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5 Further Topics

After Carroll’s seminal work, endogenous grid methods combined with
backward induction have been extended and applied to many fields, includ-
ing labor supply (Barillas, Francisco & Fernandez-Villaverde, Jesus, (2007)
“A generalization of the endogenous grid method,” Journal of Economic
Dynamics and Control, Elsevier, vol. 31(8), pages 2698-2712, August.), (2)
aggregate shock and change in wealth distribution in incomplete capital
market (Reiter, Michael, (2009) “Solving heterogeneous-agent models by
projection and perturbation,” Journal of Economic Dynamics and Control,
Elsevier, vol. 33(3), pages 649-665, March.).

6 Matlab Code for the Endogneous Grid Method

The following matlab program solves the standard buffer stock saving
model based on parameters calibrated for Japanese young households. To
implement the code, we need two additional codes, (1) compecon tool box
(by Miranda and Fackler, available in there web-site) and (2) spline_linear_val.m
(under the GNU LPGL Lincense). See my paper in Keizaikenkyu (0O O O
0) in 2013 for the detail of calibration.

%% % % % % % % % % % % % % % % % % % % % % %0 %0 %0 %0 %0 %0 %0 %o %o %o Yo
%% A simple buffer stock saving model

%

% Solving a finite time model by backward induction
% u= (c"(1l-gamma))/(1-gamma)

% x(t+1)=R(x(t)-c(t))/(G(t+1)*N(t+1)) +V(t+1)
%

% Needs (1) Compecon toolbox for quadrature, and
% (2) spline_linear_val.m for piecewise linear spline
%

% May, 2017

% Naohito Abe

%

clear all

tic

%
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%% Set Parameter Values

alpha=0.1;

gamma=3; % risk aversion

Beta=0.90; % Discount Factor

maxage=70; % the maximum age after age 20 (maxage + 20 =year)
retire_age=40; % Retirement at age 60

gridpoint=100; % the number of spline grid for cash on hands, COH.
Rate=1.02; % The rate of return on non risk assets

%% Deterministic Wage Schedules

agelist=linspace(20,90,71);

% Taken from 00 23000000000 3-3-14

Dataforwage=|

20 1199.40 ;
25 1417.00 ;
30 1646.70
35 1877.60 ;
40 2132.70 ;
45 2313.90 ;
50 2355.20 ;
55 2251.50 ;
60 1723.40 ;

651723.40/2 |

70 1723.40/2

75 1723.40/2 ;

80 1723.40/2 ;

851723.40/2 |

90 1723.40/2  1;

% Use cubic spline to interporate the wage-age profile

gspline=spline( Dataforwage(:,1), Dataforwage(:,2));

Growthl=ppval(gspline,agelist);

%

for i=1:70

Growth1(i)=spline_linear_val(length( Dataforwage(:,1)), Dataforwage(:,1)
, Dataforwage(:,2) ,agelist(i));

end

Growth=ones(70,1);

% Growth Rate

for i=2:70

Growth(i-1)=Growth1(i)/Growth1(i-1);
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end

%% Permanent and Transitory Shock

% Permanent Shock

numgridforinteg = 10; % the number for integration

pvariance=0.023; % from 21 000000 (OO (2013))

pnum=numgridforinteg; % number of cdf points for integration

% transitory shock

tvariance=0.0116;% from 21000000 (OO (2013))

tnum=numgridforinteg; % number of cdf points for integration

%% For Integration (CDF Points)

minshock=0.00000001;

maxshock=2;

[xpoint,weightquad]=gnwlege(tnum,minshock,maxshock);% quadrature point
and weight

meantshock=sum(weightquad(:).*xpoint(:).*lognpdf(xpoint(:),0,sqrt(tvariance)));

meanpshock=sum(weightquad(:).*xpoint(:).*lognpdf(xpoint(:),0,sqrt(pvariance)));

%

%% Euler Equation at the Last Period % %% % %% % %% %% % %% % %%

% ¢(T-1)"-gamma=E[RB ( R(aGNV)"-gamma) (GN)"-gammal]

% Note ¢cT=xT, aT=0

% Given grid of a(T-1), obtaining the RHS by integration.

% using exp(exp(log(log))) gives more grids for smaller values (near zero)

% than endperiasset=(linspace(0.001, 500, gridpoint))

endperiasset= exp(exp(linspace(0,log(log(50+1)+1),gridpoint))-1)-1;

endperiasset= endperiasset’;

forsum=zeros(gridpoint,1);

COH=zeros(gridpoint,1);

prevcons=zeros(gridpoint,1);

for i=1:gridpoint

COH(i)=(Rate*endperiasset (i) /(Growth(maxage)) )+1;

forsum(i)=(COH(i)) " (-gamma);

preveons(i)= (Rate*Beta*forsum(i))"(-1/gamma);

end

%% Backward Induction

COHtable=zeros(gridpoint,maxage);

prevconstable =zeros(gridpoint,maxage);

COHtable(:,maxage)=COH;

prevconstable(:,maxage)=COH,;

%% Current Cash on Hands
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COH=endperiasset+prevcons;

%% Policy Function at one period before the last

consumptionfull=zeros(gridpoint,1);

% Linear Spline is doing good job than cubic when extraporating

for i=1:gridpoint

consumptionfull(i) = spline_linear_val(length(COH(:,1)),COH(:,1), pre-
veons(:,1) ,COH(I));

end

COHtable(:,maxage-1)=COH;

prevconstable(:,maxage-1)=prevcons;

for t=2:maxage-1

invretire=maxage-retire_age;

forsumF=zeros(gridpoint,1);

forsum1=zeros(gridpoint,1);

prevconsl=zeros(gridpoint, 1);

if t<=invretire %after retireme

for i=1:gridpoint

xifull=(Rate*endperiasset (i) /(Growth(maxage-t+1)))+1;

cifull=spline_linear_val(length(COH(:,1)),COH(:,1), prevcons(:,1) xifull);

cifull=min(cifull,xifull);

forsum(i)=((cifull) " (-gamma)) *((Growth(maxage-t+1))" (-gamma));

preveonsl(i)= (Rate*Beta*forsum(i))”(-1/gamma);

prevconsl (i)=max(prevconsl(i),0);

end

% update

for i=1:gridpoint

prevcons(i)= prevconsl(i);

end

COH=endperiasset+prevcons;

COHtable(:,maxage-t)=COH,;

prevconstable(:,maxage-t)= prevcons;

end

if t>invretire %before the retirnent

%xpoint,weightquad;

% expected marginal utility

for i=1:gridpoint

forsumF (i)=0;

for j=1:pnum

for 1=1: tnum
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% transform at to xt, and ct

xifull=((Rate*endperiasset(i) /(Growth(maxage-t+1)*xpoint(j)))+xpoint(1));

cifull= spline_linear_val(length(COH(:,1)),COH(:,1), prevcons(:,1) ,xifull);

cifull=min(cifull,xifull);

forsumfullmid=weightquad(1)*weightquad(j)*((cifull) " (-gamma)) *((Growth(maxage-
t+1)*xpoint(j)) " (-gamma) ) *lognpdf(xpoint(j),0,sqrt (pvariance) ) *lognpdf(xpoint(1),0,sqrt(tvariance));

forsumF (i)=forsumfullmid+forsumF (i);

end

end

%consumption for each grid

forsum1(i)=forsumF(i);

preveonsl(i)= (Rate*Beta*forsuml(i))"(-1/gamma);

prevconsl (i)=max(prevconsl(i),0);

end

% update

for i=1:gridpoint

prevcons(i)= prevconsl(i);

end

COH=endperiasset+prevcons;

prevconstable(:,maxage-t)= prevcons;

COHtable(:,maxage-t)=COH;

end

end

%% Plotting the policy function

gridforplot=(linspace(0,2, 200))’;

consumption_plot=zeros(200, maxage);

%

for t=0:maxage-1

for i=1:200

consumption_plot(i,maxage-t)=spline_linear_val(length(COHtable(:,maxage-
t)), COHtable(:,maxage-t),prevconstable(:,maxage-t) ,gridforplot(i));

consumption_plot(i,maxage-t)=min(consumption_plot(i,maxage-t),gridforplot(i));

end

end

figure

plot( gridforplot, consumption_plot(:,1),’k’, 'LineWidth’,1 );

hold on

plot( gridforplot, consumption_plot(:,30),’kx’, 'LineWidth’,1 );

plot( gridforplot, consumption_plot(:,60),’0’, "LineWidth’,1 );
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title(’Consumption’);xlabel(’Cash on Hand’);

hold off

%% Life Cycle Simulation % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %

%

simnum=>5000;% the number of households

sigma=0.1;% standard deviation of the initial wealth distribution

%mhu =0;% mean of the initial wealth distribution

mhu =1;% mean of the initial wealth distribution

cons_sim=zeros(simnum, maxage);% Simulated Consumption Path

wealthl=zeros(simnum,1);% Simulated Wealth Path

iniwealth=zeros(simnum,1);% Create the initial distribution of the wealth

for i=1:simnum

iniwealth(i)=lognrnd(mhu, sigma);

end

% setting very small initial wealth level

iniwealth=0.001*ones(simnum,1);

consumption=zeros(simnum, maxage);

currentincome=zeros(simnum,maxage);

currentincome2=zeros(simnum,maxage);

endofasset=zeros(simnum, maxage);

Perm=zeros(simnum,1);

Perm1=zeros(simnum,1);

gappershock=1/meanpshock;

gaptshock=1/meantshock;

for i=1:simnum

wealthl(i)=iniwealth(i);% initial wealth

Perm(i)=1;

t=1;

permshock=lognrnd(0,sqrt(pvariance))*gappershock;

tempshock=lognrnd(0,sqrt(tvariance))*gaptshock;

Perm1(i)=Perm(i)*Growth(t)*permshock;

xtilda=Rate*wealth1(i)*(1/(Growth(t)*permshock))+tempshock;

cons=spline_linear_val(length(COHtable(:,t)), COHtable(:,t),prevconstable(:,t)
,xtilda);

cons=min(cons, xtilda);

capx=xtilda*Perm1(i);

capcons=cons*Perm1(i);

income=xtilda*Perm1(i)- Rate*wealth1(i)*Perm(i)+ (Rate-1)*wealthl(i)*Perm(i);

Youpdate
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Perm(i)=Perm1(i);

wealthl(i)=xtilda-cons;

consumption(i,t)=capcons;

currentincome(i,t)=income;

endofasset(i,t)=wealth1(i)*Perm(i);

for t=2:maxage

if t<=retire_age

permshock=lognrnd(0,sqrt(pvariance))*gappershock;

tempshock=lognrnd(0,sqrt(tvariance))*gaptshock;

Perm1(i)=Perm(i)*Growth(t)*permshock;

xtilda=Rate*wealth1(i)/(Growth(t)*permshock)+1*tempshock;

cons=spline_linear_val(length(COHtable(:,t)), COHtable(:,t),prevconstable(:,t)
,xtilda);

cons=min(cons, xtilda);

capx=xtilda*Perm1(i);

capcons=cons*Perm1(i);

income=xtilda*Perm1(i)- Rate*wealth1(i)*Perm(i)+(Rate-1)*wealthl(i)*Perm(i);

Perm(i)=Perm1(i);

wealthl(i)=xtilda-cons;

consumption(i,t)=capcons;

currentincome(i,t)=income;

endofasset (i,t)=wealth1(i)*Perm(i);

end

if t>retire_age

Perm1(i)=Perm(i)*Growth(t);

xtilda=Rate*wealth1(i)/Growth(t)+1;

cons=spline_linear_val(length(COHtable(:,t)), COHtable(:,t),prevconstable(:,t)
,xtilda);

cons=min(cons, xtilda);

capx=xtilda*Perm1(i);

capcons=cons*Perm1(i);

income=xtilda*Perm1(i)- Rate*wealth1(i)*Perm(i)+(Rate-1)*wealthl(i)*Perm(i);

Perm(i)=Perm1(i);

wealthl(i)=xtilda-cons;

consumption(i,t)=capcons;

currentincome(i,t)=income;

endofasset (i,t)=wealth1(i)*Perm(i);

end

end
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end

%% Plotting the life cycle profiles
consumption_life=zeros(maxage, 1);
income_life=zeros(maxage, 1);
wealth_life=zeros(maxage, 1);

for t=1:maxage
consumption_life(t)=mean(consumption(:,t));
income_life(t)=mean(currentincome(:,t));
wealth_life(t)=mean(endofasset(:,t));

end

figure

plot(consumption_life,’k’);

hold on

plot(income_life, ’kx’);

plot(wealth_life,’ko’);

legend (’Consumption ’,’Income’,2,” Asset’, 3);

toc
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