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1. Matlab = (W9l 2 130)

clear

addpath ('functions'");

%[ data0 junk ]=xlsread('E:\GoogleDrive\1l06 Research\03 DATA\Data Q 201909'");
Tl=xlsread('E:\GoogleDrive\106 Research\03 DATA\Data Q 201909.xlsx");
T2=readtable ('E:\GoogleDrive\106 Research\03 DATA\Data Q 201909.xlsx'");

cpi pce = T1(3,:); % 1 for others, 0 for CPI, 2 for PCE

% Data without PCE when cpi pce<2, without CPI when cpi pce>0
index = T1(1l:2,cpi pce>-1)";
data0l

Tl (4:end-3,cpi pce>-1);

names = T2.Properties.VariableNames (2:end)'; names=names (cpi pce>-1);

dindex=index(:,1); %dindex=1 for series that are log differenced dindex=3
differencing without logs
index=index (:,2); %index=1 for 'fast moving' series

dates = tablel2array (T2 (3:rows (datal),1));

%load policy rate and standardize it
$z=xlsread ('\data\baserate.xls"');
Tl (4:end-3,1);

z (2:end) ;

Z

z
z=standardise (z) ;

clear T1 T2

reps=15000; Sreplications

burn=14500; %burn in

horizon=40;

T0=40; S%training sample

CHECK=1;

maxdraws=100;

$first difference the data where appropriate
data00=diffx (datal,dindex) ;

%standardise the data

data=standardise (data00) ;

betamat=getbeta (data,datal0);%scaling factors to convert IRFs into original data

units
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KK=2; S%number of factors

L=2; %number of lags in the VAR

N=KK+1; Snumber of Variables in var K factors plus the interest rate
NN=cols (data);% size of the panel

T=rows (data) ;

%$step 1 of the algorithm set starting values and priors

%get an intial guess for the factor via principal components

pmat=extract (data, KK) ;

%set priors for TVP parameters
Y=[pmat z];

X=[1];

for j=1:L

X=[X lag0(Y,3) 17

end

X=[X ones (rows (X),1) 1;

Y=Y (L+1l:end, :);

X=X (L+1l:end, :);

y0=Y (1:TO0, :);
x0=X(1:TO0, :);
b0=x0\yO0;
e0=y0-x0*b0;
sigma0O=(e0'*e0) /TO;

VO0=kron (sigmal, inv (x0'*x0)) ;

$priors for the variance of the transition equation

Q0=V0*T0*3.5e-04; Sprior for the variance of the transition equation error
P00b=VO0; % variance of the intial state vector variance of
state variable p[t-1/t-1]

betalOb=vec (b0) '; % intial state vector $%state variable b[t-1/t-1]
0=0Q0;

%priors and starting values for aij

CO0=chol (sigma0) ;

C0=C0./repmat (diag(C0),1,N);

CO0=inv (CO) ';

PC0=10;

amatx=zeros (1,N* (N-1)/2);

j=1;
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for i=1:N-1

temp=CO (i+1,1:1);
amatx (l,j:jtcols (temp)-1)=temp;
DO{i}=eye (cols (temp))* (10" (=-3));
Jj=j+cols (temp) ;
end

DD=DO0;

$remove training sample
data=data (TO+L+1:end, :);
z=z (TO+L+1l:end, :);

Y=Y (TO+1l:end, :);

X=X (T0+1l:end, :);
pmat=pmat (TO+L+1:end, :);

T=rows (data) ;

betal=Y (1, :); %$state vector S[t-1/t-1]
for i=1:1L-1
betaO=[betal zeros(1,N)];
end
ns=cols (betal) ;
P0O=eye (ns); SP[t-1/t-1]
rmatin=ones (NN, 1) ; sarbitrary starting value
idiosyncratic component
$prior for the factor loadings
floadO=zeros (KK+1,1);
vfloadO=eye (KK+1) ;
vg=0.01;
tg=5;
$priors and starting values for the stochastic vol

hlast=(diff(Y).”2)+0.0001;

hlast=[hlast(l1:2,:);hlast]; %rough intial guess for svol

for

the

variance of

g=ones (N,1); %rough guess for the variance of the transition equation

g0=0.01"2; %scale parameter for inverse gamma
Tg0=1;
mubar=log (diag (sigma0)) ;

sigmabar=10;

%50 iterations to smooth initial estimates of stochastic volatility

epsilon=diff (Y);

epsilon=[epsilon(l,:);epsilon];

the
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for m=1:50
hnew=zeros (T+1,N) ;
for i=1:N
htemp=getsvol (hlast(:,1),g (i), mubar (i), sigmabar,epsilon(:,1));
hnew (:,1i)=htemp;
end
hlast=hnew;

end

amat=repmat (amatx,T,1);

beta20=repmat (betalb, T, 1) ;

mm=1;

for m=1l:reps;

%gibbs sampling
if (m/1000)==floor (m/1000)
disp(strcat ('REPS='",num2str(m))) ;

end

%step 1 sample factor loadings
[fload, floadr, rmat]=getobsegparameters (data,pmat, z, fload0,vfload0,vg, tg, rmatin
, index) ;

rmatin=rmat;

%step 2 sample VAR coefficients

[beta2,error,roots,epsilon,problem]=carterkohnvar(¥Y,X,Q,amat,hlast,betalb, PO0b
, L, CHECK, maxdraws) ;
if problem
beta2=beta20;
else
beta20=beta2;

end

% step 3 sample Q from the IW distribution
errorg=diff (betal2);
scaleQ=(errorqg'*errorq) +Q0;

Q=iwpg (T+T0, invpd (scaleQ)) ;
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%step4 sample aij using the carter kohn algorithm
QA=zeros ((N* (N-1)) /2, (N*(N-1))/2);
j=1;
for i=2:N
ytemp=error (:,1);
xtemp=error (:,1:i-1)*-1;
a0=C0(i,1:1-1);
pa=PCO0*diag(abs (al));
Qa=DD{i-1};
[al, trash]=carterkohnl (a0,pa,hlast(:,1),Qa, ytemp, xtemp) ;
amat (:,Jj:j+cols (al)-1)=al;
%sample Qa
alerrors=diff (al);
scaleDl=(alerrors'*alerrors)+D0{i-1};
DD{i-1}=iwpg (T+TO0, invpd(scaleDl)); %draw from inverse Wishart
QA(j:jtcols(al)-1,j:j+tcols(al)-1)=DD{i-1};
j=j+cols(al);

end

%Step 5 sample stochastic vol for each epsilon using the MH algorithm
hnew=zeros (T+1,N) ;
for i=1:N
htemp=getsvol (hlast(:,1),g(i),mubar (i), sigmabar,epsilon(:,1));
hnew (:,1i)=htemp;
gerrors=diff (log(hnew(:,1)));
g(i)=IG(Tg0,g0,gerrors); Sdraw from the inverse Gamma distribution
end

hlast=hnew;

$matrix of factor loadings

H=zeros (NN,N*L) ;

H(l:rows (fload),l:KK+1l)=[fload floadr];
H(rows (floadr) +1,KK+1)=1;

fmatrix R

R=diag([rmat;0]);

pmat=getfactor (beta2,amat,hlast,H,R,data, z,betal,P00,KK,ns,N, L) ;

_69_



supdate data

Y=[pmat z];
Y=[Y(1l:L,:);Y];

X=[1;

for j=1:L

X=[X lag0(Y,]j) 1;

end

X=[X ones (rows (X),1) 1;

Y=Y (L+1l:end, :);
X=X (L+1:end, :);

if m>burn

$compute impulse response

for i=1:T
iamat=invpd (chofac (N,amat (i, :) "))
Sigma=iamat*diag (hlast(i+l,:))*iamat’;

AO=cholx (Sigma) ;
betal=reshape (beta2 (i, :),N*L+1,N);
shock=zeros (1,N);
shock (end)=1;
yhat=irfsim(betal,N,L,A0, shock,horizon);
yvhat=yhat./yhat (1,end);
vhatl=yhat*H(:,1:KK+1)"'; %impulse response for the panel

irfmat (mm, i, 1l:horizon,1:NN+1)=(yhatl);
end
mm=mm+1;

end

end
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2. Matlab = (19 1¥7] &)

o\
oe

a9 5 (Figure 1 Aggeregate level)
agg_idx = [95,81,46,121];
name agg={'GDP'; 'Employment'; 'CPI (all)';'PCE(all) "};

$ 1% 7} cpp

figure(); i=1;

set (gcf, 'renderer', 'zbuffer')

irf=squeeze (prctile(irfmat(:,:,1:20,agg _idx(i)), [50],1))~;
tempO= (cumsum (irf.*betamat (agg_idx(i)),2));

templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]1")"';
temp2=ones (size (temp0))'.*[1:1:20]";

mesh (templ', temp2', tempO)

title(strcat('\fontsize{8}', name agg(i)))

axis tight

Q.
o

s 1

o

BT
figure(); i=2;

set (gcf, 'renderer', 'zbuffer')

irf=squeeze (prctile(irfmat(:,:,1:20,agg idx(i)), [50],1));
tempO=(cumsum (irf.*betamat (agg _idx(i)),2));

templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]1")"';
temp2=ones (size (tempO))'.*[1:1:20]";

mesh (templ', temp2', tempO)

title(strcat('\fontsize{8}"', name agg(i)))

axis tight

s 19 t} cpI

figure(); 1=3;

set (gcf, 'renderer', 'zbuffer')

irf=squeeze (prctile(irfmat(:,:,1:20,agg idx(i)), [50],1));
tempO= (cumsum (irf.*betamat (agg_idx(i)),2));

templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]")"';
temp2=ones (size (tempO))'.*[1:1:20]";

mesh (templ', temp2', temp0)

title(strcat('\fontsize{8}', name agg(i)))

axis tight
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5 19 2} pCE

figure(); i=4;

set (gcf, 'renderer', 'zbuffer')

irf=squeeze (prctile(irfmat(:,:,1:20,agg _idx(i)), [50],1));
tempO= (cumsum (irf.*betamat (agg_idx(i)),2));
*[2010.25:0.25:2018.251")';
*[1:1:20]1"';

templ=(ones (size (temp0)) .
temp2=ones (size (temp0))'.
mesh (templ', temp2', tempO)
title(strcat('\fontsize{8}', name _agg(i)))

axis tight

%% 1% 6 - distribution

figure(); i=4;

irf=squeeze (prctile(irfmat(:,:,1:21,agg idx(i)),1:1:99,1));
tl=squeeze (irf(:,1,:)); tempO=(cumsum(tl.*betamat (agg idx(i)),2));
plot distribution(0:20, tempO)

Sylim([-2 117)

figure();

tl=squeeze(irf(:,end, :)); tempO=(cumsum(tl.*betamat (agg idx(i)),2));
plot distribution(0:20, temp0)

Sylim([-2 117)

%% 1% 7 PCE price (Figure 2)
PCE idx = 122:137;
PCQ idx = 139:154;
s 3|9 7} for the first time
irf=squeeze (prctile(irfmat(:,:,1:21,PCE idx),50,1));
figure ()
tl=squeeze (irf(l,:,:));
for il=1:1:1length(PCE_idx)
stempO=tl (:,1il) .*betamat (PCE idx (il));
tempO=cumsum(tl(:,1il) .*betamat (PCE idx (il)));
plot (0:20, tempO, 'b")
hold on
end
irf=squeeze (prctile(irfmat(:,:,1:21,min(PCE_idx)-1),50,1));
tempO=cumsum (irf (1, :) .*betamat (min (PCE_idx)-1));
plot (0:20,temp0, 'r', 'LineWidth', 3)
hold off
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s 99 o for the last time

figure ()

irf=squeeze (prctile(irfmat(:,:,1:21,PCE idx),50,1));

tl=squeeze (irf(end, :,:));

for il=1:1:length(PCE_idx)
StempO=tl(:,il) .*betamat (PCE idx(il));
tempO=cumsum(tl (:,1il) .*betamat (PCE_idx (il)));
plot (0:20, tempO, 'b")
hold on

end

irf=squeeze (prctile(irfmat(:,:,1:21,min(PCE_idx)-1),50,1));

tempO=cumsum (irf (end, :) . *betamat (min (PCE_idx)-1));

plot (0:20, temp0, 'r', 'LineWidth', 3)

hold off

% PCE Quantity

s 3|9 Y} for the first time

irf=squeeze (prctile(irfmat(:,:,1:21,PCQ idx),50,1));

figure ()

tl=squeeze (irf (1,:,:));

for il=1:1:1length(PCQ idx)
tempO=cumsum(tl (:,1il) .*betamat (PCQ idx (il)));
plot (0:20, tempO, 'b")
hold on

end

irf=squeeze (prctile(irfmat(:,:,1:21,min(PCQ idx)-1),50,1));

tempO=cumsum (irf (1, :) .*betamat (min (PCQ_idx)-1));

plot (0:20, temp0, 'r', 'LineWidth', 3)

hold off

s 319 2} for the last time

figure ()

irf=squeeze (prctile(irfmat(:,:,1:21,PCQ idx),50,1));

tl=squeeze (irf (end, :, :));

for il=1:1:length(PCQ idx)
tempO=cumsum (tl(:,1l) .*betamat (PCQ idx(il)));
plot (0:20, tempO, 'b")
hold on

end

irf=squeeze (prctile(irfmat(:,:,1:21,min(PCQ idx)-1),50,1));

tempO=cumsum (irf (end, :) . *betamat (min (PCQ idx)-1));

plot(0:20, temp0, 'r', 'LinewWidth', 3)

hold off
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1% 8 : IRF overe time

5 o 7t

oe
o\

figure ()

irf=squeeze (prctile(irfmat(:,:,5,PCE_idx),50,1));

for il=1:1:length(PCE_idx)
plot(2010.25:0.25:2018.25,irf(:,11),'b");
x1im([2010.25 2018.25])
hold on

end

hold off

s g o

figure ()

irf=squeeze (prctile(irfmat(:,:,13,PCE idx),50,1));

for il=1:1:1length (PCE_idx)
plot(2010.25:0.25:2018.25,irf (:,1i1),'b");
x1im([2010.25 2018.257)
hold on

end

hold off

s d o

figure ()

irf=squeeze (prctile(irfmat(:,:,5,PCQ idx),50,1));

for il=1:1:length(PCQ idx)
plot(2010.25:0.25:2018.25,irf (:,11),'b");
x1im([2010.25 2018.25])
hold on

end

hold off

s g o

figure ()

irf=squeeze (prctile(irfmat(:,:,13,PCQ idx),50,1));

for il=1:1:1length(PCQ idx)
plot(2010.25:0.25:2018.25,irf (:,11),'b");
x1im([2010.25 2018.25]7)
hold on

end

hold off
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s 1% 9 (% Figure 3)

s 99 7} at the beginnig

irfE=squeeze (prctile(irfmat(:,1,5,PCE idx),50,1));
irfQ=squeeze (prctile(irfmat(:,1,5,PCQ idx),50,1));
figure(); ax=subplot(l,1,1);
scatter(ax,irfE,irfQ, 'b*");

hl=lsline(ax); hl.Color='r'; hl.LineWidth = 2;
xlim([min(irfE)-0.01 max (irfE)+0.01])

ylim([-0.15 0.157)

s #¥ Y at the end

irfE=squeeze (prctile(irfmat (:,end, 5,PCE_idx),50,1));
irfQ=squeeze (prctile(irfmat (:,end, 5,PCQ idx),50,1));
figure(); ax=subplot(l,1,1);
scatter (ax, irfE,irfQ, 'b*");

hl=1lsline(ax); hl.Color='r'; hl.LineWidth = 2;
x1lim([min(irfE)-0.01 max (irfE)+0.011])

ylim([-0.15 0.157)

s 319 t} Relation

rel EQ = nan(size(irfmat,2),2);

for i2=1:1:size(irfmat, 2)
irfE=squeeze (prctile(irfmat(:,1i2,5,PCE idx),50,1));
irfQ=squeeze (prctile(irfmat(:,12,5,PCQ idx),50,1));
rel EQ(i2,1) = corr(irfE,irfQ);

end

figure ()

plot(2010.25:0.25:2018.25,rel EQ(:,1),"'b-")

ylim([-0.4 -0.21])
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%% 71% 10 (Figure 4)
templ=nan(size(irfmat,2),21, length (PCE idx));
for i2=1:1:1length(PCE_idx)
irf=squeeze (prctile(irfmat(:,:,1:21,PCE idx(i2)),50,1));
stempO= (cumsum (irf.*betamat (PCE_idx (i2)),2));
tempO=(cumsum (irf, 2));
templ (:,:,12) = tempO;
end
% By horizon
hset=[2,5,9,13,17];
figure ()
for il=1:1:1length (hset)
temp2=squeeze (templ (1, hset (i1),:));
[a,b]l=ksdensity (temp2) ;
plot (b, a)
hold on
end
hold off
legend('h=1",'h=4"',"'"h=8"',"'h=12", "h=16")

figure ()

for il=1:1:1length (hset)
temp2=squeeze (templ (end, hset (il), :));
[a,b]=ksdensity (temp2) ;
plot (b, a)
hold on

end

hold off

legend ('h=1", 'h=4', 'h=8', 'h=12", 'h=16")

% By year
yset = [1 8 15 22 28 33];
figure ()
for il=1:1:1length(yset)
temp2=squeeze (templ (yset (i1),5,:));
[a,b]l=ksdensity (temp2) ;
plot (b, a)
hold on
end
hold off
legend ('2010 Q2','2012 Q1','2013 Q4','2015 Q3','2017 Q1','2018 Q2')

_76_




figure ()
for il=1:1:1length(yset)
temp2=squeeze (templ (yset (il),17,:));
[a,b]l=ksdensity (temp2) ;
plot (b, a)
hold on
end
hold off
legend ('2010 Q2','2012 Q1','2013 Q4','2015 Q3','2017 Q1','2018 Q2")

oe
oe

1% 11 (Figure 5)
PCE_name=(' A 8% ¥ WFRLEFEFHF L Pl ¥ Algw ¥ FERd;
AANE R G AR B WE B 02 B w94 &b )b
A =W A rE U A A H sy
% Page 1
figure(); %i=1;
for il=1:1:length(PCE_idx) /2
subplot (4,2,1i1)
set (gcf, 'renderer', 'zbuffer')
irf=squeeze (prctile(irfmat(:,:,1:20,PCE idx(il)),50,1));
tempO= (cumsum (irf.*betamat (PCE_idx(il)),2));
templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]1")";
temp2=ones (size (tempO))'.*[1:1:20]";
mesh (templ', temp2', tempO)
title(strcat('\fontsize{12}', PCE name (il)))
axis tight
end
% Page 2
figure ()
for i1=9:1:1length(PCE_idx)
subplot (4,2,1i1-8)
set (gcf, 'renderer', 'zbuffer')
irf=squeeze (prctile(irfmat(:,:,1:20,PCE idx(il)),50,1));
tempO0= (cumsum (irf.*betamat (PCE_idx(il)),2));
templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]1")";
temp2=ones (size (temp0))'.*[1:1:20]";
mesh (templ', temp2', tempO)
title(strcat('\fontsize{12}', PCE name (il)))
axis tight

end
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g 19 12
% Page 1
figure(); %i=1;
for il1=1:1:1length(PCE_idx) /2
subplot (4,2,1il)
set (gcf, 'renderer', 'zbuffer')
irf=squeeze (prctile(irfmat(:,:,1:20,PCQ idx(il)),50,1));
tempO=(cumsum (irf.*betamat (PCQ idx(il)),2));
templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]1")";
temp2=ones (size (temp0))'.*[1:1:20]";
mesh (templ', temp2', tempO)
title(strcat('\fontsize{12}', PCE name(il)))
axis tight

end

% page 2

figure(); %i=1;

for i1=9:1:1length(PCE_1idx)
subplot (4,2,1i1-8)
set (gcf, 'renderer', 'zbuffer"')
irf=squeeze (prctile(irfmat(:,:,1:20,PCQ idx(il)),50,1));
tempO= (cumsum (irf.*betamat (PCQ idx(il)),2));
templ=(ones (size (temp0)) .*[2010.25:0.25:2018.25]")";
temp2=ones (size (temp0))'.*[1:1:20]";
mesh (templ', temp2', tempO)
title(strcat('\fontsize{12}', PCE name(il)))
axis tight

end

% 1% 13 Additional CPI
CPI idx = [155:157,159:163,165:180];

CPI_name = {'Fa=', 'Ai, A 1Fika, ke, ke, WA
A, reekE, s, I SRR, Al w9 A, 9
2 AR E T A F Al A A A, A A A A A EA S, s E
v A RS B AR A, AL ETEA Sy
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% page 1

figure ()

for i1=1:1:8
subplot (4,2,1i1)
set (gcf, 'renderer', 'zbuffer"')
irf=squeeze (prctile(irfmat(:,:,1:20,CPI idx(il)),50,1));
tempO= (cumsum (irf.*betamat (CPI_idx(il)),2));
templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]1")";
temp2=ones (size (temp0))'.*[1:1:20]";
mesh (templ', temp2', tempO)
title(strcat('\fontsize{12}', CPI name(il)))
axis tight

end

% page 2
figure ()
for 1i1=9:1:16
subplot (4,2,i1-8)
set (gcf, 'renderer', 'zbuffer')
irf=squeeze (prctile(irfmat(:,:,1:20,CPI idx(il)),50,1));
tempO= (cumsum (irf.*betamat (CPI_idx(il)),2));
templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]1")";
temp2=ones (size (tempO))'.*[1:1:20]";
mesh (templ', temp2', tempO)
title(strcat ('\fontsize{12}', CPI name(il)))
axis tight
end
% page 3
figure ()
for i1=17:1:24
subplot (4,2,1i1-16)
set (gcf, 'renderer', 'zbuffer')
irf=squeeze (prctile(irfmat(:,:,1:20,CPI _idx(il)),50,1));
tempO= (cumsum (irf.*betamat (CPI_idx(il)),2));
templ=(ones (size (temp0)).*[2010.25:0.25:2018.25]1")";
temp2=ones (size (temp0))'.*[1:1:20]";
mesh (templ', temp2', tempO)
title(strcat('\fontsize{12}', CPI name(il)))
axis tight

end
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I6) 6714 =3} 16.6.1

76 1541 0] Al (A ) 16.6.1

77 AA G EA G (HH) 16.6.1

78 HAAA (W) 16.6.1

79 AAxF () 16.6.1

80 H A A s+ (1) 16.6.1

81 AA G E5Z7HE (%) 16.6.1

82 AAE (%) 16.6.1

&3 I1EE (%) 16.6.1

84 (KOSDAQ) mZA~4A 4 KOSPI
85 o (KOSPI) =23 200 KOSPI
86 (KOSPI) #29] KOSPI
87 Wl 7+ 2] 10.2.2.2
88 A =) 10.2.2.2
89 T= 10.2.2.2
90 T4 10.2.2.2
91 F AR A 10.2.2.2
92 T EF A Ak 10.2.1.2
93 A Z 10.2.1.2
94 A7), 7k 9 ALY 10.2.1.2
95 A4 10.2.1.2
96 EAu R & g 10.2.1.2
97 AR EAA 10.2.1.2
08 AL A B 2= 10.2.1.2
99 A7) H A7 7 AZ=Y 10.2.1.2
100 A oY 10.2.1.2
101 Az 16.6.10
102 A7), 7F2 2 FEAY 16.6.10
103 AH| 2= 16.6.10
104 T 2 Ay 16.6.10
105 HEHEAFA ¢ | HuF 2 SAHY 16.6.10
106 78 % 13y 16.6.10
107 A 2 Ao 16.6.10
108 A st 2 7] AH] 16.6.10
109 WG =Y 16.6.10




