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@ Discrete in time

o Continuous in space

Nowi (@) = /Q B, 1) F(Na(w), m)dy

92N

Ny — D——
t 0z2

= f(N)

e Continuous in both space and time
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e Can be used to model populations with discrete

non-overlapping generations and separate growth and
dispersal stages

o Can include a variety of dispersal mechanisms

e Can do a better job of estimating the speed of invasion
than reaction-diffusion equations (Mark Kot 2003)
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Nipi(z) = [ k(z,y) f(N:(y)) dy L



o Laplace Kernel

k(z,y) = gaexp(—ale —yl)
@ Normal Distribution
« 2
k(z,y) = [ — exp(—a(z —y)7)
o Ballistic Dispersal
_3a b—1 3
k(z,y) = 5 le —yI" exp(—alz —y[)
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a=(w(z),a1(x), -, ar_1(z))
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J(a) defined as total revenue minus total cost in 7" time steps

J(a) = max J(«)

acU
U={ae(L®®)7)0<ay(x) <M,t=0,1,...,T -1}

for M <1
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o Growth, Dispersal and Harvesting

o Growth, Harvesting and Dispersal
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o Existence of an Optimal Control

o Characterization of an Optimal Control

@ Uniqueness of an Optimal Control
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Adjoint and OC Characterization

Growth-Dispersal-Harvesting

Given an optimal control a* and corresponding state solution
N* = N(a*), there exists a weak solution p € (L>(Q2))T
satisfying the adjoint system:

pro1() =r /Q (1 = a1 (0))pr (), 2)dy+

" /n A1V ar L (y)k(y, 2)dy
pr(z) =0

where t =T, --- 2, 1. Furthermore, for t =0,1,2,--- ;T — 1,

(—e°'per1(x) + Ar) [ rk(z, y) N7 (y)dy
B, ’
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Growth-Harvesting-Dispersal

Given an optimal control a* and corresponding state solution

N* = N(a*), there exists a weak solution p € (L>=(Q))T

satisfying the adjoint system:

pes(@) = (1 = a2 @) [ )k a)dy + e s 1(o)
pr(x) =0

where t =T, --- 2, 1. Furthermore, for t =0,1,2,--- ;T — 1,

[e™% [ —per1()k(y, x)dy + Ad]r N7 (z)
By

oy () = min(maz( ,0), M)
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values from control

e Start with guess for controls and Ny
@ Solve state equations for N forwards and adjoint equations
for p backwards

o Update control with convex combination of old values and

e Repeat until convergence of iterates
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Kernel

0, ifr<y—R
k(x,y) = écos[%]w—yq, ify—R<z<y+R
0, ifz>y+R
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Optimal Harvesting Rates

Growth-Dispersal- Growth-Harvesting-
Harvesting Dispersal

Harvest Rate
Harvest Rate

Parameters

r=1.8,B; = 1000,6 = 0.2, 4, = 1, R = 0.8
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harvesting

disease spread

o Contribute to other applications in life sciences, besides

Such as forestry management, invasive species, fishery and

@ Derive optimal control results for a more general framework
or

Nova(z) = ha /Q k(e 9) (Vo). )y, ()

Ny (2) = hu(, /Q k(e 9) (Vo). yae () dy)
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