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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

theirregular ones observed in thefield.
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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.
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3. The original spread law keeps its size and shape when
turned dightly 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.

4. Analysis of the difference of vector modules between
two spread distribution laws turned +45° one respect to  between two spread distribution laws turned +90°
the other (a) around the whole circle, and representation  one respect to the other (a) around the whole
of the expected effect in the propagation basic shape  circle, and representation of the expected effect in
and its distribution (b). Note that near 0° the effect is  the propagation basic shape and its distribution
negative (shortening) while the maximum increment  (b). In this case both, the negative and positive
happens around the new direction of spread. In the  effects are more dramatic.

lower and opposite part, the difference is amost

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.

5. Analysis of the difference of vector modules

6. 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).

7. Simulations of a fire propagation under uniform conditions (fuel NFFL model 1, no-slope) in which an
aperture of 0° (&), 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. Simulations: courtesy of METEOLOGICA S.L. -
SIGYM2.

8. Simulations 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 km/h.

9. Another simulation of the same area, now wind speed is 20 km/h and the general direction 330°. In the
first case (a) a long and narrow fire passes quickly without affecting any house. The maximum width is
achieved near the starting point. In the second case (b) a random wind 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.

CONCLUSIONS

*The application of arandom 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.



