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Reply to Sullivan and Cruz: Defense of a
simplified physical model
We thank Sullivan and Cruz for their thought-
ful letter (1). They raise a very important
point: an ignited strip of nitrocellulose is
not a wildfire. The two systems differ in fuel,
topography, and flame dynamics—to say
nothing of scaling; direct links between them
are difficult to draw. With this point, we agree
completely.
Our intention, however, was not to create

an experimental system that captures, in
precise physical detail, all mechanistic com-
plexities of wildfires; such a goal is, we believe,
impossible to achieve. Rather, we sought to
construct a model system that would enable
the examination of a very important—and
very specific—phenomenon relevant to wild-
fires: the transition of small, slowly burning
fires into intense feedback-stabilized fires
(2). Such simplified models are required
to study natural fires in the laboratory (3).
The literature on wildfires suggests a

mechanism of positive feedback between
fires and the atmosphere (4, 5). Spreading
fires enhance local wind speeds, which, in
turn, enhance rates of spread (here, we
simplify). We disagree with Sullivan and
Cruz (1) that positive feedback must lead
to detonation; after all, negative feedback
need not lead to extinction. Positive feed-
back has a physical limit; it generates large
fires that travel quickly at steady state until
conditions change.
The transition in our system (2) is not a

simple transition from laminar to turbu-
lent flow. The “unstructured” flame changes

its position on the nitrocellulose strip (e.g., it
moves from the top of the strip to the bottom,
and vice versa); as it does so, the flame—
through a combination of thrust and buoy-
ancy—pushes the strip in different directions.
As the strip moves, the flame encounters
“wind,” just as someone in a moving car might
encounter wind by opening a window. This
wind moves the flame, completing a feedback
loop that gives rise to rates of spread that are
faster than those of “structured” flames.
Our analysis (2) of the convective Froude

number ðFr2c Þ is distinct from analyses carried
out on other systems because our system is
distinct. The velocity of “wind” encountered
by a flame is roughly proportional to the force
that the flame exerts on the nitrocellulose; this
force, in turn, is proportional to the velocity of
gases within the flame. Although the meaning
of precise values of Fr2c (e.g., Fr2c < 1) differs
between our system and wildfires, in both
systems this number represents the relative
contribution of inertial and buoyant forces;
we use only this representation to frame our
analysis.
Our study (2) asks this question: “Do

slowly spreading fires exhibit detectable
symptoms of critical slowing down prior
to transitioning to intense, feedback-stabi-
lized fires?” In our model system, the an-
swer is “yes.” This finding is significant
because it suggests that the onset of fast-
moving, feedback-stabilized fires may have
early warning signals. As we point out in our
paper (2), future examinations of critical

slowing down in other systems (e.g., wild-
fires) will require models [e.g., coupled atmo-
sphere-fire models (6)] that more accurately
capture mechanisms of feedback specific to
those systems.
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