0L Whimy

num  wtnail

Velocity

Velocity
Velocity

L.

11

1991 Iving Fisher
(The quantity theory: The transaction approach)

MV PT



M (Quantity of money)
V (Velocity of money)
P (Price level)
T ( ) (Volume of
transaction)
(dentity)
( )
( )
1
2 ( ) T
T
( 2533.286)
3 V
2533:286)
1)
"Hoarding"
L (Demand deposit)
"Hoarding'

(The degree to

which receipts and the disbursements were synchronized)
V



Vv Vv
)
(Vertical integration)
Vv
(4) p MV T
P MV T vV T
M P
1.2 : ( 2533.289-290)
(Final goods and
Services) T (Double counting)
My = PyY
M
Py
Y
(Real GDP)
vy

(Income velocity of
money)

MWy = PyY
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MVy =

Py

< U < =

PyY

Py
MV

M = kPY

vy

Py

Alfred Marshall, Pigou

Robertson

N



(Supply condition)

(kPY)

14 4
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(Capital loss)

(Capital gain)

1.5

Friedman
Quantity theory Friedman

Friedman
(Wealth)

Friedman (
2541: 63-64)
1 (rm)



1

(Capital gains) (Par value)

Friedman
M

Xmd

(re)

( )

(H)
(Human capital)
(Y)
()
(P)
fy, P, rm> o' 1o, ) (2.1)

Homogeneous of degree 1 in price and income
F@y, xo threh )

af (Y, P, rorc, b, )

=1y 2.1
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MY = f(LPIY, m, b, h, ) 22)

V() =11 ) 2.3
Y =M*V (P, rm, 1@ rc,h, ) (2.3)
V() Velocity function
Friedman Velocity
1
Non-stationary Unit root
Non-stationary
Ordinary least square (OLS)  Two-
stage least square (TSLS) (Spurious relationship)
2538:21) first
differencing Box Jenkins (1970)
Stationary
Spurious regression
1980s Cointegration
Non-stationary Spurious regression
Cointegration Error correction model
Stationary  Nonstationary
Stationary 2.1 2.2

stationary process



Cointegration Error correction model
(1987) Cointegration ~ Johansen  Juselius (1990)
23 24
2.1 »  Stationary process
Stationary
1 (Mean)
E(X)  =E(Xt+p) =0 i t
2. (Varian)
Var(Xt)= Var(Xttm) = 0-2 t
3. (Covariance) t

Cov (Xt, X{+k) = Cov (Xt+m, Xt+m+k) = Yk

Non-stationary
Stationary (differencing) 1
2
2.2 Stationary
Stationary

Stationary Autocorrelation function
root

2.2.1 Stationary
function

Autocorrelation function

t t+k k=0123

Granger

Non-stationary

Unit

Autocorrelation
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D= 4\)(t g/ t+k i ?]
.Yt-//y E Y-l-klA\y2

Autocorrelation function
Sample autocorrelation function (¢ k)

A
=, Y Y
K stationary
Sample correlogram
1) Pk
Stationary Kk k>0
Pk=1 k=0
(Joint hypothesis)
HO:/?k =0 ( k> )
HL:A 0 1 k )
Box-Pierce Q statistic Ljung-Box (LB) statistic
Box-Pierce Q Statistic (Q)
Q= Ipk
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Ljung-Box Statistic (LB)

( .2)
B=(+) | *
lag
Q and LB Statistic degree of
freedom
!
Q-stafistic LB statistic
1 1 k > O
Non-stationary
2) Sample correlogram
pk (plot) lag (k)
Sample correlogram Sample correlogram
k Stationary 2.1 stationary
Sample correlogram Pk
k Non-stationa® 2.2
21 ample correlogram stationary

Stationary series.
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22 ample conelogram Nonstationary

TIME-SERIES MODELS
Nonstationary series.
2.2.2 Unitroot
Unit root Dickey ~ Fuller (1979)
Autoregressive model
Yt =pyt 1+ Ut (2.4)
ut
ut o outq
24
AYt =ip -1) Yt-1 + Ut
= OYt -+t (25)
Ay4=Yt- Y
8=p-1
Hp 6 =0 » =1
Hi D<o+ «
Tau ratio Tau ratio

t-ratio Tau ratio
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Dickey-Fuller statistic
Non-stationary Unit root

Dickey-Fuller
AYt= pi+0Yti+ 1 (2.6)
AYt= p! +p2t+5 Yt i +ut (27)
Unit root Dickey Fuller
Autocorrelation
OLS Dickey
Fuller (1981) lag (Axt))
Augmented Dickey-Fuller test (ADF) 2526 2T
28,29 210
AYt=5ym + 1 OjAYt] tut 28
=
Ay=[i+OYti+ | OjAYLI+ut (29
o=
AYt=Utoym i+ X diAvti+ 1 210
( lag 2829 210
Autocorrelation
lag Difference lag
Autocorrelation lag
Power of test Null hypothesis Null hypothesis
Akaike
information criterion (AIC)
ac 24 X

1 =-"(I+log(2t) + log(RSS/n)
I Log likelihood function
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k
RSS  Residual sum of squares
lag lag  AIC
Dickey Fuller Unit root
drift linear deterministic trend 2.10
drift 2.9 2.8
2.3 Cointegration Error correction model

Engle Granger

Engle Grangle

pl x1t+p2 x2t+ ..+ Pnxnt= 0
Vector P = (P-, p2 oo Pn)
Vector xt= (X-)t,x2t, ... Xnt)7

Engle Grager Cointegration Xt
d, b p<t~ Cl(d, b)
L Xt Integration  d
2. 3= (P'1P2...Pn)7 (Pxt= p-iXjt + P 2X2t
+ ...tpnxnt) Integration  (d-b) b>0

Vector P Cointegration vector
Engle  Granger

Yt = Po +P Ix 1t +P2x2t +P3x 3t+ et (2.12)
Vector xt = (Yt, x 1t, x 2t, x 3t) 7
Vector p = ( *Po-"Pi-"P2>-P3)

Vector xt integration 1

Yt-Po -PIx 1t -p2x2t -p3X3t = et Stationary
(Error term) stationary et
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Stationary Yt XIt ot Xat

Cointegration Error correction model
Engle -Granger
1 Stationary 211
Dickey Fuller test Augmented Dickey-Fuller test integration
integration
211
Stationary
2 211
3 et Bt Dickey-Fuller
Augmented Dickey-Fuller 212 213
Aét= a- ét +st (2.12)
AB= ..oatl+ £ aitlAStj+St (2.13)
1=1
Ha:a- =0 ( et
)
- a- £0( 211 )
Tau-ratio Dickey Fuller Statistic
Error term stationary Yt
X-, X2t x3t
4 Error correction model
(Disequilibrium) Economic agent
Error

correction model
Error correction model
Yt

Xt X2t *3t Integration (1,1)
"Error-correction mechanism"
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2.12 2.13
Error correction model

Ayt= ctotOC-lét-1 + Z a2i Aytj + X Ct3iAX'|t]

i=1 i=1

+ 7 adiAx2ti+ Z a5iAx3tj+st (2.14)

= | 1=1

2.4 Cointegration Johansen Juseiius

Engle  Granger

2
Regression
2 Cointegrating vector 1
2
i
215 216
Yt = Pic + PiiZt+ell (2.15)
L = Po+p2vt+ e2 (2-16)
(> 00 ) Asymptotic theory
Unit root el Unitroot ez
2.15
(Cointegration) 2.16
(No cointegration)
Engle-Granger Two-Step estimator
1 Error term 2
Ae =@, et-i+ -
al
1
1 2 1988 Maximum likelihood
estimator Johansen stock Watson Two-step
estimators Cointegrating vector

1



2

A unrestricted n-equation vector

autoregression (VAR) X lag k
Xt = 7IXM+-+7CRKLk+SE (2.17)
Xt (x1
8t
(St ~iid) A
2.17 Error correction model
Ax t=1 1AX t-1+ r2Ax 241 K. IAX t*+1+n x t-k+ St @ 18)
T| = -(I-nl 7NN nij:l=12..kl
n = (I-n-i-n 2- ... n k
xt (nx1) boxt '
Non-stationary p<t- 1(1)] 1 Stationary [Axt ~
St (8t
~ jid) A
I |dentity Matrix
n
Rank n Cointegrating vector
X1
Axt  Axt integration nxt
k Integration
Johansen Juselius
Cointegrating vectors Vector xt
lag VAR model 2.18 [ "Likelihood



ratio test" Sims "Minimum final prediction error test" Akaike
Likelihood ratio test lag
LR = -2 (RLLF - ULLF)
ULLF Log-likelihood function Unrestricted model
RLLR Log-likelihood fonction Restricted model
HO . lag lag Restricted model
HL . lag lag Unrestricted model
LR test statistic X Degree of freedom (df)
(in2 i lag Unrestricted model
Endogenous variable VAR
Cointegrating vectors Vector xt

(1) Rank (r1y =0
k (FI) = Full rank Vector X

(2) Ran
Stationary

() rank (FI) =r 0<r<

Trace test

Integration

Cointegrating vectors (1)
Maximal eigenvalue test

Trace test  Likelihood ratio (LR) test

2 Q= T 1 (1) = "trace
i=r+l
Maximal eigenvalue
2 (Q = -Tin(1-i 4.1) Max
T
Endogenous variab”
A Eigenvalues

Cointegrating vector

VAR model

H

[

22
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Trace test (Ho) VAR model
2.18 Cointegrating vector [ ()
Cointegrating vectors [
Maximum eigenvalue test (Ho) VAR model
2.18 Cointegrating vector [
(H-) Cointegrating vectors r+1
Likelihood ratio test Serletis (1994)
Tract test Maximum eigenvalue test
Eigenvalue P
=0 (He)  Cointegrating vector
VAR model
Cointegrating vector r<i,r
<2 < g r<rg-lg r19g=123,..
Cointegrating vector = rg Normalizing cointegrating vector |3
Cointegration Error correction model
Johensen Juselius
1 Stationary Velocity
Velocity Unit  root Augmented
Dickey Fuller (ADF) Velocity Velocity integrate
2 Cointegration Velocity
Velocity Cointegrating vector ~ Maximum likelihood Likelihood
ratio test Cointegrating vector
Velocity
3
Velocity Velocity

Velocity
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Velocity

Velocity
Velocity
Velocity
Bordo Jonung (1981 1990) Ry Siklos (1988) (1989)
Suraphol (1991) Siklos (1993) (1998)
Velocity
Bordo Jonung (1981
1990) Raj  Siklos (1988)  Siklos (1993)
Velocity (1989) Suraphol (1991) (1998)
Bordo  Jonung (1981 1990) Raj
Siklos(1988) (1998) (1989)
Suraphol  (1991)
Velocity Bordo
Jonung (1981 1990) Raj  Siklos(1988) (1989) Suraphol (1991)
(1998)
Bordo  Jonung (1981  1990) Raj  Siklos
(Proxy variable)
(LNAIL)
(Monetary economy)
(CIM)
(TNBFAITFA) (1989)  Suraphol
(1991)

(1998)
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(M2/M1)
Bordo  Joining (1981  1990) Raj  Siklos(1988) Suraphol
(1991)  Siklos (1993) (pe)
(Y) Velocity

Velocity of ML Velocity of M2
Velocity of M2 (1989) Suraphol (1991)

C/M Bordo
Jonung (1981  1990) Raj  Siklos (1988) Siklos (1993)
LNA/L
TNBFA/TFA (1998)
M2/ML
Velocity of ML (1989) Suraphol (1991) '
(1998)
(OLS  Cochrane-Orcut)
Velocity Bordo
Jonung (1981 1990) Velocity of M2
1
Bordo Jonung
(1990) Raj Siklos (1988)
Velocity
(1989) Velocity of M2
Suraphol (1991) (1998)

Velocity of ML (1989)  Suraphol
(1991)
(1998)
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Bordo  Jonung (1981 1990)
Velocity
Raj Siklos (1988) (1989)
Suraphol (1991) (1991)
Velocity of ML Velocity of M2
Velocity of M2
Bordo  Jonung (1981 1990 )

LNA/ILt 1 Velocity of M2 Bordo ~ Jonung
(1981 1990) LNAL
Raj Siklos(1988)

ClnX Velocity of M2 Bordo ~ Jonung
(1981  1990)Raj  Siklos (1988) CM

Velocity of M2
(1989)
(1998)
Velocity of M2
(1989)
Velocity of ML (1998)

(cycle)Ut, Velocity of M2 Bordo
Jonung (1981 1990)  Raj  Siklos (1988) cycle

TNBFA/TFA  M2ML
Velocity of M2 Bordo ~ Jonung (1981  1990)
Raj  Siklos (1988) TNBFA/TFA
(1998) M2/M1
M2IM~ Velocity of ML (1998)

(Sy) Bordo Jonung
(1981 1990)
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SY Raj Siklos (1988)
Bordo  Jonung Velocity
Velocity

Non stationary

Goud  Nelson (1974) Haraf (1986) ~ Sikios (1988)  Siklos

(193 Velocity Non stationary Unit roots
OLS
(Spurious relationship)
Rj  Sikios (1988 Bordo  Jonung (1980)
Velocity Spurious relationship
R : Raj Siklos
first difference log level log level
log level
(LNAIL) first difference
Non-stationary Bordo Jonung
Velocity 190 log level
first difference log level LNAL
CM  TNBFAITFA Velocity
first difference
Non stationary first difference
Siklos (1993) Velocity Cointegration
Spurious relationship
Velocity

Velocity
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2. Velocity of money function

Bordo  Jonung (1990)

(1989)  Suraphol (1991) (1989) Velocity of
function Velocity of ML function
(1989) Velocity of ML function

Suraphol (1991) (1998) Velocity of ML function

3.

Velocity

Gould Nelson (1978)

Velocity Velocity

Suraphol (1991)
Velocity
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