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OUTLINE

1. Stochastic cellular automaton of forest and fire

2. Slow and fast processes

3. Analysis: steady states & dynamics
=> emergent structure-dynamics relations



Tropical tree cover bimodality
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Stochastic cellular automaton:

fire and forest dynamics



CA FOREST AND FIRE

Square Lattice (each cell ~30mx30m) N x N (N = 100)

4 Species: Tree, Grass, Burning, Ash

Empirical facts:
* fireignites and spreads in grassland
* trees block fires but get damaged
* fast fire spread (hours-days)

* slow tree spread (years-decades)

Staver et al., 2011; 2012
Dufresne et al., 2018



CA FOREST AND FIRE

Cellular automaton:
- species: {G, T, B, A}

- reactions:

Spontaneous | Spread
cAhT |eraTr
TG |ATSTT
4B |GB’S BB
B5 A |TBZ BB
AXG

Dufresne et al., 2018
Wuyts & Sieber, 2022
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CA FOREST AND FIRE
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B,
~ G slow tree
dynamics
o ¢ (decades)
A = B
.
ash fire

Dufresne et al., 2018
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CA FOREST AND FIRE
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Dufresne et al., 2018
Wuyts & Sieber, 2022
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Analysis of the forest & fire
automaton

steady states,

dynamics

and

structure-dynamics relations



CA FOREST AND FIRE

Fire spreading probability
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MACROSCOPIC QUANTITIES

Steady states and dynamics

=> first define macroscopic quantities:

- frequency of T or G cells:

- frequency of TG pairs:

[T], [G] (FOREST/GRASS AREA)

[TG] (FOREST PERIMETER)

normalised by N:

[T] =3/16
[G] = 13/16
[TG] = 8/16
NOTE: mean field assumes
[TG] =4 [T][G]
but:

[TG]=0.5 < 4[T][G] = 0.61



SLOW-FAST DYNAMICS

Fast dynamics
* For each grass patch, fires ignite and spread through entire patch to
bounding forest:

N
forest exposure to fire damage: ¢V Z[G] TG,
j=1
Slow dynamics
* fire-induced loss: ,,
C
Aloss P ¢N[G] . X PT TG
= ) X PTG
J=1
# fires per time loss per fire
in cluster j in cluster j

* forest spread and spontaneous conversion:

AT = B[G] = [T] + a[TG]

Wuyts & Sieber, 2022



BALANCE ON SLOW TIMESCALE
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STEADY STATES VIA FEEDBACK CONTROL
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Wuyts & Sieber, 2022 see also MT1



STEADY STATES VIA FEEDBACK CONTROL
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STEADY STATES & BISTABILITY
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CLOSURE

— stable
---unstable
0.8
0.6} """""""
T |
0.2 ((TG)cg
O .
0 0.5 1 1.5
¢ (X N) gain
loss
5 -
d|(T &k\ PR
R.H.S. of emerging scalar ODE % 0 j \ ,@ﬁ
et
-10
0 025 0 D5 0 0.5

E.

Wuyts & Sieber, 2022



STRUCTURE-DYNAMICS RELATIONS

d T * k
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CONCLUSIONS

* Hypothesis of tropical tree cover bistability relies on bimodality in
observations, but alternative explanations exist
=> more specific indicators are required
Most models are mean-field models
assume that vegetation patches are well mixed
=> neglect spatial nature of fire and forest spread
=> unable to provide spatial predictions
Spreading processes occur near the forest perimeter
=> structure-dynamics relations emerge
=> test where fire-vegetation feedbacks cause bistability
Explore saddle landscapes
Explore Ash blocking fire spread for frequent fires
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