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Ecosystem services
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Factors impact on forests

Natural factorsAnthropic activities
illegal logging
urban sprawl
invasive species
acid rain
forest fires
…

forest fires
pollution
insect pests
diseases
competition between 
species
…

→ ←
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The forest kinematic model12:
∂u
∂t

= βδw − γ(v)u− fu in (0,+∞)× Ω,
∂v
∂t

= fu− hv in (0,+∞)× Ω,
∂w
∂t

= d∆w − βw + αv in (0,+∞)× Ω,

(1)

where
γ(v) = a(v − b)2 + c.

u: the density of young age class trees;
v: the density of old age class trees;
w: the density of seeds in the air.

1Yu.A. Kuznetsov, M.Ya. Antonovsky, V. Biktashev and E.A. Aponina, A cross-diffusion model of forest
boundary dynamics, Journal of Mathematical Biology, 32(1994)219–232

2A. Yagi, Abstract parabolic evolution equations and their applications, Springer Science & Business Media,
2009.
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The degenerate forest kinematic model{
∂u
∂t

= αw − qµ(u) in (0,+∞)× Ω,
∂w
∂t

= δ∆w − βw + αu in (0,+∞)× Ω,
(2)

where
qµ = q(u) + µp(u), q(u) = u[a(b− u)2 + c].

u: density of the trees;
w: density of the air-borne seeds;
µ: perturbation parameter.
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Main results

well-posedness results: local/global solutions

Convergence towards equilibrium ( Lojasiewicz-Simon gradient inequality3)
under restriction: qµ is monotone4

Uµ(t) → Ūµ in Y as t → ∞.

Robustness of the weak attractors
▶ continuity of the flow:

▶ continuity of the stationary solutions:

if α− ϱ < 0, then Ūµ
µ→0−→ Ū uniformly in Y .

▶ robustness of the weak attractors.

3S. Iwasaki, Asymptotic convergence of solutions to the forest kinematic model, Nonlinear Analysis: Real
World Applications, 62(2021)103382.

4Efendiev, M. and Zelik, S., Global attractor and stabilization for a coupled PDE-ODE system,(2011)1–23,
arXiv:1110.1837v1.
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Main results

Numerical simulations
▶ Shift of the ecotone;
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▶ Emergence of intermediate ecosystems;
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▶ Randomly generated initial conditions lead to chaotic patterns.
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Main results
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Recall the degenerate forest kinematic model:{
∂u
∂t

= αw − qµ(u) in (0,+∞)× Ω,
∂w
∂t

= δ∆w − βw + αu in (0,+∞)× Ω,
(3)

where
qµ = q(u) + µp(u), q(u) = u[a(u− b)2 + c].

c(x): the mortality of trees, which depends on the water resource (precipitation, soil
moisture, evapotranspiration) with respect to the space. How to deal with the real
world spatial data?

Geographers observed the disappear and emergence of trees in some zones of the
forest, and the transform of the forest. How to explain this from mathematical point
of view to help ecologists to better understand the forest ecosystem?
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Thanks so much for your attention !
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