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1.2.3 0000000 (Value Function Iteration)
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00 Miranda and Fackler (2002) 00 0000000000000

12



2 Code

%% Simple Life Cycle Consumption Model with Uncertainty
%

% 0000000040 Backward Induction O O O

% 00000000 CRRA

% W(t+1)=R*W(t) + Y(t) -C(t)
%oooooooooooooo

% 20100 100

%0000

clear all

tic

%% Set Parameter Values

gamma=3; % 000000

beta=0.97; % 0000

R=1.01; % 00 (1/beta00000D000)
maxage=60; % 0000

retire_age=40;% 0000 (00000000 OD0OOOOO)
%% 000000000

max w=100;% 000000

min.w=0;% 000000 (D000)

incw=0.1;% 00000

n= round((max_w-min_w)/inc.w+1); % # 00000
% 000000

for i=1:n

w(i,1)=min_w+inc_w*(i-1);

end

%

%% 0000 %%%%%%%%%% %% % %% %% %% % %%
shockvalue=zeros(1,2); % 000000
shockvalue(1)=0.7; % 000000
shockvalue(2)=1.3; % 000000

%

%0000

trprob=[ 0.9 0.1; 0.1 0.9 |;

% 00000000400

Earning=ones(maxage,1); % 000000
gyoung=1.07; % 000000000000

for k=1:maxage

if k<=retire_age
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Earning(k)=1+1*g_young~ (k-1);

elseif k>retire_age
Earning(k)=0.7*Earning(retire_age);

end

end

%

%% 000 %%%%%%%%%%%% %% %%%
VL_age=zeros(n,maxage);% 00000000
VH_age=zeros(n,maxage);
Util=-10000000000000000000*ones(n,n);% 0000000000
Cons=zeros(n,n);

policy_l_age=zeros(n,maxage);% 00 O Policy 00O OO0
policy_h_age=zeros(n,maxage);

policy 1=zeros(n,1);

policy_h=zeros(n,1);

%% 0000 %%%%%%%%%%% % %% % %%

%

for i=1:n

for j=1:mn

Cons(i,j)=R*w(i)+Earning(maxage);

if Cons(i,j)>0.0
Util(i,j)=(Cons(i,j) " (1-gamma)) /(1-gamma);

end

end

end

%

% 0000000000000

for i=1n

VL1(1,i)=Util(i,1);

VH1(1,i)=Util(i,1);

policy 1 age(i,maxage)=R*w(i)+Earning(maxage);
policy_h_age(i,maxage)=R*w(i)+Earning(maxage);
end

%

VL _age(:,maxage)=VL1’;
VH_age(:,maxage)=VHI’;

%

%% Main Loop: Backward Induction %%%%%% %

for k=2:maxage
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%k=10000 PolicyOOOOOOO
Cl=zeros(n,n);

Ch=zeros(n,n);

Ul = -10000000000000000000*ones(n,n);

Uh = -10000000000000000000*ones(n,n);

for i=1n

for j=1n

invretire=maxage-retire_age;

invage=maxage-k+1; % 00000

if k<=invretire % 0 0 O
%00000000000000000
Cons(i,j)=R*w(i)+Earning(invage)-w(j);

if Cons(i,j)>0.0
Ul(i,j)=(Cons(i,j) " (1-gamma)) /(1-gamma);
Uh(i,)=Ul(1j);%

end

end

if k>invretire % 0 0O O
Cl(i,j)=R*w(i)+Earning(invage)*shockvalue(1)-w(j);
Ch(i,j)=R*w(i)+Earning(invage)*shockvalue(2)-w(j);
if Cl(1,j)>0

Ul(1,j)=(C1(i,j) " (1-gamma)) /(1-gamma); %

end

if Ch(i,j)>0

Uh(i,j)=(Ch(i,j)" (1-gamma))/(1-gamma); %

end

end

end

end

%00000000000000

for s=1:n

[VLO(s,1) pl(s)]=max(Ul(s,:)+beta*(trprob(1,1)*VL1+trprob(1,2)*VHI1));
[VHO(s,1) ph(s)|=max(Uh(s,:)+beta*(trprob(2,1)*VL1+trprob(2,2)*VH1));
end

VL1=VLO’;

VHI1=VHO’:

VL_age(:,invage)=VL0;

VH_age(:,invage)=VHO;

% Policy functions 0 O O
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if invage<=retire_age % 0 O O

policy 1(:)=R*w(:)+Earning(invage)*shockvalue(1)- w(pl(:));
policy_h(:)=R*w(:)+Earning(invage)*shockvalue(2)- w(ph(:));
elseif invage>retire_age % 0 0 O
policy_h(:)=R*w(:)+Earning(invage)- w(ph(:));

policy 1(:)=R*w(:)+Earning(invage)- w(pl(:));

end

policy_l_age(:,invage)= policy_l;

policy_h_age(:,invage)= policy_h;

end

%9%0% % % %% %% % %0 %o %0 %% %0 %o %o o %0 %0 %0 %o Fo o %0 %0 %o Yo Yo 0 %% %0 %o %o Yo
%% Life Cycle Simulation

%

simnum=>5000;% 0 0 0O

sigma=0.5:% 00000000000

mhu =0.1;% 0000000000

cons_sim=zeros(simnum, maxage);% 00000000000
next_wealth=zeros(simnum, maxage);% 0 0 0
incomedist=zeros(simnum, maxage);% 0 0O O
wealth=zeros(1,simnum);

wealth2_1=zeros(1,simnum);

%o

% 000000000

for i=1:simnum
wealth(i)=round((((randn(1)4+mhu)*sigma)-min_w)/inc_-w+1);
% Note that the grid number: n=1+(wealth-min_w)/inc_w
if wealth(i)<1

wealth(i)=1;

elseif wealth>n

wealth(i)=n;

end

end

%

wealth2=sort(wealth);

%

%0000000000000000000000O0

%

lengthpro=length(trprob);
P=(1/lengthpro)*ones(1,lengthpro);
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for i=1:100

P=P*trprob;

end

incomestate=mnrnd(1,P,simnum);% 000000000
%

% 00000000

for i=1:simnum

for k=1:maxage

asset=wealth2(i);

if k<=retire_age

income_now=incomestate(i,:);

nextshock=mnrnd(1, trprob,2);% 0000000

if income_now(1,1)==1;
cons_sim(i,k)=policy_l_age(asset k);
next_wealth(i,k)=R*w(asset)+Earning(k)*shockvalue(1)-cons_sim(i,k);
incomedist(i,k)=Earning(k)*shockvalue(1);
incomestate(i,:)=nextshock(1,:);

elseif income_now(1,2)==1
cons_sim(i,k)=policy_h_age(asset,k);
next_wealth(i,k)=R*w(asset)+Earning(k)*shockvalue(2)-cons_sim(i,k);
incomedist(i,k)=FEarning(k)*shockvalue(2);
incomestate(i,:)=nextshock(2,:);

end

elseif k>retire_age

cons_sim(i,k)=policy_h_age(asset k);
next_wealth(i,k)=R*w(asset)+Earning(k)-cons_sim(i,k);
incomedist(i,k)=Earning(k);

end
wealth2_1(i)=round(((next_wealth(i,k))-min_w)/inc_w)+1;
if wealth2_1(i)<1

wealth2_1(i)=1;

elseif wealth2_1(i)>n

wealth2_1(i)=n;

end

wealth2(i)=wealth2_1(i);

end

end

%O000ooooo

teststat=zeros(maxage,6);
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for k=1:maxage

teststat (k,1)=var(log(cons_sim(:,k)));
teststat(k,2)=mean(cons_sim(:,k));
teststat (k,3)=var(log(incomedist(:,k)));
teststat(k,4)=mean(incomedist(:,k));
teststat (k,5)=var(next_wealth(: k));
teststat (k,6)=mean (next_wealth(:,k));
end

%

%% Plot

%o

axe=zeros(maxage,1);

for i=1:maxage

axe(i)=i+20;

end

%

figure

plot( axe,teststat(:,2),’k’, 'LineWidth’,2 );
hold on

plot( axe,teststat(:,4),-kx’ );
plot(axe,teststat(:,6),-ko’,’"MarkerSize’,3 );
title(’Consumption, Earning, and Wealth Profiles’);xlabel(’age’);
legend(’ 00,00, 007,2);

hold off

%

toc

3 Endogeneous Grid Methods

4 Backward Induction

There are two main numerical methods for solving a dynamic program-

ming, value function iteration and backward induction. To implement the

latter, we need information on the terminal point, such as the value of the

asset when agents stop the optimization. Compared to the backward induc-

tion, the value function iteration can be applied in a more general setting.

Unfortunately, the value function iteration tends to be very slow. So, if it

is possible, many researchers prefer the backward induction algorithms to

the value function iteration.
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In this lecture note, we apply the backward induction to the standard
consumption model with precautionary saving, known as a buffer saving
model by Zeldes and Carroll.

5 Buffer Stock Saving Model

Assume an individual ¢ faces the following maximization problem at time

zero. This individual lives for T" periods.

T
max Fy Z B (CY) (50)
s=0
S.t.
ti+1 =R [th + Yti o Cﬂ ’ (51)
Yy = PV, (52)
Pl =GP} |Ni for all t, (53)

where Y: current incomel P: permanent incomel V: transitive income[]
G: growth component in the permanent incomeN: shock to the permanent

income, R: interest rate (given constant). Taking the log of (53) gives,
lnPtzlnGt—l—lnPt_l—l—lnNt. (54)

Note that Gy is not a random variable, but a deterministic process corre-
sponding to age-wage profile. Thus, if N; is i.i.d., the log of permanent
income follows a Martingale. Define the cash on hand at time t as the sum

of the asset at the beginning of the period and current income,
Xy =Wy +Y,, (55)
then, we can obtain,
Xiy1 = R[X: — Ct] + Yiy1. (56)

The Bellman equation can be formulated as follows,

l1—0o
t

C
Vi ( Xy, Py) = II%%X{ 1

— 0

+ BEVit1 (Xiq1, Pt+1)} . (57)

Note that both X; and P; are continuous variables. As we have seen before,
the numerical solution of DP with two continuous state variables is difficult
to solve. However, if the utility function is CRRA, we can use “Carroll

Trick” to avoid the problem. Define the following new variables:

Ct = Ct/Pt7
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Tt = Xt/Pt,

then, we can rewrite the Euler equation as follows,

C;7 > E, [CARB], (58)
1> B, [C;7C) RA] (59)
> RAFE, (Ct“> - (P”1>7 7
Ct P1
;7 > RBE, {(cm)‘7 (Gﬁth’il)‘”} . (60)

Note that the equality holds when X; = 0.

The budget constraint becomes,

T = Xey1/ P
=R[X; —Ci] /Piy1 + Yii1 /P (61)
= Rlx: — | Pt/ Pry1 + Py Vigr /P
= Rz — ci] / (Gi41Neg1) + Vigr.

Thus, the normalized Bellman equation can be written as follows:

e
C _ o
v (@) = max { 1t— ~+ BEA T vep ($t+1)} ,  (62)
where At+1 = Gt+1Nt+1. (63)

It can be shown that by setting V; = P! v, (57)and(62) provides us
with the same policy functions. See Carroll (2006) for detail.

There are several different ways to solve the above model. In this note,
we adopt the Euler equation based method, which is said to be faster than
the value function based method.

We can rewrite the Euler equation as,
¢ = RPE, {(Ct+1)_0 (Gt+1Nt+1)_0}

= RBE; [Ct+1 (Rze — ct] / (Geg1 Nieg1) + Vigr) 7 (Gt+th+l)_U} :
(64)

Let’s start from the decision at the terminal point, 7. At time 7', all
the cash on hands are used in consumption (no need to save for future

consumption). That is, ¢y (x7) = xp. This implies,

C;il = RBET_4 [(R [l'T—l — CT_1] / (GrNr) + VT)_U (GTNT)_U . (65)
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Next, we divide the cash on hands x7_; into several grids. For each grid,
we calculate the right hand side of (65) .In order to obtain cr_; as a function
of xp_q,first, we need to calculate the expected value due to the random
variables Vp and N7.,as well as the deterministic function of Gr. Assume

the following stochastic process,

V =0 with Probability p = 0.005,
= Z with Probability 1 — p.

InZ ~TN (,uz, 0'12nz) : Normal Truncated at =+ 301, 7 + pts-

InN ~ TN (un,0p n) : Normal Truncated at = 301, § + pn.

BNy = BV = 1.

In other words, we assume that there is probability 0.5% of zero income.
Because of this assumption and the No-Ponzi Game Condition, households
cannot borrow, that is, liquidity constraint never binds. Note that precau-
tionary saving occurs regardless of the sign of the third derivatives of utility
function. It is also possible to derive precautionary saving motive just by

assuming liquidity constraint, that is,
Cy S Tt. (66)

Our current goal is to get the policy function, c¢p_1 (z7—1). If we adopt
the standard backward induction method, we divide x7_; into several grids
and obtain c¢y_; that satisfies (65). However,cr_1 appears in the both sides
of (65). Therefore, for each grid, we need to solve nonlinear equation to
obtain ¢y_1.The endogenous grid approach developed by Carroll (2006) is
a very powerful and useful tool to avoid this complexity. Carroll proposes
that instead of, zp_;, we need to take grids of the end of asset at T-1,
wr_1 (= Wr_1/Pr_1)%. The end of period asset is a part of the cash on

hand that is not consumed, that is,
Wr_1=Xr_1 —Cr—,
wr—-1 =Ir—-1 —C.
Then, we can eliminate ¢; or ¢cy—1 in (64) and (65),
¢; ' = RBE, {Ct+1 (R[we] / (Ge41Neg1) + Vigr) ™ (Gt+1Nt+1)_7} )

77, = RBEr_, [(R [wr_1] / (GrNp) + Vi)~ (GTNT)*V} :

8Endogenous grid method have been applied in many applied research. See Barillas
and Fernandez-Villaverde (2007) and Hintermaier and Winfried (2010) for more discus-
sion on the endogenous grid method.
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When solving the optimization problem at time t, we know the policy func-
tion at time t+1, ¢;y1 (x¢41). Therefore, we do not need to use a nonlinear
equation solver to calculate the right hand sides of (59) and (65).

When obtaining ¢f._; for wi_,, next, we can obtain the corresponding

grid in cash on hand simply by adding the two,
Ty = wp_y + g,

which gives us the policy function, cz—1 (z7-1).

The model we have solved can be summarized as follows,

Vi (X1, ) = max { ftl:; + BE Vit (Xt+1,Pt+1)} ; (67)
st Xip1 = R[Xy — O] + Yiqa,

Wt = Xt - Ct7

Y = BV,

P, =GiP;_1N;

P, = Gy P;_1Ny.

6 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.).

7 Matlab Code

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
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(under the GNU LPGL Lincense). See my paper in Keizaikenkyu in 2013

for the detail of calibration.

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

%

% Solving a finite time model by backward induction

% u= (¢"(l-gamma))/(1-gamma)

% x(t4+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, 2014

% Naohito Abe

%

clear all

tic

%

%% 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 225150
60 172340
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65 1723.40/2 ;

70 1723.40/2

75 1723.40/2

80 1723.40/2 ;

85 1723.40/2 ;

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);

end

%% Permanent and Transitory Shock

% Permanent Shock

numgridforinteg = 10; % the number for integration

pvariance=0.023; % from 21000000 (OO (2013))

pnum=numgridforinteg; % number of cdf points for integration

% transitory shock

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

tnum=numgridforinteg; % number of c¢df 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 % %% %% %% % % % %% %% %% %

% c(T-1)"-gamma=E[RB ( R(aGNV)"-gamma) (GN) -gamma)

% Note ¢cT=xT, aT=0

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

prevecons(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

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(1));

end

COHtable(:,maxage-1)=COH;

prevconstable(:,maxage-1)=prevcons;

for t=2:maxage-1

invretire=maxage-retire_age;

forsumF=zeros(gridpoint,1);

forsuml1=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));
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prevconsl(i)= (Rate*Beta*forsum(i))”(-1/gamma);

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

end

% update

for i=1:gridpoint

preveons(i)= prevconsl(i);

end

COH=endperiasset+prevcons;

COHtable(:,maxage-t)=COH;

prevconstable(:,maxage-t)= prevcons;

end

if t>invretire %before the retirnent

Y%xpoint,weightquad;

% expected marginal utility

for i=1:gridpoint

forsumF (i)=0;

for j=1:pnum

for 1=1: tnum

% 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*forsuml1(i))”(-1/gamma);

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

end

% update

for i=1:gridpoint

prevecons(i)= prevconsl(i);

end

COH=endperiasset+prevcons;

prevconstable(:,maxage-t)= prevcons;

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

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);
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Perml=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);

Y%update

Perm(i)=Perm1(i);

wealth1(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*wealthl(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;
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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);

wealth1(i)=xtilda-~cons;

consumption(i,t)=capcons;

currentincome(i,t)=income;

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

end

end

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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8 Appendix

Backward Induction O 00000000000 MatlabOOOOOODOO
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