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Biodiversity and ecosystems under pressure

Declines in species survival since 1980

(Red List Index)
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The need for bio-economic scenarios

high growth (A2)
moderate growth (A1B)

low growth (81)

From IDCC 3
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Intergovernmental Science-Policy
Platform on Biodiversity and

Ecosystem Services
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The need for bio-economic modeling
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Important models

Equilibria Intertemporal Precautionary approach
Gordon-Schaefer, 1954 Optimality ICES-CIEM
Clark, 1976
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Renewable Resource Dynamics

In discrete time

x(t+1) = f(x(t)) — h(t) Examples of f :

where Logistic,

@ x(t) biomass or abundance
@ h(t) catches at time ¢

Ricker, Beverton-Holt, Gomperz
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Sustainable yield

e Equilibrium :

x="f(x)—h N
— Sustainable yield :
o(x) = f(x) — x a
e Example Logistic : g
X EKMEP
o(x)=rx(1— ;) Stock size - e
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MSY vs MEY

e MSY : Optimal catches at equilibrium

max o (x)
X

Logistic : xygy = g

and cast (¢

e MEY : Optimal rent at equilibrium

£
max m(x, h) i
X.,h:O'(X) : effort - E
where 7(x, h) = ph — qu; Bio-economic synergies

p price, ¢ costs of effort
Logistic : xypy = g + 55
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A discounted MEY

The optimal control problem

h(Ognha(?l() ; (1 + rf)itﬁ(x(t)v h(t))

The long term equilibrium x, (Conrad-Clark, 1987)

re = ox(x,) + g

g§88¢

Particular cases :

g &

catches (blue whale unit)
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Where extinction is optimal (Clark 1990)

Let us consider the illustrative case where
@ Logistic dynamics
@ rent is of the form m, =0

Result : Then if r < r¢ then extinction is optimal x, < 0.

More general conditions in Grafton et al. (2010)
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New bio-economic challenges

@ How to operationalize the ecosystem approach ?
@ How to operationalize sustainability ?
@ How to operationalize resilience ?

@ Which gouvernance for bio-economic public policies ?
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Eco-viability : an original and fruitful approach

Ecological Econo

A Survey of Applications of Viability Theory to the
Sustainable Exploitation of Renewable

Resources #

Safety of dynamic systems through constraints over time

Food security

Viability
emel

lim

E\Hh
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Links with many approaches

Doyen et al., Ecological Economics, 2019

Minimal Sustainable Whinge
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The mathematical formulation of viability

@ Uncertain controlled dynamics :

{Xi(f+1) = Fi(x(2), a(t), w(1)),
x(0) X0

where

o x(t) € R" the state at time t
e a(t) € R the control at time t
o w(t) € RY the uncertainty at time t

@ Constraints : _
Ie(x(t), a(t), w(t)) = [im
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Stochastic viability

Summers-Lygeros, Automatica, 2010

Doyen-DelLara, Systems Control Letters, 2010
@ Maximal probability of viability

V(to,x0) = max ]P( constraints satisfied t = tg,..., T>
a(.) feedback

o Viability kernels : level sets of V

Viabg = {XQ ‘ V(to,X()) >p }

@ A dynamic programming structure

V(tx) = maXE[lconstraints(Xv a) x V<t+ 1, F(x, 3-,‘*))) :|

where 1 o5straints boolean function of constraints.
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Maximin and viability

Doyen-Martinet, JEDC, 2012

e Maximin Rawls (1971), Solow (1974)

n;(a?)x mtin I(x(t),a(t))

= max(/,,-m, Xp € Viab(l/,-m))

where Viab(/j,,) the viability kernel with

1(x(t), a(t)) > lim

@ Maximin : extreme viability

@ Intergenerational equity in viability
@ Inverse viability : sustainable thresholds : Gajardo et al., 2019
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Applications to fisheries

Ecological Economics v
Volume 124, April 2016, Pages 69-75

Economic viability and small-scale fisheries — A
review

hu quer 2 B Rashid Sumaila &
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A first example : Small scale fisheries in French Guiana

Cissé et al., Environmental Development Economics, 2013

Cissé et al., Ecological Economics, 2015
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The bio-economic dynamic model

Cissé et al., Ecological Economics, 2015

A MICE model (14 species - 4 fleets)

xi(t+1) = x;(t) <1 + ri+ Z sijxj(t) — Z girer(t) +€,'(t)>

species j fleets f
~—— S~ N~
Trophic Fishing Stochastic

where ¢;(t) ~ N(0, 0})
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Calibration

Cissé et al., Ecological Economics, 2015

Canots creoles Canots creoles ameliores
120 120
100 100
From data 2006-2010 : - 2w
@ catches + efforts % e
3 8

hir(£) = qrer(£)xi(t) WW ’

ef(t) 0 0
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Ecoviability fishing scenarios at T = 2050

Identify fishing efforts ef(t) such that

guaranteed biodiversity : Species richness and MTI
guaranteed profitability :  7¢(t) > 0, V fleet f
food supply > demand :  H(t) > Daog(1 + d)*

Stochastic approach

max P ( constraints satisfied for t = 2011, .., T)
ef(to), ef(tl..)
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Eco-viability strategy EVA
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Status Quo strategy

2006 20112015 2070 2025 2030 2035 2040
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SEAVIEW Network
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WP2 : Comparative analysis between case-studies

Doyen et al., Fish and Fisheries, 2017

FG : French Guiana; NPF : Australian Northern Prawn;
Sl : Solomon lIslands; BoB : Bay of Biscay
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Farming land-use and bird’s biodiversity

Ay et al., Climatic Change, 2014; Mouysset et al., Ecological Economics, 201

A MICE model

Databases 2001-2009

At SAR scale
small agricultural region)
620 regions
13 land-uses
+ gross margins

35
Y P | bird species
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An example of bird community dynamics

Mouysset et al., Env. Mod. Ass., 2016
Mouysset et al., Ecological Economics, 2011

Mouysset et al., Ecological Indicators, 2012

Land-uses —> Habitat quality —> Carrying capacity of species

(t+1 1 i .
xi(t +1) = T with ki(t) = ajo+ Z aj y- Au(t)
Xi(t) 1 + r: Xi(t) land-use u
"ki(t)
N ~
abundance area of
growth of landuse
species i u
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Ecoviability approach

Mouysset et al., Conservation Biology, 2014

Bio-economic constraints :

FBI(t) >  ax FBISQ(t)
cTI(t) > ax CTIP%)
csi(t) > axCSIP9r)
Inc(t) > axinc>9(t)
Bupcer(t) < BUDGET(tp)

Viability probability . s
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Resilience

i |

Earth’s Future g

Research Article ~ Open Access
From resistance to transformation: a generic metric of resilience
through viability

Christophe Béné, Luc Doyen i
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Resilience a concept to be less vulnerable to
shocks

‘‘‘‘‘

Rugby Hansen praises All
Blacks'resilience

@ Successful :
...in Rugby
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Resilience a concept to be less vulnerable to
shocks

@ Successful : FAO, EU, World Bank, ...

@ Successful in sciences :
psychology (Glantz & Johnson, 1996)
engineering SCIeNCes (Grimm and Wissel, 1997),

eCOlOgy (Holling, 1973 ; Gunderson - Folke, 2005)

€CONOMICS (Derisen et al, 2011)
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SIES

However
@ Generic metrics across disciplines ?
@ Bad resilience

@ Resilience with respect to what ?
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Resilience metrics using viability

@ Viability probability ~ reliability
@ Magpnitude of acceptable shocks

Béné & Doyen, Earth’s Future, 2018

distance to non viable zone :

min ||xg — x
X%ViabH 0 H

© Recovery after a shock :

Doyen-StPierre, 1997; Martin, 2006; Deffuant Gilbert, 2011; Rougé et al. 2013, Hardy et

al, 2016
Minimal time of crisis

T
r?('g‘ Z 1X\C011straints(x(t)7 a(t))

t=tp
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Renewable resource management example

Béné & Doyen, Earth’s Future, 2018

NG

_—

Renewable stock x(t) harvested at rate e(t)

Resi b) Copi
x(t+1) = f(x(t)) — qe(t)x(t) B iU o A

X

(c) Adaptive resilience (d) Adaptive preference
g=17M=0160=0 g=1, =m=0.050=0

Change in the decision e(t)

e(t+1) = e(t) + u(t) with |u(t)] <

| =

Profitability constraint and threshold :

w(x(2), e(t)) = pae(t)x(t) — ce(t) > '™

(e) Transforming
G=2 7™ =0.056=0
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Minimal time of crisis

Bene-Doyen, Ecological Economics, 2001

Equilibria set
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Ecosystems and governance

) Springer Link

Dymamic GAMES

Dynamic Games and Applications AND APPLICATIONS

pp 1-24

&

The Tragedy of Open Ecosystems
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A MICE bio-economic model

A simple ﬁ (‘*:
food web
o ~~

Multi-species Gomperz Dynamics

Jj=1

xi(t+ 1) = x;(t) exp {r; + Zs,-j In (xj(t))} ,
Harvest hjs(t) of agent f = 1,...,n on species / :

xi(t+1) = <x,-(t) -> h,-,r(t)) exp {n +> sjln <x,(t) -> hjk(t)) } ;
f f

=1

Luc Doyen Mathematics for Scenarios of Biodiversity



Non-cooperative vs cooperative maximization

Non-cooperative Cooperative

r})axzpt (Z U(hfl(t),...,hfm(t))>
¢ t=0 f=1

For each agent f =1,..,n

T%ZPtU (hra(t) ., hm(2))
4 =0

with 0 < p < 1 discount factor

Analytical solutions using Dynamic Programming and
Cournot-Nash optimum and Utility U(h) = ), a; log(h;)
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Bio-economic gains of cooperation

—0.0026 —0.0218  0.0005 0.0001
r= | 0.0392 S =-0.0143 —0.0153 0.0003
0.0644 —0.0003 —0.0085 —0.0161

a=(3 2 1),p=09n=3

harvest fractions (%) Species 1 | Species 2 | Species 3
cooperative € 5.45 3.01 3.52
non cooperative ¢ 14.79 10.88 9.87
Species1 Species2 Species3
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Integrate climate changes : Jean-Sauveur Ay

Sauveur-Jiguet-Leadley-Chakir-Doyen, climatic Change, 2014

variability between modsts—

high growth (A2)

emizsion | Moderate growth (A B)/
scenarios.
low growth (B1) ;

Global Surface Warming {“C)

constant CO,

000 2100
Year

http://dentafas.free.fr/SpecialistesAgricoles/
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NPV strategy

(&) NPV Scezano

w0 0is ] 05 030 e B
a4 8

Effort multiplier
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