2 Optimisation and comparative statics
2.1 One choice variable
Production-Abatement model
Under perfect competition firms maximise profits: 

revenues – costs – emission taxes
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Symbolic math toolbox – analytical solution
symbo.m

%p=10; t=5; eps=0.5;
syms y p t eps
tavoitefunktio = p*y-y^2-t*eps*y
eke=diff(tavoitefunktio)
toke=diff(tavoitefunktio,2)
optimituotanto=solve(eke)
Term p is price, y is production, c production cost function, t emission tax, e emissions and epsilon environmental technology.

voitto.m

p=10; t=5; eps=0.5;

for i=1:80   

    y=(i-1)/10;    

    

    P(i)=p*y-y^2-t*eps*y;    

end

[Pstar I]=max(P);

Pstar

ystar=(I-1)/10

plot(P)
Comparative statics: 
kompstat.m

clear 

for p=1:10

    VOITTO 




    Optimituotanto(p)=ystar;

    Optimivoitto(p)=Pstar;

end

clf reset 





Optimituotanto

Optimivoitto

figure(1)

plot(Optimivoitto)

figure(2)

plot(Optimituotanto)

Algorithm fminsearch
Need separate m-file for the objective function
tuotpuhd.m

function P=tuotpuhd(y)

global p t eps





P=-(p*y-y^2-t*eps*y)




Optimisation m-file
opttp.m

global p t eps

p=10;

t=5;

eps=.5;

[ystar Pstar]=fminsearch(@tuotpuhd,0);        

Optimivoitto=-Pstar

Optimituotanto=ystar
Comparative statics
kompstattp.m

global p t eps

%p=10;

t=5;

eps=.5;

for p=1:10

[ystar Pstar]=fminsearch(@tuotpuhd,0);

Optimivoitto(p)=-Pstar;

Optimituotanto(p)=ystar;

end

Optimivoitto

Optimituotanto
2.2 Two choice variables 
Firm is now assumed to have abatement technology:
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Analytical:
symbo2.m
%p=10; t=5; eps=0.5;
syms y a p t eps
tavoitefunktio = p*y-0.9*y^2-y*a-0.5*a^2-t*(eps*y-a)
eke1=diff(tavoitefunktio,y)
eke2=diff(tavoitefunktio,a)
[a,y]=solve(eke1, eke2, y, a)
a = abatement.
voittoa.m

p=10; t=5; eps=0.4;

for i=1:8   

 for j=1:2 

     a=j-1;

    y=i;    

P(i,j)=p*y-0.9*y^2-y*a-.5*a^2-t*(eps*y-a);

end

end
[Y I1]=max(max(P));



[Y I2]=max(P(:,I1));




ystar=I2
Pstar=Y
astar=I1-1
estar=eps*ystar-(I1-1)
kompstata.m

for EPS=1:5
eps=EPS/10

    VOITTOA 

    Optimituotanto(EPS)=ystar;

    Optimipuhdistus(EPS)=astar;

    Optimivoitto(EPS)=Pstar;

    Optimipaastot(EPS)=estar;
end

clf reset 

figure(1)

plot(Optimivoitto)

figure(2)

plot(Optimituotanto)

figure(3)

plot(Optimipuhdistus)

figure(4)

plot(Optimipaastot)

Fminsearch algorithm
tuotpuhda.m

function P=tuotpuhda(y)

global p t eps

P=-(p*y(1)-0.9*y(1)^2-y(1)*y(2)-.5*y(2)^2-t*(eps*y(1)-y(2)));
Note:  a=y(2).

opttpa.m

global p t eps

p=10;

t=5;

eps=.5;

fminsearch(@tuotpuhda,[0 0])

Optimituotanto=ans(1)

Optimipuhdistus=ans(2)

Optimivoitto=-tuotpuhda([Optimituotanto Optimipuhdistus])

2.3. Constrained optimisation
Firm’s optimal production under emission control.
max 
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Objective funtion:
tavfun.m

function f = tavfun(y)
f = -(2*y(1)-.4*y(1)^2);
%max profits
%price p=2, cost parameter C=0.4
Constraint finction
rajfun.m

function [c, ceq] = rajfun(y)
% Non-linear inequality constraints
c = [.2*y(1) - 1];
%max emissions = 1, epsilon 0.2
% Equality constraints
ceq = [];
Optimisation m-file:
rajo.m

y0 = [1];       % initial value for algorithm
lb = [0];        % lower bound
ub = [ ];          % upper bound
 [y,fval] = fmincon(@tavfun,y0,[],[],[],[],lb,ub,@rajfun)
[c, ceq] = rajfun(y)
Because we have linear constraints, can be done also without rajfun m-file:
rajo2.m

y0 = [1];       
lb = [0];        
ub = [ ];          
 [y,fval] = fmincon(@tavfun,y0,[0.2],[1],[],[],lb,ub)
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