Modelling history

Maltusian model (1766-1834)

op

EJF(M—@P:O"‘ (0,77,

p(0) = po.
Solution

p(t) = poexp[—(p — B)1]

1 = mortality rate

[ = fertility rate
pn=>0,82>0

1 > (3 exponential extinction
£ > p exponential growth
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Solution:

a = growth rate

Logistic model (Verhulst 1838)

Op P\ ..
o +ap (1 —?) —0in (0,7),
p(O) — Po-
Kpoexplat
p(t) Po p( >

K+ polexp(at) — 1

lim p(t) = K.

t—00

K = carrying capacity
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The linear model of Lotka-McKendrick (1925)

» Age-structure

dp O
af + a_p + po(a)p + pla)p = fin (0,T) x (0,a™),

p(07 CL) — p()(a,),

pt.0)= [ Blalplt,a)da
0
(specific) mortality rate

(supplementary) mortality rate

ILL =
ILL p—
B = fertility rate
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The nonlinear model of Gurtin-MacCamy (1973)

dp Op

o 5+ tlap+ pla, S(E)p = fin (0,T) x (0,a%),

p(()? CL) — p()((l),
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The nonlinear Gurtin-MacCamy model with diffusion
(first version in 1974)
Q= (0,a") X (yo,yr) (yo, Y1) = spatial domain (habitat)

dp Op 0 dp

Fri pola, y)p + pla,y, St y))p — a—y<K(a, y)a—y) = fin(0,7) xQ, (1)
p(0,a,y) = p(a,y) in Q, (2)

K(a,y)g—z =0on (0,7) xI'y,andon (0,7) x I, (3)

p(t,0,5) = / 8a, . S(t, 1))p(a, t y)da, @)

S(t,y) = /Q (., 2)plt, a, 2)d=da. (5)



