
ROPTF4.m
clear all
% This program is for the relationship between welfare costs and demand elasticity (Figure 4) 

% benchmark parametrization 
% defintions
% epsilon=demand elasticity, beta=discount factor, alpha=degree of rigidity, sm=marginal cost
% spi= average inflation rate(annualized), lop=spi/400, sdelta=initial relative price distortion
% sz=1+g, stdg= standard deviation of log(1+g)

beta = 0.99;
alpha = 0.75;
spi = 2;
lop = spi/400;
stdg = 0.01;
varg = stdg^2/2;
vnu  = exp(stdg^2/2);
sz   = 1.1;

% values of demand elasticity

epsilon1 = 11;
epsilon2 = 21;
epsilon3 = 31;

% specify ranges of prference parameters

sigma = 1:0.2:5;
chi   = 1:0.2:5;

% first parametrization

epsilon = epsilon1;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% bqq1=c/c(*), e=bqq2(%)

bpp = zeros(size(sigma,2),size(chi,2));

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
bpp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
bpp1(i,j) = sigma(i);
end;
end;

bqq1 = zeros(size(sigma,2),size(chi,2));
bqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
bqq1(i,j) =  bqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^bpp(i,j));
end;
bqq2(i,j)= 100*(1 - (bqq1(i,j)^(1/(1-bpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
bqq1(1,j) =  bqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
bqq2(1,j)= 100*(1 - exp(bqq1(1,j)));
end;

% computation of c(-)/c(*) and e(-)
% dqq1=c(-)/c(*) and dqq2=e(-1)(%)

dpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
dpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
dpp1(i,j) = sigma(i);
dpp2(i,j) = vphi(i,j)*(1-sigma(i))*sz/(1+chi(j)-vphi(i,j)*(1-sigma(i))*sz);
end;
end;

dqq1 = zeros(size(sigma,2),size(chi,2));
dqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
dqq1(i,j) =  dqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^dpp(i,j))*(1-dpp2(i,j)*(alpha^m)*(sdelta-1));
end;
dqq2(i,j)= 100*(1 - (dqq1(i,j)^(1/(1-dpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
dqq1(1,j) =  dqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
dqq2(1,j)= 100*(1 - exp(-dqq1(1,j)));
end;

% computation of e(^), dqq3=e(^)(%)

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
dqq3(i,j) =  100*(1 - (1 - dqq2(i,j)/100)/(1 - bqq2(i,j)/100));
end;
end;

% second parametrization

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% eqq1=c/c(*), e=eqq2(%)

clear epsilon;
clear smc;
clear sdelta;

epsilon = epsilon2;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

epp   = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
epp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
epp1(i,j) = sigma(i);
end;
end;

eqq1 = zeros(size(sigma,2),size(chi,2));
eqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
eqq1(i,j) =  eqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^epp(i,j));
end;
eqq2(i,j)= 100*(1 - (eqq1(i,j)^(1/(1-epp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
eqq1(1,j) =  eqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
eqq2(1,j)= 100*(1 - exp(eqq1(1,j)));
end;

% welfare cost of full price stability
% computation of c(-)/c(*) and e(-)
% fqq1=c(-)/c(*) and fqq2=e(-1)(%)

fpp = zeros(size(sigma,2),size(chi,2));
sz = 1.1;

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi1(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
fpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
fpp1(i,j) = sigma(i);
fpp2(i,j) = (1-sigma(i))*sz*vphi1(i,j)/(1+ chi(j)- vphi1(i,j)*(1-sigma(i))*sz);
end;
end;

fqq1 = zeros(size(sigma,2),size(chi,2));
fqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
fqq1(i,j) =  fqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^fpp(i,j))*(1-fpp2(i,j)*(alpha^m)*(sdelta-1));
end;
fqq2(i,j)= 100*(1 - (fqq1(i,j)^(1/(1-fpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
fqq1(1,j) =  fqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
fqq2(1,j)= 100*(1 - exp(-fqq1(1,j)));
end;

% computation of e(^), fqq3=e(^)(%)

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
fqq3(i,j) =  100*(1 - (1 - fqq2(i,j)/100)/(1 - eqq2(i,j)/100));
end;
end;

% third parametrization

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% gqq1=c/c(*), e=gqq2(%)

clear epsilon;
clear smc;
clear sdelta;

epsilon = epsilon3;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

gpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
gpp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
gpp1(i,j) = sigma(i);
end;
end;

gqq1 = zeros(size(sigma,2),size(chi,2));
gqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
gqq1(i,j) =  gqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^gpp(i,j));
end;
gqq2(i,j)= 100*(1 - (gqq1(i,j)^(1/(1-gpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
gqq1(1,j) =  gqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
gqq2(1,j)= 100*(1 - exp(gqq1(1,j)));
end;

% welfare cost of full price stability
% computation of c(-)/c(*) and e(-)
% mqq1=c(-)/c(*) and mqq2=e(-1)(%)

mpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi2(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
mpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
mpp1(i,j) = sigma(i);
mpp2(i,j) = (1-sigma(i))*vphi2(i,j)*sz/(1+chi(j)-(1-sigma(i))*sz*vphi2(i,j));
end;
end;

mqq1 = zeros(size(sigma,2),size(chi,2));
mqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
mqq1(i,j) =  mqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^mpp(i,j))*(1-mpp2(i,j)*(alpha^m)*(sdelta-1));
end;
mqq2(i,j)= 100*(1 - (mqq1(i,j)^(1/(1-mpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
mqq1(1,j) = mqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
mqq2(1,j)= 100*(1 - exp(-mqq1(1,j)));
end;

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
mqq3(i,j) =  100*(1 - (1 - mqq2(i,j)/100)/(1 - gqq2(i,j)/100));
end;
end;

figure(1)
subplot(3,3,1)
mesh(chi, sigma, bqq2)
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(bqq2)]);
subplot(3,3,2)
mesh(chi, sigma, (dqq2))
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(dqq2)]);
subplot(3,3,3)
mesh(chi, sigma, (dqq3))
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(dqq3)]);
subplot(3,3,4)
mesh(chi, sigma, eqq2)
axis([1 5 1 5 0 findmax(eqq2)]);
subplot(3,3,5)
mesh(chi, sigma, fqq2)
axis([1 5 1 5 0 findmax(fqq2)]);
subplot(3,3,6)
mesh(chi, sigma, fqq3)
axis([1 5 1 5 0 findmax(fqq3)]);
subplot(3,3,7)
mesh(chi, sigma, (gqq2))
axis([1 5 1 5 0 findmax(gqq2)]);
subplot(3,3,8)
mesh(chi, sigma, (mqq2))
axis([1 5 1 5 0 findmax(mqq2)]);
subplot(3,3,9)
mesh(chi, sigma, (mqq3))
axis([1 5 1 5 0 findmax(mqq3)]);
text(13.6,    30,'\bf \epsilon = 11');
text( 3.6,    17,'\bf \epsilon = 21');
text(  -6,   4.5,'\bf \epsilon = 31');
text(-15,  8,'\bf A. first-best vs. optimal policy');
text(-9, 3.5,'\bf B. first-best vs. zero inflation');
text(-3,-1,'\bf C. optimal policy vs. zero inflation');
text(21,47,'\bf Figure 4: Welfare Costs and the Elasticity of Demand','FontSize', 12);




ROPTF5.m
clear all
% This program is for the relationship between welfare costs and degree of price rigidity (Figure 5) 

% benchmark parametrization 
% defintions
% epsilon=demand elasticity, beta=discount factor, alpha=degree of rigidity, sm=marginal cost
% spi= average inflation rate(annualized), lop=spi/400, sdelta=initial relative price distortion
% sz=1+g, stdg= standard deviation of log(1+g)

beta = 0.99;
epsilon = 11;
spi = 2;
lop = spi/400;
stdg = 0.01;
varg = stdg^2/2;
vnu  = exp(stdg^2/2);
sz   = 1.1;

% values of demand elasticity

alpha1 = 0.6;
alpha2 = 0.75;
alpha3 = 0.9;

% specify ranges of prference parameters

sigma = 1:0.2:5;
chi   = 1:0.2:5;

% first parametrization

alpha = alpha1;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% bqq1=c/c(*), e=bqq2(%)

bpp = zeros(size(sigma,2),size(chi,2));

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
bpp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
bpp1(i,j) = sigma(i);
end;
end;

bqq1 = zeros(size(sigma,2),size(chi,2));
bqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
bqq1(i,j) =  bqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^bpp(i,j));
end;
bqq2(i,j)= 100*(1 - (bqq1(i,j)^(1/(1-bpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
bqq1(1,j) =  bqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
bqq2(1,j)= 100*(1 - exp(bqq1(1,j)));
end;

% computation of c(-)/c(*) and e(-)
% dqq1=c(-)/c(*) and dqq2=e(-1)(%)

dpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
dpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
dpp1(i,j) = sigma(i);
dpp2(i,j) = vphi(i,j)*(1-sigma(i))*sz/(1+chi(j)-vphi(i,j)*(1-sigma(i))*sz);
end;
end;

dqq1 = zeros(size(sigma,2),size(chi,2));
dqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
dqq1(i,j) =  dqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^dpp(i,j))*(1-dpp2(i,j)*(alpha^m)*(sdelta-1));
end;
dqq2(i,j)= 100*(1 - (dqq1(i,j)^(1/(1-dpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
dqq1(1,j) =  dqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
dqq2(1,j)= 100*(1 - exp(-dqq1(1,j)));
end;

% computation of e(^), dqq3=e(^)(%)

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
dqq3(i,j) =  100*(1 - (1 - dqq2(i,j)/100)/(1 - bqq2(i,j)/100));
end;
end;

% second parametrization

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% eqq1=c/c(*), e=eqq2(%)

clear alpha;
clear smc;
clear sdelta;

alpha = alpha2;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

epp   = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
epp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
epp1(i,j) = sigma(i);
end;
end;

eqq1 = zeros(size(sigma,2),size(chi,2));
eqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
eqq1(i,j) =  eqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^epp(i,j));
end;
eqq2(i,j)= 100*(1 - (eqq1(i,j)^(1/(1-epp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
eqq1(1,j) =  eqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
eqq2(1,j)= 100*(1 - exp(eqq1(1,j)));
end;

% welfare cost of full price stability
% computation of c(-)/c(*) and e(-)
% fqq1=c(-)/c(*) and fqq2=e(-1)(%)

fpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi1(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
fpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
fpp1(i,j) = sigma(i);
fpp2(i,j) = (1-sigma(i))*sz*vphi1(i,j)/(1+ chi(j)- vphi1(i,j)*(1-sigma(i))*sz);
end;
end;

fqq1 = zeros(size(sigma,2),size(chi,2));
fqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
fqq1(i,j) =  fqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^fpp(i,j))*(1-fpp2(i,j)*(alpha^m)*(sdelta-1));
end;
fqq2(i,j)= 100*(1 - (fqq1(i,j)^(1/(1-fpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
fqq1(1,j) =  fqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
fqq2(1,j)= 100*(1 - exp(-fqq1(1,j)));
end;

% computation of e(^), fqq3=e(^)(%)

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
fqq3(i,j) =  100*(1 - (1 - fqq2(i,j)/100)/(1 - eqq2(i,j)/100));
end;
end;

% third parametrization

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% gqq1=c/c(*), e=gqq2(%)

clear alpha;
clear smc;
clear sdelta;

alpha = alpha3;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

gpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
gpp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
gpp1(i,j) = sigma(i);
end;
end;

gqq1 = zeros(size(sigma,2),size(chi,2));
gqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
gqq1(i,j) =  gqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^gpp(i,j));
end;
gqq2(i,j)= 100*(1 - (gqq1(i,j)^(1/(1-gpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
gqq1(1,j) =  gqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
gqq2(1,j)= 100*(1 - exp(gqq1(1,j)));
end;

% welfare cost of full price stability
% computation of c(-)/c(*) and e(-)
% mqq1=c(-)/c(*) and mqq2=e(-1)(%)

mpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi2(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
mpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
mpp1(i,j) = sigma(i);
mpp2(i,j) = (1-sigma(i))*vphi2(i,j)*sz/(1+chi(j)-(1-sigma(i))*sz*vphi2(i,j));
end;
end;

mqq1 = zeros(size(sigma,2),size(chi,2));
mqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
mqq1(i,j) =  mqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^mpp(i,j))*(1-mpp2(i,j)*(alpha^m)*(sdelta-1));
end;
mqq2(i,j)= 100*(1 - (mqq1(i,j)^(1/(1-mpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
mqq1(1,j) = mqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
mqq2(1,j)= 100*(1 - exp(-mqq1(1,j)));
end;

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
mqq3(i,j) =  100*(1 - (1 - mqq2(i,j)/100)/(1 - gqq2(i,j)/100));
end;
end;

figure(1)
subplot(3,3,1)
mesh(chi, sigma, bqq2)
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(bqq2)]);
subplot(3,3,2)
mesh(chi, sigma, (dqq2))
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(dqq2)]);
subplot(3,3,3)
mesh(chi, sigma, (dqq3))
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(dqq3)]);
subplot(3,3,4)
mesh(chi, sigma, eqq2)
axis([1 5 1 5 0 findmax(eqq2)]);
subplot(3,3,5)
mesh(chi, sigma, fqq2)
axis([1 5 1 5 0 findmax(fqq2)]);
subplot(3,3,6)
mesh(chi, sigma, fqq3)
axis([1 5 1 5 0 findmax(fqq3)]);
subplot(3,3,7)
mesh(chi, sigma, (gqq2))
axis([1 5 1 5 0 findmax(gqq2)]);
subplot(3,3,8)
mesh(chi, sigma, (mqq2))
axis([1 5 1 5 0 findmax(mqq2)]);
subplot(3,3,9)
mesh(chi, sigma, (mqq3))
axis([1 5 1 5 0 findmax(mqq3)]);
text(13.6,    30,'\bf \alpha = 0.6');
text( 3.6,    17,'\bf \alpha = 0.75');
text(  -6,   4.5,'\bf \alpha = 0.9');
text(-15,  8,'\bf A. first-best vs. optimal policy');
text(-9, 3.5,'\bf B. first-best vs. zero inflation');
text(-3,-1,'\bf C. optimal policy vs. zero inflation');
text(20,48,'\bf Figure 5: Welfare Costs and the Degree of Nominal Price Rigidity','FontSize', 12);




ROPTF6.m
clear all
% This program is for the relationship between welfare costs and initial average inflation (Figure 6) 

% benchmark parametrization 
% defintions
% epsilon=demand elasticity, beta=discount factor, alpha=degree of rigidity, sm=marginal cost
% spi= average inflation rate(annualized), lop=spi/400, sdelta=initial relative price distortion
% sz=1+g, stdg= standard deviation of log(1+g)

beta = 0.99;
epsilon = 11;
alpha = 0.75;
stdg = 0.01;
varg = stdg^2/2;
vnu  = exp(stdg^2/2);
sz   = 1.1;

% values of initial inflation 

spi1 = 2;
spi2 = 4;
spi3 = 6;

% specify ranges of prference parameters

sigma = 1:0.2:5;
chi   = 1:0.2:5;

% first parametrization

spi = spi1;
lop = spi/400;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% bqq1=c/c(*), e=bqq2(%)

bpp = zeros(size(sigma,2),size(chi,2));

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
bpp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
bpp1(i,j) = sigma(i);
end;
end;

bqq1 = zeros(size(sigma,2),size(chi,2));
bqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
bqq1(i,j) =  bqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^bpp(i,j));
end;
bqq2(i,j)= 100*(1 - (bqq1(i,j)^(1/(1-bpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
bqq1(1,j) =  bqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
bqq2(1,j)= 100*(1 - exp(bqq1(1,j)));
end;

% computation of c(-)/c(*) and e(-)
% dqq1=c(-)/c(*) and dqq2=e(-1)(%)

dpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
dpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
dpp1(i,j) = sigma(i);
dpp2(i,j) = vphi(i,j)*(1-sigma(i))*sz/(1+chi(j)-vphi(i,j)*(1-sigma(i))*sz);
end;
end;

dqq1 = zeros(size(sigma,2),size(chi,2));
dqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
dqq1(i,j) =  dqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^dpp(i,j))*(1-dpp2(i,j)*(alpha^m)*(sdelta-1));
end;
dqq2(i,j)= 100*(1 - (dqq1(i,j)^(1/(1-dpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
dqq1(1,j) =  dqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
dqq2(1,j)= 100*(1 - exp(-dqq1(1,j)));
end;

% computation of e(^), dqq3=e(^)(%)

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
dqq3(i,j) =  100*(1 - (1 - dqq2(i,j)/100)/(1 - bqq2(i,j)/100));
end;
end;

% second parametrization

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% eqq1=c/c(*), e=eqq2(%)

clear spi;
clear lop;
clear smc;
clear sdelta;

spi = spi2;
lop = spi/400;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

epp   = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
epp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
epp1(i,j) = sigma(i);
end;
end;

eqq1 = zeros(size(sigma,2),size(chi,2));
eqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
eqq1(i,j) =  eqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^epp(i,j));
end;
eqq2(i,j)= 100*(1 - (eqq1(i,j)^(1/(1-epp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
eqq1(1,j) =  eqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
eqq2(1,j)= 100*(1 - exp(eqq1(1,j)));
end;

% welfare cost of full price stability
% computation of c(-)/c(*) and e(-)
% fqq1=c(-)/c(*) and fqq2=e(-1)(%)

fpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi1(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
fpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
fpp1(i,j) = sigma(i);
fpp2(i,j) = (1-sigma(i))*sz*vphi1(i,j)/(1+ chi(j)- vphi1(i,j)*(1-sigma(i))*sz);
end;
end;

fqq1 = zeros(size(sigma,2),size(chi,2));
fqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
fqq1(i,j) =  fqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^fpp(i,j))*(1-fpp2(i,j)*(alpha^m)*(sdelta-1));
end;
fqq2(i,j)= 100*(1 - (fqq1(i,j)^(1/(1-fpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
fqq1(1,j) =  fqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
fqq2(1,j)= 100*(1 - exp(-fqq1(1,j)));
end;

% computation of e(^), fqq3=e(^)(%)

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
fqq3(i,j) =  100*(1 - (1 - fqq2(i,j)/100)/(1 - eqq2(i,j)/100));
end;
end;

% third parametrization

% c=certainty equivalent consumption level of optimal policy 
% c(*)= certainty equivalent consumption level of optimal policy
% c(-)=certainty equivalent consumption level of zero inflation policy
% e = 1-c/c(*), e(-)=1-c(-)/c(*), e(^)=1-c(-)/c

% computation of c/c(*) and e
% gqq1=c/c(*), e=gqq2(%)

clear spi;
clear lop;
clear smc;
clear sdelta;

spi = spi3;
lop = spi/400;
smc = (epsilon-1)/epsilon;
sdelta = ((1-alpha)/(1-alpha*(1+lop)^epsilon))*(((1-alpha*(1+lop)^(epsilon-1))/(1-alpha))^(1/smc));

gpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
gpp(i,j) = (1/(epsilon-1))*((1-sigma(i))*(1+chi(j))/(sigma(i) + chi(j)));
gpp1(i,j) = sigma(i);
end;
end;

gqq1 = zeros(size(sigma,2),size(chi,2));
gqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
gqq1(i,j) =  gqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta^(1-epsilon)-1))^gpp(i,j));
end;
gqq2(i,j)= 100*(1 - (gqq1(i,j)^(1/(1-gpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
gqq1(1,j) =  gqq1(1,j) + ((1-beta)/(epsilon-1))*(beta^(m-1))*log(1+(alpha^m)*(sdelta^(1-epsilon)-1));
end;
gqq2(1,j)= 100*(1 - exp(gqq1(1,j)));
end;

% welfare cost of full price stability
% computation of c(-)/c(*) and e(-)
% mqq1=c(-)/c(*) and mqq2=e(-1)(%)

mpp = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
vphi2(i,j) = exp((sigma(i)-chi(j)+2*sigma(i)*chi(j))*varg/(sigma(i)+chi(j)));
mpp(i,j) = (sigma(i)-1)*chi(j)/(sigma(i) + chi(j));
mpp1(i,j) = sigma(i);
mpp2(i,j) = (1-sigma(i))*vphi2(i,j)*sz/(1+chi(j)-(1-sigma(i))*sz*vphi2(i,j));
end;
end;

mqq1 = zeros(size(sigma,2),size(chi,2));
mqq2 = zeros(size(sigma,2),size(chi,2));

for i = 2:size(sigma,2);
    for j = 1:size(chi,2);
   for m=1:5000;
mqq1(i,j) =  mqq1(i,j) + (1-beta)*(beta^(m-1))*((1+(alpha^m)*(sdelta-1))^mpp(i,j))*(1-mpp2(i,j)*(alpha^m)*(sdelta-1));
end;
mqq2(i,j)= 100*(1 - (mqq1(i,j)^(1/(1-mpp1(i,j)))));
end;
end;

for j = 1:size(chi,2);
   for m=1:5000;
mqq1(1,j) = mqq1(1,j) + ((1-beta)/(chi(j)+1))*(beta^(m-1))*(chi(j)*log(1+(alpha^m)*(sdelta-1)) + vnu*sz*(alpha^m)*(sdelta-1));
end;
mqq2(1,j)= 100*(1 - exp(-mqq1(1,j)));
end;

for i = 1:size(sigma,2);
    for j = 1:size(chi,2);
mqq3(i,j) =  100*(1 - (1 - mqq2(i,j)/100)/(1 - gqq2(i,j)/100));
end;
end;

figure(1)
subplot(3,3,1)
mesh(chi, sigma, bqq2)
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(bqq2)]);
subplot(3,3,2)
mesh(chi, sigma, (dqq2))
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(dqq2)]);
subplot(3,3,3)
mesh(chi, sigma, (dqq3))
xlabel('\bf \chi','FontSize',12);
ylabel('\bf \sigma','FontSize',12);
zlabel('\bf %');
axis([1 5 1 5 0 findmax(dqq3)]);
subplot(3,3,4)
mesh(chi, sigma, eqq2)
axis([1 5 1 5 0 findmax(eqq2)]);
subplot(3,3,5)
mesh(chi, sigma, fqq2)
axis([1 5 1 5 0 findmax(fqq2)]);
subplot(3,3,6)
mesh(chi, sigma, fqq3)
axis([1 5 1 5 0 findmax(fqq3)]);
subplot(3,3,7)
mesh(chi, sigma, (gqq2))
axis([1 5 1 5 0 findmax(gqq2)]);
subplot(3,3,8)
mesh(chi, sigma, (mqq2))
axis([1 5 1 5 0 findmax(mqq2)]);
subplot(3,3,9)
mesh(chi, sigma, (mqq3))
axis([1 5 1 5 0 findmax(mqq3)]);
text(  13,    30,'\bf 2% inflation');
text(   3,    17,'\bf 4% inflation');
text(-6.5,   4.5,'\bf 6% inflation');
text(-15,  8,'\bf A. first-best vs. optimal policy');
text(-9, 3.5,'\bf B. first-best vs. zero inflation');
text(-3,-1,'\bf C. optimal policy vs. zero inflation');
text(21,47,'\bf Figure 6: Welfare Costs and the Initial Average Inflation','FontSize', 12);




ROPTF1.m
% Dynamics of relative price distortion under optimal and zero inflation policies
% This program is for Figure 1: Dynamics of Relative Price Distortion under Optimal and Zero Inflation Policy

% specify parameter values
alpha = 0.75;
epsilon = 11;

% symbolic calculation
a = sym('x');

% law of motion under the optimal policy 
g1 = a*(alpha + (1-alpha)*(a^(epsilon-1)))^(-1/(epsilon-1));

% law of motion under full price stability
g2 = a*alpha + (1-alpha);

% 45 degree line 
g3 = a;

% draw horizontal lines  
gg1 = (1.5)*(alpha + (1-alpha)*((1.5)^(epsilon-1)))^(-1/(epsilon-1));
gg2 = (1.5)*alpha + (1-alpha);


% construct the graph
ezplot(g1,[1, 2]);
hold on;
ezplot(g3,[1,1.5]);
hold on;
ezplot(g2,[1, 2]);
grid on;
hold on;
ezplot(g3,[1, 2]);
hold on;
ezplot(gg1,[gg1,1.5]);
hold on;
ezplot(gg2,[gg2,1.5]);
hold on;
stem(1.5,gg1,'-+b');
hold on;
stem(1.5,gg2,'-+b');
axis([1,2,1,2]);
text(gg1,gg1,'\downarrow','VerticalAlignment','Top', 'HorizontalAlignment','Center','FontSize', 18);
text(gg2,gg2,'\downarrow','VerticalAlignment','Top', 'HorizontalAlignment','Center','FontSize', 18);
text(1.4,1.18,'\downarrow','VerticalAlignment','Top', 'HorizontalAlignment','Center','FontSize', 15);
text(1.4,1.2,'\bf Optimal Monetary Policy','HorizontalAlignment','Center','EdgeColor','black','LineWidth',1.5)
text(1.7,  1.5,'\leftarrow','HorizontalAlignment','right','FontSize', 20);
text(1.7,  1.5,'\bf Zero Inflation Policy','EdgeColor','black','LineWidth',1.5)
ylabel('\bf \Delta_{t}')
xlabel('\bf \Delta_{t-1}')
title('\bf Figure 1: Dynamics of Relative Price Distortion under the Optimal and Zero Inflation Policies','FontSize', 12)
hold off




ROPTF2.m

% This program computes the transition dynamics of inflation rate, output gap, and nominal interest rate 
% This program is for Figure 2: Transition Dynamics under the Optimal and Zero Inflation Policies

% Three values for alpha
alpha = 0.9;
alpha1 = 0.75;
alpha2 = 0.6;

% The other set of parameter values
epsilon = 11;
beta =  0.99;
epsilon1 = epsilon-1;
epsilon2 = epsilon/(epsilon-1);
epsilon3 = -1/epsilon1;
sigma = 1;
chi   = 1;
kappa = (1- alpha*beta)*(1-alpha)*(sigma+chi)/alpha;

% compute three steady state values of steady state output gap
sinf = 2;
a = sinf/400;

% output gap for a = 0.9
% smch denotes the log-deviaiton of the real marginal cost
ss1 =  ((1 - alpha)/(1 - alpha*((1+a)^(epsilon-1))))^(1/(epsilon-1));  
smch = ((1 - (alpha*beta)*((1+ a)^epsilon))*ss1)/(1 - (alpha*beta)*((1+ a)^(epsilon-1)));
b1 = (1 - alpha*((1+a)^epsilon1))/(1- alpha);
b2 = 1 - alpha*((1+a)^epsilon);
sdelta = (b1^epsilon2)*((1-alpha)/b2);
sx = 100*(- (chi/(sigma+chi))*log(sdelta) + (1/(sigma+chi))*log(smch));

% specify a vector of stedy state rate of inflation, annaualized rate
alpha1 = 0.75;
bkappa = (1- alpha1*beta)*(1-alpha1)*(sigma+chi)/alpha1;
bss1 =  ((1 - alpha1)/(1 - alpha1*((1+a)^(epsilon-1))))^(1/(epsilon-1));  
bsmch = ((1 - (alpha1*beta)*((1+ a)^epsilon))*bss1)./(1 - (alpha1*beta)*((1+ a)^(epsilon-1)));
bb1 = (1 - alpha1*((1+a)^epsilon1))/(1- alpha1);
bb2 = 1 - alpha1*((1+a)^epsilon);
bsdelta = (bb1^epsilon2)*((1-alpha1)/bb2);
bsx = 100*(- (chi/(sigma+chi))*log(bsdelta) + (1/(sigma+chi))*log(bsmch));

alpha2 = 0.6;
ckappa = (1- alpha2*beta)*(1-alpha2)*(sigma+chi)/alpha2;
css1   =  ((1 - alpha2)/(1 - alpha2*((1+a)^(epsilon-1))))^(1/(epsilon-1));  
csmch  = ((1 - (alpha2*beta)*((1+ a)^epsilon))*css1)/(1 - (alpha2*beta)*((1+ a)^(epsilon-1)));
cb1    = (1 - alpha2*((1+a)^epsilon1))/(1- alpha2);
cb2    = 1 - alpha2*((1+a)^epsilon);
csdelta = (cb1^epsilon2)*((1-alpha2)/cb2);
csx = 100*(- (chi/(sigma+chi))*log(csdelta) + (1/(sigma+chi))*log(csmch));

% compute the optimal inflation rate, output gap, and interest rate gap
% specify the initial value of delta as the steady state value of delta 

n = 21;
time = 1:1:n;
delta  = zeros(n,3);
infla  = zeros(n,3);
output = zeros(n,3);
intgap = zeros(n,3);

d0 = [sdelta bsdelta csdelta];
for i=1:n;
ad1 = d0(1,1)*((alpha  + (1-alpha)*(d0(1,1)^epsilon1))^epsilon3); 
bd1 = d0(1,2)*((alpha1 + (1-alpha1)*(d0(1,2)^epsilon1))^epsilon3); 
cd1 = d0(1,3)*((alpha2 + (1-alpha2)*(d0(1,3)^epsilon1))^epsilon3); 
d1 = [ad1 bd1 cd1];
infla(i,:) = 400*(d1-d0)./d0;
output(i,:) = -100*((1+chi)/(sigma+chi))*log(d1);
intgap(i,:) = 400*((1-sigma)*chi/(sigma+chi))*(log(d1)-log(d0)); 
d0 = d1;
clear d1;
end;

% compute the equilibrium inflation rate, output gap, and interest rate gap under zero inflation policy

deltaz  = zeros(n,3);
inflaz  = zeros(n,3);
outputz = zeros(n,3);
intgapz = zeros(n,3);

dz0 = [sdelta bsdelta csdelta];
for i=1:n;
dz1(1,1) = (1 - alpha) + alpha*dz0(1,1); 
dz1(1,2) = (1 - alpha1) + alpha1*dz0(1,2); 
dz1(1,3) = (1 - alpha2) + alpha2*dz0(1,3); 
deltaz(i,1:3) = dz1;
outputz(i,1:3) = 100*(-chi/(sigma+chi))*log(dz1);
intgapz(i,1:3) = -400*(sigma*chi/(sigma+chi))*(log(dz1)-log(dz0)); 
dz0 = dz1;
clear dz1;
end;

m1 = 5;
dtime = -m1:1:n-1;
dstinf = sinf*ones(m1,3);
dsogap = [sx*ones(5,1) bsx*ones(5,1) csx*ones(5,1)];
dsintg = sinf*ones(m1,3);
axx = zeros(1,m1+n);

figure(1)
subplot(3,3,1)
plot(dtime,[dstinf(:,3); infla(:,3)], 'k-',  dtime, [dstinf(:,3); inflaz(:,3)], 'k:',  dtime, axx, 'LineWidth', 1.5);
axis([-m1,(n-1),-2,2])
grid;
xlabel('\bf inflation rate, annualized % ')
title('\bf A. \alpha = 0.6', 'Fontsize', 11)
subplot(3,3,2)
plot(dtime,[dstinf(:,2); infla(:,2)], 'k-',  dtime, [dstinf(:,2); inflaz(:,2)], 'k:',  dtime, axx, 'LineWidth', 1.5);
axis([-m1,(n-1),-2,2])
grid;
xlabel('\bf inflation rate, annualized % ')
title('\bf B. \alpha = 0.75', 'Fontsize', 11)
subplot(3,3,3)
plot(dtime,[dstinf(:,1); infla(:,1)], 'k-',  dtime, [dstinf(:,1); inflaz(:,1)], 'k:',  dtime, axx, 'LineWidth', 1.5);
axis([-m1,(n-1),-2,2])
xlabel('\bf inflation rate, annualized % ')
grid;
title('\bf C. \alpha = 0.9', 'Fontsize', 11)
subplot(3,3,4)
plot(dtime,[dsogap(:,3); output(:,3)], 'k-', dtime, [dsogap(:,3); outputz(:,3)], 'k:', dtime, axx, 'LineWidth', 1.5);
axis([-m1,(n-1),-0.5,0])
xlabel('\bf output gap, %')
grid;
subplot(3,3,5)
plot(dtime,[dsogap(:,2); output(:,2)], 'k-', dtime, [dsogap(:,2); outputz(:,2)], 'k:', dtime, axx, 'LineWidth', 1.5);
axis([-m1,(n-1),-0.5,0])
xlabel('\bf output gap, %')
grid;
subplot(3,3,6)
plot(dtime,[dsogap(:,1); output(:,1)], 'k-', dtime, [dsogap(:,1); outputz(:,1)], 'k:', dtime, axx, 'LineWidth', 1.5);
axis([-m1,(n-1),-3,0])
xlabel('\bf output gap, %')
grid;
subplot(3,3,7)
plot(dtime,[dsintg(:,3); intgap(:,3)], 'k-', dtime,[dsintg(:,3); intgapz(:,3)], 'k:',   dtime,axx, 'LineWidth', 1.5);
xlabel('\bf interest rate gap, annualized %')
grid;
subplot(3,3,8)
plot(dtime,[dsintg(:,2); intgap(:,2)], 'k-', dtime,[dsintg(:,2); intgapz(:,2)], 'k:',   dtime,axx, 'LineWidth', 1.5);
grid;
xlabel('\bf interest rate gap, annualized %')
subplot(3,3,9)
plot(dtime,[dsintg(:,1); intgap(:,1)], 'k-', dtime,[dsintg(:,1); intgapz(:,1)], 'k:',   dtime,axx, 'LineWidth', 1.5);
xlabel('\bf interest rate gap, annualized %')
legend('\bf optimal policy', '\bf zero inflation', 1)
grid;
text(-58,7.8,'\bf Figure 2: Transition Dynamics under the Optimal and Zero Inflation Policies','FontSize', 12);



ROPTF3.m
% compute the relationship between steady state outout gap and inflation rate 
% This program is for Figure 3: Steady State Relatioship between Output Gap and Inflation

% Three sets of parameters values 

% The first-set
alpha =  0.9;
epsilon = 11;
beta =  0.99;
epsilon1 = epsilon-1;
epsilon2 = epsilon/(epsilon-1);
epsilon3 = -1/epsilon1;
sigma = 1;
chi   = 1;
kappa = (1- alpha*beta)*(1-alpha)*(sigma+chi)/alpha;

% This is for a = 0.9 
% specify a vector of stedy state rate of inflation, annaualized rate
sinf1 = 0:0.1:3;
a1= sinf1/400;

% smch denotes the log-deviaiton of the real marginal cost
ss1 =  ((1 - alpha)./(1 - alpha*((1+a1).^(epsilon-1)))).^(1/(epsilon-1));  
smch = ((1 - (alpha*beta)*((1+ a1).^epsilon)).*ss1)./(1 - (alpha*beta)*((1+ a1).^(epsilon-1)));
b1 = (1 - alpha*((1+a1).^epsilon1))/(1- alpha);
b2 = 1 - alpha*((1+a1).^epsilon);
sdelta = (b1.^epsilon2).*((1-alpha)./b2);
sx = 100*(- (chi/(sigma+chi))*log(sdelta) + (1/(sigma+chi))*log(smch));
sl = 100*((1-beta)/kappa)*a1;

% This is for a = 0.6 and a = 0.75 

% specify a vector of stedy state rate of inflation, annaualized rate
sinf2 = 0:0.1:6;
a= sinf2/400;

% This is for a = 0.75;
alpha1 = 0.75;
bkappa = (1- alpha1*beta)*(1-alpha1)*(sigma+chi)/alpha1;
bss1 =  ((1 - alpha1)./(1 - alpha1*((1+a).^(epsilon-1)))).^(1/(epsilon-1));  
bsmch = ((1 - (alpha1*beta)*((1+ a).^epsilon)).*bss1)./(1 - (alpha1*beta)*((1+ a).^(epsilon-1)));
bb1 = (1 - alpha1*((1+a).^epsilon1))/(1- alpha1);
bb2 = 1 - alpha1*((1+a).^epsilon);
bsdelta = (bb1.^epsilon2).*((1-alpha1)./bb2);
bsx = 100*(- (chi/(sigma+chi))*log(bsdelta) + (1/(sigma+chi))*log(bsmch));
bsl = 100*((1-beta)/bkappa)*a;

% This is for a = 0.6;
alpha2 = 0.6;
ckappa = (1- alpha2*beta)*(1-alpha2)*(sigma+chi)/alpha2;
css1   =  ((1 - alpha2)./(1 - alpha2*((1+a).^(epsilon-1)))).^(1/(epsilon-1));  
csmch  = ((1 - (alpha2*beta)*((1+ a).^epsilon)).*css1)./(1 - (alpha2*beta)*((1+ a).^(epsilon-1)));
cb1    = (1 - alpha2*((1+a).^epsilon1))/(1- alpha2);
cb2    = 1 - alpha2*((1+a).^epsilon);
csdelta = (cb1.^epsilon2).*((1-alpha2)./cb2);
csx = 100*(- (chi/(sigma+chi))*log(csdelta) + (1/(sigma+chi))*log(csmch));
csl = 100*((1-beta)/ckappa)*a;

figure(1)
subplot(2,2,1)
plot(sinf2(1:size(sinf1,2)), csdelta(1:size(sinf1,2)), 'k:', sinf2(1:size(sinf1,2)), bsdelta(1:size(sinf1,2)),'k-', sinf1, sdelta, 'k-*', 'LineWidth', 1.5);
axis([0, max(sinf1), 1, max(sdelta)])
grid;
xlabel('\bf inflation rate, annualized percentage', 'FontSize', 11)
ylabel('\bf relative price distortion', 'FontSize', 11)
legend('\bf \alpha = 0.6','\bf \alpha = 0.75','\bf \alpha = 0.9', 2)
title('\bf A. Relative Price Distortion', 'FontSize', 11);
subplot(2,2,2)
plot(sinf2, csx, 'k-', sinf2, csl, 'k:', 'LineWidth', 1.5);
axis([0, max(sinf2), min(csx), 0.1])
grid;
xlabel('\bf inflation rate, annualized percentage', 'FontSize', 11)
ylabel('\bf output gap, percentage', 'FontSize', 11)
title('\bf B. Output Gap and Inflation, \alpha = 0.6', 'FontSize', 11);
subplot(2,2,3)
plot(sinf2, bsx, 'k-', sinf2, bsl, 'k:', 'LineWidth', 1.5);
axis([0, max(sinf2), min(bsx), 0.2])
grid;
xlabel('\bf inflation rate, annualized percentage', 'FontSize', 11)
ylabel('\bf output gap, percentage', 'FontSize', 11);
title('\bf C. Output Gap and Inflation, \alpha = 0.75', 'FontSize', 11);
subplot(2,2,4)
plot(sinf1, sx, 'k-', sinf1, sl, 'k:', 'LineWidth', 1.5);
axis([0, max(sinf1), min(sx), 1]);
grid;
xlabel('\bf inflation rate, annualized percentage', 'FontSize', 11)
ylabel('\bf output gap, percentage', 'FontSize', 11)
title('\bf D. Output Gap and Inflation, \alpha = 0.9', 'FontSize', 11);
legend('\bf  original steady state relation', '\bf log-linearized AS relation', 3);
text(-3,20.5,'\bf Figure 3: Steady State Relationship between Output Gap and Inflation','FontSize', 12);
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This document is to guide a user how to use m-files to replicate simulation results in the 
paper, which is entitled “Optimal Monetary Policy with Relative Price Distortions (AER 
manuscript # 20030062)” 
 
1. How to replicate results in the paper   
 
The zip file ‘SIMULATIONF.ZIP’ includes 6 m-files for ROPTF1.m through ROPTF6.m 
with a PDF README file. All of 6 simulation files are all MATLAB m-files. In order to 
replicate the results, run each m-file using MATLAB.  Each m-file then produces a figure, 
which is included in the paper.    
 
2. Description of simulation files 
 
ROPTF1.m: m-file for Figure 1 
ROPTF2.m: m-file for Figure 2 
ROPTF3.m: m-file for Figure 3 
ROPTF4.m: m-file for Figure 4 
ROPTF5.m: m-file for Figure 5 
ROPTF6.m: m-file for Figure 6 
 
 
 






