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Once upon a time:

Robert Gonzalez and optimal control theory

Emile Borel = Georges Valiron = Laurent Schwartz —
Jacques Louis Lions = Alain Bensoussan —

Roberto Gonzalez Université Paris IX Dauphine. 1980

I

Tidball, Aragone, Di Marco, Reyero, Mancinelli, Lotito, Katz
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1997 : Estadia M. Escalante INRIA Sophia Antipolis.
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Some problems in environmental economics

@ The relationship between biodiversity and agricultural
production (with llaria Brunetti, post doc école Polytechnique,
Denis Couvet, Muséum National d'Histoire Naturelle, Paris)

@ Growth, environmental degradation and the creation of a new
sector (with Pierre-André Jouvet, Univ. Nanterre, Julien
Wolfersberger, AgroParisTech).

@ Habitat and Fishery (with Georges Zaccour, HEC, Montréal,
Ngo Van Long, Univ. McGill, Montréal).

@ Cooperation with asymmetric environmental valuation and
responsibility in a dynamic setting (with Francisco Cabo,
Univ. de Valladolid, Spain).

@ The impact of the pro-environmental behavior on the decision
process in coordination and cooperation issues: theoretical
modeling and experiments. Thesis...
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Biodiversity and Agricultural Production

Introduction
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A farmed land is equally divided among N farmers. We denote by

e B! €[0,1] local biodiversity on farmer's i land at time
t=20,1,..;
e B! €[0,1], after migration biodiversity:

N N
pt . _ § t E —
Jj=1 Jj=1

@ where the coefficient m;; represents the migration effect
within the same land, while mj; from land j to i, j # i.
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Biodiversity and Yield

We suppose that agricultural production depends on inputs, labor
and on after migration biodiversity. We define yield through a

Cobb-Douglas function:

Yi = Bivi(BI(E)" (A", mi+vi<1

where Al and ¢! are the production factors, with decreasing return
to scale, 8; > QVi. Function v represents the productivity, which
depends on BY:

vi(x) == x7,

which leads to:

Vi = Bi(BEY() (ALY J
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Biodiversity Dynamics

Biodiversity evolves on time according to a continuous-time
dynamic equation:

dB! N Bt
0 _RBf((1 - ——
dt ! ( ME(A;, Y,-))

where R > 0 is the intrinsic growth rate of biodiversity and M}
represents the carrying capacity of farmer's i land to host
biodiversity at time t:

M;(Ai, i) = aj — bj(aA + ),  a=>0. J

The evolution of biodiversity is thus damaged by inputs and
production: the higher are A! and Y/, the lower is the growth
rate of B!.
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Farmers Profit Function

Farmer i instantaneous profit is given by:

7f = pY! — wpAl — wpll — TAL wa > 0,w; >0

where:
@ p is the fixed price;
@ 7 is a fixed tax on inputs;

@ wy and wy represent the cost per unit of inputs and labor
respectively.

Farmers are supposed to be myopic, i.e. farmer i maximizes 7}
considering B} as fixed and given.
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Biodiversity Dynamics

We look for the biodiversity dynamics when farmers adopt their
optimal strategies (system of differential equations).

dBt - B; - B;
L —RB (1- ’ —RB([1-— >
dt < aj — b,’(OéA;k aF Yl*)> ( Ef — b,'K,'(B,')‘9
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Growth, environmental degradation

and the creation of a new sector

@ Neoclassical growth model with capital accumulation, and we
use an approach related to Stokey’s paper to generate
pollution.

@ Actual and potential output are related by the techniques of
production chosen by the planner. Dirtier techniques provide a
higher level of output but also more pollution.

@ Define long-term unlimited growth by the existence of a
balanced growth path where capital accumulation and
consumption grow at a positive rate.
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The model

/ U(C)e *tdt,

max
{C,Lze[0.1]} Jo

subject to

= (2)A(P,K)F(K, BL).
A(P,K)=A, A(P,K)=A(P/K), implies optimal growth

A(P, K) = A(P), implies SS
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The model with the new sector

max / U(C)e "t dt, (1)
{C,KX,L,LX,ZE[O,I]} 0

subject to

K = zZA(P)F(K — KX, B(L — LX)) — wBL — C,
P =g(E) — 6P — X(KX, BLX),
B=nh
E

optimal growth
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Habitat and Fishery

We consider a fishery described at any instant of time t € [0, c0)
by the available stock of fish x (t) and an index measuring its
(marine) environmental quality (M (t)).

Denote by e (t) the fishing effort at time t, and let the harvest be
given by h(t) = e(t)x(t). We assume that the state variables
evolve according to the following differential equations:

(1) = (a+ M ()x (1) (1 - f+)<;/\t4)(t)) —h(1), x(0) =%,

M (t) = M(t)(1— M(t)) — Bh(t), M(0)= M.
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Agents myopic behavior

A representative fisherperson behaves myopically when maximizing
her profit. Denote by p the exogenous price of fish and by C (e) =
%e2 the convex increasing fishing effort cost. The fisherperson’s
maximization problem is given by

€2

max m(e) = (p—7(x)) ex — 5€

where 7(x) is the tax collected by the government (or regulator),
satisfying 7/(x) < 0. In the sequel, we shall consider the following
specification for the tax function:

_ E
T(x) =70+ <

where 77,7 = 1,2 are non negative constants.

Mabel Tidball Control 6ptimo. Gestién de recursos naturales



Agent's Optimal Harvest

e=max{0,ax — v}, a=(p—1)/c, ’y:T—:.

The agent's optimal profit is

c 2 . -
op _ §[on—'y] if x > X,
™ (x) { 0 otherwise.

The profit is decreasing in the tax.
Inserting the harvesting rule into the dynamics, we obtain

X

. _ _ 2 B
x-(a—l—b/\/l)x(l f+gM> max {0,0zx yx}, x(0) = xo,

M = M(1— M) — B max {0,ax2 — 'yx}, M(0) = M.
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The role of a regulator

Suppose the government must choose a tax 7 to maximize steady
state “welfare”, where welfare is here defined as profit (i.e.
producer’s surplus) plus tax revenue. The idea is to find an optimal
tax 7, and the resulting steady state x>, M*°, and steady-state
welfare, W,

e o<t - (5) (e )]

M>(a,7)(1 = M>*(e,7)) = Bh=(a,7) = 0

subject to

and
M2, 7)) — ({0, 2))? = 1(0,7) =0
with the constraints
a<p, aglZy>v, 720



Evolution of dynamics

x(t), taul=0 =——=M(t), taul=0----- x(t), taud=0
— - — M(t). taud=0
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MCV... La mas vieja?
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Silvia
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Iy a

Il'y a des détails invisibles aux yeux
Des réves impossibles a réaliser
Des sensations difficiles a retrouver.

Il'y a des accords brisés
De chansons oubliées
Des couleurs compliquées a composer.

Il'y a des mysteéres insondables
Des chemins interminables
Des douleurs a surmonter.

Et il y a des vides
Qui seront vides a jamais.
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