3 Dynamic bioeconomic model
Maximise the value of a renewable resource, given the population dynamics constraint:
max 
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s.t. x​t+1 - xt = F(xt) – ht
p=price, c=unit cost of effort, E=effort, r= discount ratem t=time, T=simulation period, F=growth function, h=harvest

Production function ht = Etxt. F=Rxt (1-xt/K), where R=intrinsic growth rate, K=carrying capacity of the population.
We model in 5 steps:
A) Biological model, ht = 0. 

B) Add harvest (production function).

C) Add prices, costs and discount rate.

D) Find optimal effort E
E) Find optimal effort Et
A. Discrete-time logistic growth:
logistinen.m

clear all

R=0.8; K=100;

x(1)=1;


for t=2:20

x(t)=x(t-1)+R*x(t-1)*(1-x(t-1)/K);


end

plot(x,'linewidth',4)

axis([0 20 0 110])
 

xlabel(’time t')

ylabel('biomass x')

grid on
Changing R, see: Conrad & Clark (Natural Resource Economics: Notes and problems) 1987 s. 64-66 (original May 1975 Journal of Theoretical Biology)
As function:
dynfkt.m
function x=dynfkt(R,K,T)

x(1)=1;

for t=2:T

x(t)=x(t-1)+R*x(t-1)*(1-x(t-1)/K);


end
clf reset

plot(x)

Try eg dynfkt(.8,100,3) ja dynfkt(.8,100,17) in command window after saving the function.
Uncertainty rand or  randn
clear all

R=.8; K=100;    
x(1)=1;        

for t=1:20

x(t+1)=x(t)+R*rand*x(t)*(1-x(t)/K
end

plot(x,'linewidth',1)
xlabel('aika t')
ylabel('biomassa x')
grid on
Here rand is a uniformly distributed random variable [0,1]. Term randn tuottaisi gives a normally distributed random variable with mean 0 and variance 1.

Note that these are all pseudo random numbers
B. Add harvests
saalistus.m

clear all

R=0.8; K=100;

x(1)=20;    



E=.5;   




h(1)=E*x(1); 


for t=2:20

x(t)=x(t-1)+R*x(t-1)*(1-x(t-1)/K)-h(t-1);
 

h(t)=E*x(t);                     

end

figure(1) 





plot(x,'linewidth',4) 

xlabel(’time t')

ylabel('biomass x')

grid on

figure(2)

plot(h)
As function:
saalistusfkt.m

function x=saalitusfkt(R,K,T,E)

x(1)=20;


h(1)=E*x(1); 

for t=2:T

x(t)=x(t-1)+R*x(t-1)*(1-x(t-1)/K)-h(t-1);
 
h(t)=E*x(t) 

end
clf reset

figure(1)

plot(x)

title('stock’)

figure(2)

plot(h)

title('harvest')

C. Bioeconomic model
bioekonomia.m

%Add p, c and r

clear all

R=0.8; K=100;

x(1)=20;    


E=.5;       

h(1)=E*x(1); 

p=1; 

c=7;    

r=0.1;    

P(1)=p*h(1)-c*E;

for t=2:20

x(t)=x(t-1)+R*x(t-1)*(1-x(t-1)/K)-h(t-1);
 

h(t)=E*x(t); 

P(t)=(p*h(t)-c*E)/((1+r)^(t-1));    

end

Nykyarvo=sum(P)  

D. Finding optimal E
bioekonomiaopt.m

clear all

R=.8; K=100;

x(1)=20; 

for e=1:10

    E=e/10;

h(1)=E*x(1);

p=1; c=7; r=0.1;

P(1)=p*h(1)-c*E;

for t=2:20

    x(t)=x(t-1)+R*x(t-1)*(1-x(t-1)/K)-h(t-1);

    h(t)=E*x(t);

    P(t)=(p*h(t)-c*E)/((1+r)^(t-1)); 

end

Nykyarvo=sum(P);

voitot(e)=Nykyarvo

end

[NPVstar Estar]=max(voitot)

oikeaEstar=Estar/10
As function

optfkt.m

function PII=optfkt(E)

R=0.8; K=100;

x(1)=20;


T=20;

h(1)=E*x(1);

p=1; c=7; r=0.1;

P(1)=p*h(1)-c*E;

for t=2:T

x(t)=x(t-1)+R*x(t-1)*(1-x(t-1)/K)-h(t-1);

h(t)=E*x(t);

    P(t)=(p*h(t)-c*E)/((1+r)^(t-1)); 

end

PII=-(sum(P));

Optiminykyarvo=-PII
Writing this in command window will find the optimum after saving the function:

fminsearch(@optfkt,.6)
Try also with higher initial value: fminsearch(@optfkt,9)

E. Finding optimal E(t).
Tehdään  funktiototeutuksena luomalla ensin funktio bioekonomiadynoptfkt.m, joka on optfkt.m tiedosto muutettuna siten, että E on nyt vektori.
dynoptfkt.m
function PII=dynoptfkt(E)

R=0.8; K=100;

x(1)=20;


T=20;

h(1)=E(1)*x(1);

p=1; c=7; r=0.1;

P(1)=p*h(1)-c*E(1);

for t=2:T

x(t)=x(t-1)+R*x(t-1)*(1-x(t-1)/K)-E(t-1)*x(t-1);

h(t)=E(t)*x(t);

    P(t)=(p*h(t)-c*E(t))/((1+r)^(t-1)); 

end

PII=-(sum(P));

Optiminykyarvo=-PII

m-file for optimisation using fmincon-function
bioekodyn.m

E0 = zeros(1,20);       % Make a starting guess at the solution
lb = zeros(1,20);        % Set lower bounds
ub = .8*ones(1,20);          % No upper bounds
options = optimset('LargeScale','off');
[E,fval] = fmincon(@dynoptfkt,E0,[],[],[],[],lb,ub,[],options)
Here E0 is the initial value for the algorithm, meaning that NPV is first computed for a case where effort is zero for all years, then the algorithm automatically chooses other values for the efforts for each year.
Terms lb and ub constrain feasible yearly efforts between 0 and 0.8.

Term options is not necessary, it can be used eg to choose between different algorithms and how many iterations the algorithm does before terminates.
E gives the optimal effort, fval the optimal value of the objective function (NPV).
@dynoptfkt says that dynoptfkt is the function that is optimised. 
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