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Problem The disease cycle is described as follows: susceptible leaves
(denoted by S) inoculated with spores first become latent (L),
then turn infectious (1) and produce spores (Us short-range
dispersed spores and U; long-range) during some infectious
period after which they are removed (R) as they cannot be
infected again. The total density of leaves is (N).
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Deposition rate of long-range
dispersal

Each segment is solution of the following differential system:
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Ly

2

D,AU, — 6U, + vpl

DyAU; — 6U; +~(1 - p)I.

i,7,0,e,Dg, Dy, v, p, o, k are positive constants.
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Since N =S+ L+ I+ R and sum the first four equation:
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- Aw ~
AU = 7(: (1-p) (2)
- aAw - N
BsS = = N(l—?) (3)
. edAw ~ - S
Bil = ——(Us+U)% (4)
~ Aw ~
Bl = =°L (5)
Jjc
~ Aw ~
Bakt = SU1, (6)
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Group #2 * w0 ... 0 xxx 0 . 0 0 0 0
% x  xx 0 ... 0 * k% ok 0 o 0 0 0
0 *x *  xx 0 e 0 *x*x 0 - 0 0
0 0 * 0 xx% 0 0
** 0 ... O 0 *x * *k 0 - 0 xx*xx%

System

0 0 =*x 0 ... 0 0 *k % 0 0
0 0 0 =*x O 0 0 Kk * *x 0
0 0 0 0 *x 0 0 0 *% * sk
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S 0O 0 0 ... 0 *x =*x 0
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e Algorithm 1: Fixed Point
& & pritiegan Input M, tol
Output U, U, 8, I, I, R € RM~D?

Iy «ones((M —1)%,1)
compute LU factorization of: As, A;, Br, Br, Br
while |1 — 1™}, > tol do

solve A, U™ = 18w, [(m)

solve AlUl(") = 12w (1 —p)[™

compute LU factorization of Bg

solve BgS™ = C‘ATwN (1 — %)

solve Br L™ = @ (US(") + Ul(")) %

solve B ["T1) = &w [(n)

solve BRR™ = %f(”“)

Group

© N O BAWN =

Iterative Method
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Group #2 We choose:

o ¢ =0.001 7 =200

o 5—50 e p=0.8

e v =0.2 ° 1)5 =2

o k= 10000 * Dy =200

e 7 =10 .Mx:MyZIOO
Results o i—10 e tol = 0.00001

(Iter: 9)
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At left, surface of sensitives leaves and right
surface of latent leaves
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At left, surface of infectious leaves and right
surface of removed leaves
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Long and short range spores
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Group #2 /(CSX — e(Us + U S)a, +/ aN (1 - ﬁ) b1
/(L +edUs + U2 — i)
o cLx e 1 N ] 2
/(c[x + 1L 1.1)¢3
Q J ?
1

[ e + 116

Q 1

/(CU'S,z - 5US + 7pl)¢5 - / DSVUS-V¢5 + DsanUs ¢5
Q Q oQ

/(CUl,x —0U +~y(1 = p)I)pe — / DVU;.Vge + D0,U; ¢6
Q Q a0

Variational
problem

18/29



Progressive
waves of the
spatial spread
of a pathogen

Group #2

Well-posedness

Well-posedness

Let H(Q2) be the space of functions with the first space
derivative in L?(Q)) and null Dirichlet boundary conditions.
There exists a unique weak solution (S, L, I, R) € (L*(Q))*
and (Us,U;) € (H(Q))2.

We can prove that the operator is continuous and coercive in
(H(Q))3, the Lax-Milgram lemma provides the result.
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sl spact e We choose the test functions ¢ in finite dimension
. subspace Vj, of (L?(2))* x (H(£2))? and solve the problem

a(Yn, én)) =0, Vo, € Vj,

e P1: Lagrange finite elements (dense in the space L?(f2)
and H(Q)):

Vi = {¢ € L*(Q);VK € Th,vjic € P1}

e To solve the non-linear problem, a fixed point method is
chosen. We have

a(Yn, ¢n)) =0 <= Yy = a(Yn, ¢n)) — Yn

Results
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Mesh of the square
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Surface of infectious leaves
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Surface of sensitives
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Long-range spores
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