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@ Thecontrol variabley; is an element of the control set
U C R,

@ Thedynamicsg mapsX x U into X.



Desirable Configurations

Banff 2007

eiohery A decision maker describes “desirable configurations of the
B system” through a séd C X x U termed thedesirable set

Héctor Ramire:

(Xta Ut) = ]D)v vt e N7
Discrete time
viability issues

whereD includes both system states and controls constraints.



Desirable Configurations

Banff 2007

Eehery A decision maker describes “desirable configurations of the
B system” through a sé@ C X x U termed thedesirable set

Héctor Ramire:

(Xta U[) € Dv vt e N7
Discrete time
viability issues

whereD includes both system states and controls constraints.

@ Dgcol:i= {(x,U) : x>0} or Dgggp:= {(X,U) : x> X}




Desirable Configurations

Banff 2007

Eehery A decision maker describes “desirable configurations of the
B system” through a sé@ C X x U termed thedesirable set

Héctor Ramire:

(Xta U[) € Dv vt e N7
Discrete time
viability issues

whereD includes both system states and controls constraints.

@ Dgcol:i= {(x,U) : x>0} or Dgggp:= {(X,U) : x> X}
@ Decon:= {(x,u) : Y(XU) > Ymn}




Desirable Configurations

Banff 2007

Eehery A decision maker describes “desirable configurations of the
B system” through a sé@ C X x U termed thedesirable set

Héctor Ramire:

(Xta U[) € Dv vt e N7
Discrete time
viability issues

whereD includes both system states and controls constraints.

@ Dgcol:i= {(x,U) : x>0} or Dgggp:= {(X,U) : x> X}
@ Decon:= {(x,u) : Y(XU) > Ymn}
@ Dices:= {(X, U) : SSZ-!{X) > Brer, F(U) < I:ref}




Viability Domains and Viability Kernel

Banff 2007

Viability in Definition
Fishery

Management o V C Xis aViability Domainif for all x € V there exists
Héctor Ramire: ue U SUCh that(X, U) ch and g(X, U) cV.

Discrete time
viability issues




Viability Domains and Viability Kernel

Banff 2007

Viability in Definition
Fishery

Management o V c Xis aViability Domainif for all x € V there exists
Héctor Ramire: ue U SUCh that(X, U) ch and g(X, U) cV.

o Viability Kernel
Discrete time
viability issues

V(g,D) = {x € X : there exist g, us, Uy, ..., X1, X2, ...
such that x.1 = g(%, i) and (X, u;) € D}.




Viability Domains and Viability Kernel

Banff 2007

Viability in Definition
Fishery

Management o V c Xis aViability Domainif for all x € V there exists
Héctor Ramire: ue U SUCh that(X, U) ch and g(X, U) cV.

o Viability Kernel
Discrete time
viability issues

V(g,D) = {x € X : there exist g, us, Uy, ..., X1, X2, ...
such that x.1 = g(%, i) and (X, u;) € D}.




Viability Domains and Viability Kernel

Banff 2007

Viability in Definition
Fishery

Management o V c Xis aViability Domainif for all x € V there exists
Héctor Ramire ue U SUCh that(X, U) (& D and g(X, U) ~ V.

o Viability Kernel

Discrete time
viability issues

V(g,D) = {x € X : there exist g, us, Uy, ..., X1,X2, ...
such that x.1 = g(%, i) and (X, u;) € D}.

Goals

e Determine or approximatthe viability kernelV(g, D)
for a given dynamics g and a given desirableBet




Viability Domains and Viability Kernel

Banff 2007

Viability in Definition
Fishery

Management o V c Xis aViability Domainif for all x € V there exists
Héctor Ramire ue U SUCh that(X, U) (& D and g(X, U) ~ V.

o Viability Kernel

Discrete time
viability issues

V(g,D) = {x € X : there exist g, us, Uy, ..., X1,X2, ...
such that x.1 = g(%, i) and (X, u;) € D}.

Goals

e Determine or approximatthe viability kernelvV(g, D)
for a given dynamics g and a given desirableBet

e Determinewhen a given séY is a viability domain.




Viability Domains and Viability Kernel

Banff 2007

VLI R Thestate constraints sassociated witkd is obtained by

Fishery
B  projecting the desirable sBtonto the state space

Héctor Ramire:
VO := Projx(D) = {x € X | Jue U, (x,u) € D}.

Discrete time
viability issues



Viability Domains and Viability Kernel

Banff 2007

VLI R Thestate constraints sassociated witkd is obtained by

Fishery
B  projecting the desirable sBtonto the state space

Héctor Ramire:
VO := Projx(D) = {x € X | Jue U, (x,u) € D}.

Discrete time
viability issues

By definitionV(g, D) ¢ VO.



Viability Domains and Viability Kernel

Banff 2007

VY Thestate constraints sassociated witkd is obtained by
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BB  projecting the desirable sBtonto the state space
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V0 := Projg(D) = {x € X | Ju € U, (x,u) € D}.
Discrete time
viability issues

By definitionV(g, D) ¢ VO.

Moreover, the viability kerneV (g, D) turns out to be the union of
all viability domains, that is:

V(g,D) = U{V . V ¢ V°, V viability domain forgin ]D}.
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o We say that a sé&€ c X x U is increasingdf it satisfies:
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Monotonicity

properties V(x,X,u) e XxXx U, X >x=g(X,u)>g(xu),

and isdecreasing with respect to the contifol

Vix,u,') eXxUx U, U >u=gxUu)<gx,u).
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el \We say thag : X x U — X is abioeconomics dynamidé g is
increasing w.r.t the state and decreasing w.r.t. the control.

Monotonicity
properties

Definition

We say thag : X x U — X is abioeconomics quasi-linear
dynamicdf
g(x, u) = G(u)x + H(u),

whereG(u) is anx x nx matrix andH(u) € R™ for allu € U.

4
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Dyietrg = {(X, U) | Y(X,U) > Ymin},

where Y: X x U — R is increasing w.r.t. both variables (state
and control).
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Dprotect = {(x,u) € X x U | D(x,u) > db},

where D: X x U — R is increasing w.r.t. the state but
decreasing w.r.t. the control.
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Assuming they exist, denoté, i.e. w<u<uforallueU.
For everyt > 0, define recursively the functidig®)! : X — X by

(@)°%) = x
{(gb)t“(x) = g((e)'(x),w), teN.

Proposition

Suppose that g is a bioeconomics dynamics, and consider the
desirable set®yielq andDprotect. Then we have:

e Ifuf and U exist, then
V(9, Dyieia) € ﬂo{x € X 1 Y((&)'(X), UF) > Ymin}-
>

o If U’ exists, then
V(g, Dprotect) = N {x € X : D((¢")'(x), W) > d’}.
t>0
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If the dynamics g is bioeconomic quasi-linear antbiis a
preservation desirable set whichdsnvex w.r.t. the stat¢hat is

forallu € U, x, X € X such that(x, u), (X,u) € D,
poperies it holds that(ax + (1 — &)X, u) € D for all o € [0, 1].

then the viability kerneV (g, D) is convex.
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Polyhedral Viability Domains

Let g be a bioeconomic quasi-linear dynamics.
LetDyoy be a preservation desirable set given by

Dpoly = {(%,u) € X x U : D(u)x > d’}.

Proposition

Let? be the polyhedron defined by
P={xeX: (I -GW))x<H()and DL )x > d’}.

(
Then, the sefx > X} = X + R is a viability domain iffx € P.

| A

Corollary

If X is a desirable equilibrium foByy, thenx € P and
consequentlyx > X} is a viability domain (Guilbaud et al.06).
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e Time indext in years.

e State variableN = (N3),1_a € X = R%,
denotes the vector @bundances (biomasa) ages.

e Control variablexx € U = R4, fishing effortor exploitation
pattern multiplier

Fish q q o o
e e ¢ describes thetock-recruitment relationship

e Thespanning stock biomagsnction is defined as

A
ﬁN) = Z paWaNa.
a=1

e m =00 lindicates i = Ais aplus-group
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e Theyield (in terms of biomass) at time t is:

A
Yi = Z W, Ci a.
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e Themean fishing mortalitfunction is defined to be:

F) = iFa
CA-atli
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o Atthe same time, ICES uses this first condition as a policy
be checked each year.
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Proposition(Guilbaud et al. 2006)
Vicesis not always a viability domain fdb,cgs
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p— ° If_the recrui_tment funqtiom is increasing, thegis a
Fishery bioeconomics dynamics.

Management
éctor Ramire: . N g a
TR e Sinceg(N, \) = G(A)N + ( @(SS_(I))EQ ) > if ¢ is constant

or lineal, therg is also quasi-linear.
o If D = Dpoy thenV(g, D) is convex.

Proposition(De Lara, Gajardo & Ramirez 20p7

MMM ConsideDyied = {(N,A) : Y(N,\) > Yma}, and suppose that
pisincreasing andy < R. If N belongs to the associated viabiljty
kernel, then S3Bl) > Byt for some reference valugdB > 0.
That is

N € V(g, Dyjelq) = SSEN) > Bres.
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o We would like to extend this approach to models with “two
zones” or two interacting species.
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