic spread law, that is expected to change not only the direction of maximum spread
but also the size and the shape (according to the new angle, a different combination of
wind, slope and fuel must be considered).

Instead, a set of simulations carried out in real cases is presented, in which
topography and fuel changes are included (see Figs. 10, 11 and 12 in the next pages). The
preliminary observations conclude that the slope has more noticeable effect in the
shortening/widening of a randomly modified fire spread in the case of relatively low wind
speeds, what seems logical. Another observation is that, when wind speeds are high or too
high, the shortening effect is more dramatic in proportion (Fig. 11).

The simulations presented below correspond to afire risk assessment in a wildland-
urban interface in Cerro Murriano, a housing area very close to Cordoba city, in Spain. For
these ssimulations, a number of known fire starting points were selected as most feasible
according to statistics in the area. The objective was to assess the evacuation opportunities
of the population trapped by an approaching fire. The application of random wind aperture
gave more realistic-looking results, according to operational people of the fire service;
besides, it presented more problems due to the width, which clearly was reaching the
populated area in all cases. Spotting was also simulated manually, by putting new fire
outbreaks at a distance of the fire front suggested by the fire service.

Variability in the spread conditions across the terrain affected noticeably the final
shape an size of the fire, as randomness of wind vector added a degree of unpredictability
which was no so patent under more uniform conditions (dozens of simulations with random
apertures provided nearly the same size and shape of fire fronts, see Fig.9). In case of
dramatic changes of fire spread conditions within a small portion of terrain (i.e. abrupt
change of slope and/or forest fuel) increased the possibility of rendering a totally different
final shape and size of the resulting spread depending on the local subtleties of random
wind vector. For example, this could drive the fire toward a steep slope or afast fuel or not,
depending on the resulting wind vector after applying a random value. It is suggested to
study more in deep the relationship between the unpredictability of fire shape and size and
the variation of terrain conditions.

Fig. 9. Four simulations under the same conditions but with a dightly different effect of the same random
wind aperture ( =45°). Note that, in general, size and shape are roughly the same.
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Fig. 10. Smulations under real terrain and fuel conditions adding a random wind aperture of 0° (a) and 45°
(b). Note clearly the shortening and widening of the final fire shape. The variability in slope and fuel
contributes to the difference in the final shape and size of fire perimeter. In the second case (b) note how
houses (grey spots) and fast fuels (light yellow, yellow) are affected. Wind speed is 10 knvh.
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Fig. 11. The same simulation asin Fig. 10, but with stronger wind conditions (20 knvh). Observe how the width
in (b) is similar to the previous case (Fig. 10b), but length is greater, although proportionally to the non-
modified case (a) the shortening is more noticeable. In this case, fast fuelsin the sides are also affected and a
larger portion of housing and roads, while potentially creating more entrapments.
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Fig. 12. Another simulation of the same area, now wind speed is 20 kmvh and the general direction 330°. In thefirst case
(a) along and narrow fire passes quickly without affecting any house. The maximum width is achieved near the starting
point. In the second case (b) a randomwind aperture of 45° is applied, more houses are affected and the maximum width
is achieved near the main housing area. In the third case (c) a progressive rotation of +60° is added to the simulation.



6. Conclusions

The application of a random value to the wind vector in the fire spread simulation
provides atool to identify and characterise the possible effect in the final shape and size of
fire perimeter. Starting with a geometrical shape, similar to a triangle, frequent in the
controlled, uniform and constant conditions of the laboratory, it is possible to derive
ellipse-like shapes by including this random variation. A preliminary explanation is
obtained by comparing basic spread laws and the associated vectors in the whole
circumference. However, further analytical work must be carried out to formally
demonstrate this observation. Variability in the terrain seems to be a critical aspect in the
final shape and size of a fire, when combined with wind vector randomness. This aspect
also needs of further analysis and study for a complete characterisation. Given the
importance of the unpredictability of some fires and the possible relationship with the wind
vector randomness, it is suggested to continue this research line with further work on the
raised subjects.
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