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i Financial Innovation Main Program iFi]
@ Sogjiima, June 1 1255 (Final version July 12) @

.

MY,

prind "This progfam is based oh Cooley&Hansen( 1991 LMCE
and modified to apply for Sogjimal 1996);

output fila=d:-¥dosuti¥gauss¥prg¥bench_m_out resat;

AENAEd; @turnber of exsgenous slate varables. [1,& 2@
nans=1; @MNumber of endogenous state wariables. {kKHE
nd=3; EMumber of decision variables, [hi phE
ns=nexs=2*nans+1; EMNumber of state vanables. &;{1,8,z, kK, miE
nEMExRs+ 2 nens+nd)e 1 EMNumber of variables in objective funclion 128

n¥=n+ns; i@MNumier of variables in tv. 18,8

nobs=73 mvars=13; nsim=100;

iR Craate HP-filker matroa®

hphit=hpf{nebs, 16000,

farmat &5

& Sat parameter values(@

let p{11,2]= *Thata® 455 @ 1 proeduction function &
"Delta”™ o0 i@ 2 depreciation rate @
"Bl 2525 i 3 utility function &
"Gammai® 1.00] @ 4 AR1 coefficient in z process @&
"Sigmat” 00661 & 5 AR sid in X process &
“Beta” el & & subjective discount reta @
" 1.17 @ T money growth rate 32
"alpha” 520 i@ & ullility function @

"Gammaz" oor
“SigmaZ' 0877
"Rhe_c" 220 .

& 9 AR coefficient in & process (&
& 10 AR std in e process &
& 11 correration betwean Sigmal and 2 @
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@List of Variables:
d11]=e financial innowvation parameter

Aq21)=z productivity parameter

Hil) =K per capita capial stock

Ha 1)l =k household capital stock
#d51]=m household cash stock

& 1) =H per capita labor supply

A7.1]=h household labor supgly

H81]=1 pef capita imvestmant

f2.1] =1 household imvestment

H10.1]=p general price level

A11.1]=m' mnest period cash stock &

(@ Define Uty Function@

fr w{xl=p[8, 2 In{[x{1, 1] 5,1} o[ 7. 2V W p[7. 2] 10.1]))+{ 1-p[B.2])"
In{1-p[1. 2] exp(xf 2, 111" 3.1} S 1] *p[ 1,217, 1]+
p1. 2 expOd 2. 1118, 1 13, 1 1M 1-p[1. 2174, 1}
M9 111, 1) 10, 1] +p3.2]"In( 17, 1]k

iZDefine laws of metion for state variablas
Y=y
g'= 1-Gamma? + gamma2 * a
I'= Gammal "z
K'= (1-Delta) s + |
k={1-Defajk+i
m'= meE1 2

c=zercs(ns fvl), & (8, 18pmafrix for reducing tv dimensson &
1.1]=1;

29.1}=1-PI9.2F

2. 2]=p{2.2];

cf4.4]=1-p{2.2]

ef4.8]=1;

e[2.5]=1-p{2.2].

ef5,10]=1;

o6.12]=1;

@Compute Steady States
wef1.1]==,
xs[2.1]=z,
¥8{3 1]=xs[4,1]=k,
x=]5,1]==s[11.1}=1,
x={B,1]=xs[7.1]=h,
=={8.1]==s[5.1]=,
x${10.1]=p e
¥s=zeros(n-1,1% @ (11,1 ezKksHhlips &

rha=1/p[&, 2]-1, i@ time preferance @

=117,

xs[2,1)=0,

e[S, 11=(1-p{1.2]*(p{7.2]"( 1-p[8.2]}+p{6.2]"p{8.2]}"(rho+p[2, 2]},
W[5, 1j=eal8, 1M p[3. 21 p[7. 2] (rho+{ 1-p[ 1, 2]\ p[2. 2])+x5{6.1]).
ws[7, 1j==ss 1k

a3, 1j=((rhvo+p[2,2]0p[1.2] 14 p{1.2]-1))"xs[B 1];
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5[4, 1]=xs[3,1F

=5[5,1]=1;

xs[11.1]=1,

xs{8,1]=xs[3,1]*p[2.2].

xs{5 1]=xs[B 1

ws{10.1]=p[3.21"p([7. 2V (p[B.2]"p[&. 2]"(1-p{1. 2]\ (xs(3.1¥us[S. 1]*p{1.2]
" 1B

print “Schang Dynamic Programming’”;
g=quad{xs. 0.00007, Au);

i Ealve dynarmic progrsm g
test=10;
w=onas(ns,ns]*-1000); format ird 8.5 (@ ns:state variable 5 &
dosavesil;
-ter=i;
format 10,5,
dor until test B 1E-B of iter =1000;
tv=g-~zercs(n, nsjzeros{ns n=~v'p{6.2]);, @ pd7 FECR fext &3

@ Reduce out laws of motion for state variables @
i=1;
dir until i=ns,
tv=reducea(ty, cfns-i+ 1,1 av-]);
=i
enda;

@ Reduce out first order conditions and aggregale decision rulas. &
dsave=zeros{nd.n|;
i=1;
do until i=nd,
RrasE=Tewa]ty];
d=-tinrows. 1. nrows-1 e nrows, nrows];
if tinrows, rews>0; format 3,0, "Second order condition fails?;;
" Decision vanable number ;7 i;7ak iteratian = iter;
format 10,5 "Mumber checked is squal to ", te[nrows, nrows];
endif;

@Form aggregate decision rula @&
ad=nfnrows, . |-

it ==1_ ad[1,1]=ad[1, 1Fad[1,ns]+ad[1.n]; nnd=md-1;
else; ad[1,1]=ad[1,1}+ad[1,ns], nnd=nd,
endif,

ad[1,ns]=0;

peoli=seqalnexs+ 1,2, nensi|segalns+1,2 nnd-i+1};

ad[1,peolsj=ad1 peolspad1, peals+1];

ad[1,peols+1}=zercs(1, nens+nnd-1+1];

daavelnd-i+1,1:n-2%+1]=ad[., 1:nrows-1];

ad=-ad[1, 1:nrows-2]fad[1, nrows-1]

tv=reducelts,d);

tv=reducetv,ad);

i=r+1;
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endo;
tesi=abs(dsave-dosave),
dosave=dsave;
v=ty,
iter=ilers 1,
enda; farmat 4,0;
“Cynamic pragram required ;; iter;; “iterations ™ 7,
@Produce dacision rules. @
decis=dsave;

@Fick out appropriate calumng, (@

pdools=seganexs+1.2 nens)jsegqains+1,2 nd);

decis=decis] 1 nexs]-decs], pdeals),
decis=-decis[., 1: nexs+nens idecis]  nexs=nens =1 nexs+nans+nd];

@Compute steady states from decision rules. &
sast=1/1)0} decis[2 1]+decis[2, 21w p[2 2] decis]2 4]);
sE=0eCis 555l

S52555H55,

B Simulated

@ Calculate parameters of normal distnbution. @

mdseed 1;
ymi1=-{1-p{3.2]};
ys1=p|10,2];
ym2=0,
ys2=p(5.2];
Rhao_c=p[11,2]

@Simulate he moded &
corr={0; corrs=0; concorr=0; concomrs=0; sdeww=0, sdevws=0;
lag=5;
nl=Z"lag+1;
nm=nabs+100;
aa=0.5Rha_er21.aqm1-Rha_e*2));
bb={1-sgqrt{1-Rho_c*2)¥Rho_c;
1%im=1
print “Creating simulation ezonomy  nsim;;” with period”;;nobs; #;
da until isim=ngim; formal 3,0, output off, isim;,
il Generata & state matrnx &
rel=rmdninm,1];
red=mdninm,1];
rel=aa®ncl 4aa*bb®ng,
rF=ae"ob e 1+aa"ne;
rclEys 1l +yml;
red=yEd e ym;
state=ones{nm, 1)-2eros{nm,3); state]1, £]=xs[2,1];
ioba=2
do until iobs=nm;
statefiobs, 2]=1-p[8 2]+ p[9.2]"statefiobs-1, 2]+ rx1[iobs, 1],
state[iobs, 3]=p[4,2]"stateficbs-1,3+r2[iobs, 1];
stalefiobs d]=[decs[2, |"statefiobs-1, J+[1-p[2, 2]
statefiobs-1,4]};
inbs=iobs+1;
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endo;
statezstate[107:nm, ],

@ Construct 3 matriz 51M which contains data from a simulation. @

@variables are 1. Qulput

. Cansumption

. Imveasimenit

. Capial

Haours

Frice Leweal

. Infiation

. BY welocity

. Labar Productivity YL
10. TFP

11. Cash Efficiency
12 EEAL =

13, REAL W

D 00 -l OF LN s G B

BEEEEAEEREEEEE
BREBEAERREE@EEE

sim=zenos|nabs mvars);
temp=onas|nobs-1,1];
mon=seqm(p[7,2], pI7.2).nobs);
prica=state*deciz{3..T,
NMpr=price. “mon,

sirn| . B]=nompr;
sim|..4=state] 4];

sim[. d}=state*dacis[2, .|

sim[ , S]=state decis{1, [,

sim(..1J=i simi., 4] Sp[1, 211 5im].. 5.5 1-p{1,20)). e state]., 3]);

sirm[. 21=sm[., 1]-%im[.,3],

sirnf2:nobs, FE(sim[2-nobs, &) fsim[1:mobs-1 6] )-temp;
sim[. B)=sim[., 1].*sim[. B]./maon;

sim[. 9)=sm[_, 1]/sim[., 5],

sirn|. 10)=explstate], 3]);

sim[..11]=state] 2L

sim[. 12]=sim]  10] *p[1,2].%{sim]. 4].5%im] 5]).%1-p[1. 2]}
sirn[. 13 =simd., 100 181,210 " ((sim. 4l tsmm. 5] e[ 1.2] 5

@Hit data with filter &
simzin{sim[,, 1-6])~sim[,.7;13];
simd=hgfilt*sim;
simt=sim-simd;

ECompute statstics from SIMD.@
adev=sgni{{nobs-1 Mnobs i stde(simd |)*2)"100;
concors{simd simdinebs-maanc(simd*maanc{simd]|’)
Natdelsimd P stdelsimd ) nobs-1 Vaabs |
car=zeros{nl mars);
I=-lag;
o until *ag;
js=1; je=nabs;
if | it 0; j5=1-1; else; je=nobe-|; endif;
stdi=zqri{[[je-js)je-js+ 1) {stdaelsimd]js e, 11*2])%

std1=sqril{{je-js)fje-js=1 )" stdcsimd]js+ e+l 1101425
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cor{l+lag+1, |={{simd[js+| ja+ 1 Taimd[js e [Wje-jze1)-
imeancsimdjs«lje+, 1])* meanc{simd[js;je.. J)Lf
(=td v stdi');
F=le1;
anda;

ECummulate results of this simulation, &

COMMSCair+ cof/ngim,
CONCOIM=CORCoMmTConcorn msim;
COMS=cRrrs+oort2insim;
gdmEgdEsr s sdevinsim:
sdevwE=Edewys +adewt 2insim,
CORCOIT S =Concairs+soncar' 2/nsim;
isim=isim+1;

endo; 7, putput on,

COMTS=LOITS=Carr™2,

corrs=abs{ cors); corrs=egrijcoms);

CONCN S S COnNCorrs-concarr'2;

CORCMTS=abal canears), concofrsesgrl concors);

sdeves=50r sdenvve-sdan2);

ECompute some additional steady statesss
yo=es[2)%p{1.2]"%s[6, 1 1-p[1.2])

EProducs output. @

“MODEL WITH CASH IN ADVANCE INCLUDING A FINANCIAL INMOWATIONT T,

"Sleady States for Original Problem:”™; format 9,6,

o= Esa,1]0P = e[ 10, 1], = " 0xs[8, 1L H = Soes[ T 1]
=roneh

“Steady States from Decision Rubes:™;

“RETLEHA)P = s 15 =7 ss{6,1]0H = %ss[5, 1)

"Decision Rules:",

M= decis[1, 1]+, decis[1,2]"E+", decis]1,3]"Z+", decis[1,4]."K",

“I=Tdecial2 1L+ decis[2,2)"E+" deciz|2, 3] 24" decds[ 2 4], 7K

“P="decas(3,1];:"+", decis{3, 2], "E+"; decis[3, 3], 7+, decis{3 4] K"

@ paramater prent i@

& PS5 2)=p(5 2]"100; &
"Paramaters.”; lat mask]1,2]=0 1; 2t fmtE 3j="*s "7 7

B |l 1

=1
do wndil i=5;

y=printfm{p[i, ], mask, fmi];

=i+,
endo; T,
=8,
do until i=11;

yEprintfm{pli, ], mask, fmt);

Fit1;

endo. .7 format 4.0;
& pl5.2)=p{5.2)100, @
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& Eid & Correlation(std) print @

"Mumber of Simulations: *;;nesim;;"  Mumber of Sample Persds; " nobs; 7,
"menes 1 s Qulpul™"Séries 2 s Consumplion” "Saries 3 is Irnvestment™
"Series 4 is Capital Stock”"Series 5 is Hours™"Series & = Price Lavel™
"Sefies T is Inflation”,"Series 8 is Y-C Velocity™,

“Geries O is Productieity YL Series 10 ks TFP

"Sefies 11 is Cash efficeancy”."Saries 12 is Real Interest Rate™

"Sefies 13 is Real wage rate’;

7,

. Standard Deviations as Percent ™ format imd 8,3;%;
" SeriEs 1 2 = 4 & & L

1 Uaedeww| 18] 7,

“Saries ) B 8 10 11 12 1357,

i "edenwe T3] 7

1 Contemporanecus Comelation Metrx  “format fm1 5.3;
COneaIT, 7,

T Correlation (Output|{ T+.J), Seres(T))" farmat fm1 5,3
.=

s et A A e e T s A s R SN R

STAMDARD ERRORS FOR ABOVE™ T
Standard Deviations as Percent *. format dm0 &,3;7;

“Sernes: 1 2 3 4 5 6 '

1 " sdewees] 1:6].7,

"Eareg; 7 8 9 10 11 12 1377,

1 "oedens[T13107,

i Contemporanesus Correlation Matrx™ formet /m1 5.3;
concarrs; ¥

h Correlation {Output{T+.1),Series(T))" farmat fm1 frd 5.3,
g

] -5 i} -3 -2 =1 0 1 2 3 4 L &
COIrs',

output off;

slop;

end;

#JI—F 7055 LRBCSRC
(quad, reduce, quadp, hpf @ 4 2O FO L —L v ESE)
proc quadixs h, &u;
@ Caleulate Quadratic Approximation
xsEvector containing steady state values

h=smaill posiive constant
u=statement function fo be approximated
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kacal ij.ng.z hzuin;
n=rowsixs],
g=zaras{n+1,n+1};
Z=zeras(n.n);
hz=abs(h*xs);
Z=diagrwiz, hz);
=1
do until iI=n;
il hzli,1] == & z[ii}=h; endif,
qii+ 1, 1= (uixs 2] ] +we-] (V2-ulxs]¥2i,i]"2;
=y
{t_-u- until j==i;
qfi+ 1+ 1 u(xs+2] i]+2] . j]l-uixs+z..il2{. 1))
=ufxs-Z[ ]+ 2] 11+ uixs-Z]. i]-2]. JIIV

(&i =k
alj+ 1.+ 1j=qfi+1 j+ 1L
v
enda;
=it
enda;
i=1;
do until i=n;

qli*1.1]=(uixs+z].,i]}ulxs-2] 2 ik
qli+1.1]=(q[i+1.1}2*(q[i+ 1. Zn+1]"xs )2,
g[1.i#1]=q[i+1.1];
i=ir1;

enda;

retp(q);
andp;

proc reduce(r.al;
& F s an 0 X n matrix to be reduced by one row and cofemn
a is a vectar af parameters of a linear equation xinl=a"=(1], . xr=1)]
used to eliminate the last row and column of r @&
boeal f FREw,
n=rowsirj;
x=eyein-1])[a;
IMEw=2T",

proc quadp(xs, h,&u)
@Calculate Quadratic Approimation

¥e=vector containing steady state valuss,

h=small positive constant
u=pfoc containing funclsn to be approximated 3
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local i),n.g,z e upros
N=rows{Xs];
gezerosin+1,n+11},
Z=zeros{n,ng;
hz=gbs|h™xs);
z=diagrv[z.hz},
=1
do unitil i=n;
if hali, 1] == 0, i.i]=h; ends,
glie i+ Tp=(uinsez], il ulns-z] E-ulxs) V) 2,
[l B
do until j==i,
qli= 1 j+1]=(uixs+2[, ]+ jlFuxs+z].,i}2]. 00
—ufus-z[ij+2]. j[i+ulxs-2] ikl ]
(K (N e (R O
qli+1.i+1]=afi+1.,j+1k
=i+,
endo;
=i
endo;
j=1;
do until i=n;
gli+1,1]=(w{us2a, i-uixs-2] i W 2*2[i i)
qli=1.1]=(ali+1, 1125 g1, 2 n+ 1" s iE,
ql1,i+1]=qli+1,1].
i=i+1;
endo;

retpiql;
endp;

proc hpfin, i),

a1} Calculates an n x nomeinx that can be used to computs
cyclical componant.
imputs: A = Aumber of abservations in data e

| = lambda {528 Prescott, “*Theory Ahead of Measurement..”]

output:  hpfill = n & n matrix a

lzeal nobs, 8,580

nobs=n;

a=zeros(nobs nobs);

a1, 1=1+;

al1.2]=-2*; a[1,3)=1,

a2, 1]=-2"I; 8[2,2]=1+5";

a2 3=-47; a2 4)=1;

ajnobs-1,nobs-3]=1;

#nobs-1, nobs-2]=-4",

g[nobs-1, nobs-1]=1+5";

a[nobs-1.nobs]=-2*1

#nobs, nobs-2]=1

a{nobs, nobs-1]=-2"1 a[mobs nobs)=1+1;
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=3,

da unlil i={Robs-2);
aflI]=1+5";
afi.i+1]=-4";
ajLi+2]=l;
afii-1]=-a*,
afii-Z]=l;
=i=1;

enda;

arceyelnobs)-inv(al,

& save ¥gauss¥prg¥hpfilt=ai, &

retplal);

endg:
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