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Introduction

I¥" During a disaster situation (tsunamis, earthquake,...), several human
behaviors can be observed. Three main categories can be identified:

o Alert e Panic e Control

KE" The aim of the ANR Com2sica project is to model this situation as a
compartmental SIR type model.
EE" A first attempt in this way is an ODE model.
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Figure: The transfer diagram of the APC model.
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The temporal APC model
ep:RT — Rfori=1,---,5.

d
Pr = (bt b+ 01)ps +(t)pa + baps + bapa —F (p1,p3) = G (p1, p2),
d Intrinsic transitions
apz = —(bs+c+ 80)p2+ bop1 + c2p3, +9(p1, p2) — H(p2, p3),
d Intrinsic transitions
5P = s+ c+ds)ps + bips + ap — p(t)os +F (p1, p3) + H(p2, p3),
Intrinsic transitions

Su= o)
dt p4 - fy p4 )
d Intrinsic transitions
—p5 = +o(t)ps , t>0
dt ———

Intrinsic transitions

(1)

5" The initial condition
(pl(o)v pZ(O)v P3(O)> p4(0)7 PS(O))T = (07 0,0,1, O)Tv since the population
is supposed to be in a daily behavior before the onset of the disaster.
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IE” The role played by the spatial configuration and its constraints is not
negligible in the dynamics of human reactions.
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Outline

@ A spatio-temporal advection-diffusion PDE model describing human
behaviors during a catastrophic event

® Well-posedness and positivity

©® Numerical simulations

5/15



@ A spatio-temporal advection-diffusion PDE model describing human
behaviors during a catastrophic event



e O C R? is a bounded smooth domain.
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Spatial modelization

e O c R?is a bounded smooth domain.
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Spatial modelization

Q C R? is a bounded smooth domain.

pi = pi(t,x) with t > 0 and x € Q.

Diffusion terms: d;Ap;, with d; > 0.

Advection terms: —V - (p;ivi(p)), i € {2,3} with

5 .
vi(p) = Vi(p)v(x) where Vi(p) = Vi max (1 _ izt p,> :

Pmax

with Vj max > 0, and v(x) is the desired direction of the movement.
Moreover
7i(p) = 0if i #£2,3.
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Spatial modelization

Q C R? is a bounded smooth domain.
pi = pi(t,x) with t > 0 and x € Q.
Diffusion terms: d;Ap;, with d; > 0.
Advection terms: —V - (p;ivi(p)), i € {2,3} with
5 .

G(p) = Vi(p)r(x) where  Vi(p) = Vimax (1 - pr> ,
with Vj max > 0, and v(x) is the desired direction of the movement.
Moreover

7i(p) = 0if i #£2,3.

Boundary conditions: Let g;(p) := —d;Vp; + piVi(p) be the flux of
pi, then we set

ql'(p)‘n:q[)ut(p).r“ i:17'”757
where

qéut(p) = Viout Pi where Vi,out > 0.
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The spatio-temporal APC model

We obtain the following APC model:

Orp1 =  diApr — (b1 + ba + 01)p1 + Y(t)pa + bspz + bap2

—Z(p1, p3) — Y(p1, p2) inQ, t>0,
Otp2 =  daApa — (ba+ 1+ 62)p2 + bapr + c2p3

=V - (p2v2(p)) + 9 (p1, p2) — H (p2, p3) inQ, t>0,
Orp3 = d3Qp3 — (b3 + & + 83)ps + bipr + cip> — ¢(t)p3

=V - (psvi(p)) + Z(p1, p3) + H (p2, p3) inQ, t>0,
Orps =  dalps — y(t)pa inQ, t>0
Orps = dsAps + ¢(t)p3 inQ, t>0

Boundary conditions

(_divpi “F p:\Z(p)) - n = Vi,out pi-n, i= 17 c ,57 on 897 t> Oa

Initial condition

p(0,x) = (0,0,0,0(x),0)" := po(x) Vx € Q.
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@ A spatio-temporal advection-diffusion PDE model describing human
behaviors during a catastrophic event

® Well-posedness and positivity

©® Numerical simulations



Functional framework and linear operators

® \We consider the APC model setting in the Banach space
X = LP(Q)°,

with p > 2, endowed with its usual norm.
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Functional framework and linear operators

® \We consider the APC model setting in the Banach space
X = LP(Q)°,

with p > 2, endowed with its usual norm.

® \We define the boundary Banach space
X = WIL/PP(9Q)°.

® Let o : D(o/) — X be defined by

o = diag(dhi A, A, s\, da N, ds A, dsA) and  D(a7) = W2P(Q)°.

® The boundary operator . : D(</) — 0X is given by

(Zp)i = diOnpi.
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Nonlinearities

® let a € (1/p+1/2,1). The nonlinearities are defined on the Banach
space:
Xo = {p € WP*P(Q)° | diOnpijon = 0}
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Nonlinearities

® let a € (1/p+1/2,1). The nonlinearities are defined on the Banach
space:
Xo = {p € WP*P(Q)° | diOnpijon = 0}

® The nonlinear operator %" : [0, 00) x X, — X is defined by

J(t, p1,Vp) = —(b1 + by + 61)p1 + ¥(t)pa + b3ps + bapo
= F(p1,p3) — 9 (p1, p2);

Ho(t, p2,Vp) = —(ba + c1 + 62)p2 + bap1 + cop3 — V- (p2v2(p))
+9(p1, p2) — 7 (p2, p3),

H3(t, p3, Vp) = —(bs + 2 + 03)p3 + bip1 + c1p2 — V - (p3v3(p))
+ Z(p1, p3) + 7 (p2, p3) — ¢(t)p3,

Ha(t, pa, Vp) = —(t)p4,

Hs(t, ps, Vp) = ¢(t)ps,
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Nonlinearities

® let a € (1/p+1/2,1). The nonlinearities are defined on the Banach
space:
Xo = {p € WP*P(Q)° | diOnpijon = 0}

® The nonlinear operator %" : [0, 00) x X, — X is defined by

H1(t, p1,Vp) = —(b1 + bo + 61)p1 + v(t)pa + bsps + bapa
= F(p1,p3) — 9 (p1, p2);

Ho(t, p2,Vp) = —(ba + c1 + 62)p2 + b2p1 + c2p3 — V - (p2v2(p))
+ 9 (p1, p2) — 7 (p2, p3),

H3(t, p3,Vp) = —(b3 4 c2 + 83)p3 + bip1 + c1p2 — V - (p3v3(p))
+ Z(p1, p3) + 7 (p2, p3) — ¢(t)p3,

Ha(t, pa, Vp) = —(t)p4,

Hs(t, ps, Vp) = ¢(t)ps,

® The nonlinear boundary term .# : X, — 0X is given by

M (p)i = (—piViout + pivVi(p)) - n. 9/15



Abstract formulation

With these notations, the model writes as follows:

J(t) = u(t) + o (t,u(t)), t>0,
Zu(t) ///(U(f)) t>0, (2)
u(0) =

where U(t) ( ( ) )7p2( ) ) ( ,-),p4(t,~),p5(t,-))T,

and up :=(0,0,0,6(x),0)"
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Abstract formulation

With these notations, the model writes as follows:

U (t) = u(t) + H(t,u(t)), t>0,
ZLu(t) = (u(t)), t >0,
u(0) =up

where u(t) := (p1(t,-), p2(t. ), p3(t, ), pa(t, ), ps(t, ")) ",
and up :=(0,0,0,6(x),0)"

Theorem 1 (Local existence and positivity)

For each ug € X, there exist a maximal time T (ug) > 0 and a unique
maximal solution u(-, ug) € C([0, T(up)), Xa) N CL((0, T(uo)), X) of

equation (2).

Moreover, if uy > 0 a.e. on Q, then for any t € (0, T(uo)), u(t,x) >0

a.e. on fd.
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® Well-posedness and positivity

©® Numerical simulations



Configuration

2" |n order to highlight the behavior of the populations during the
catastrophic event, we suppose that people cannot return to an everyday
behavior.

5" We present different scenarios of evacuation.

5" We set 92 =T U T, where I designate the wall (where the flux is
zero) and [, is the escape region (where the flux is different from zero),

e 7

x (x5, x5)

Figure: The direction vector v(x1, x2).
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Different initial conditions at each sce_

(a) Scenario 1 (b) Scenario 2 (c) Scenario 3

e (a) The population is concentrated in a single group in the center of
the domain;

e (b) The population is subdivided into three groups;

e (c) An obstacle is located between the exit and the population, which
is concentrated in a single group within the domain.
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See the attached videos!

13/15



Advection and pedestrians transported by the crowd
phenomenon.

=" Even if in our model there is no advection terms in the equation
describing the evolution of the population in alert and daily, the alert
population nevertheless undergoes a phenomenon of advection.

Alert (with new scale) at Alert at final time: Alert at final time:
final time: Scenario 1 Scenario 2 Scenario 3
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MERCI!
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Simulations: Table of values

Parameters Parameters
d; = 0.001 asc = 0.6
Diffusion d>» = 0.05 Imitation «a,., =0.7
T =001 | Tapoc =06
ds; = 0.01 Qesp = 0.7
V27max =0.3 1 = 0.1
Advection V3, max = 0.2 =04
Vi =0.2 Intrinsic b1 =0.1
Speed at the Vo =0.1 transitions b, =0.2
boundary V3 =0.3 bz = 0.001
Vy=0.2 by = 0.001
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