Péng tich hop va moé hinh hiéu chinh sai sé
Domadar N. Gujarati

(Econometrics by example, 2011: Chapter 15).

Trong chuwong trwgc chung ta ndi rang néu hdi quy mot chudi khong duwng
theo moét hodc nhigu chudi khong ding, thi ching ta cé thé thu duwgc moét gia
tri R? cao va mét hodc nhieu hé sé hoi quy coé y nghia théng ké trén co sé cac
kiém dinh t va F thong thwong. Nhung nhirng két qua nay co kha nang gia
mao hodc sai lam béi vi cac tha tuc hoi quy tuyén tinh chuan [Dién giai: Hoi
quy theo phuong phap OLS] gid dinh rang cac chudi thoi gian dwoc dua vao
phéan tich 1a cac chudi dwng theo y nghia da dwoc dinh nghia & chuwong truwéc
[Chu thich: Chuong 13 vé chudi dirng va chudi khéng ding]. N&u digu nay
khong dung, cac két qua hai quy c6 thé la hsi quy gia mao [Dién giai: M6 hinh
dep v&i R? cao, hé s co dau dung nhu ky vong va c6 y nghia théng ké dua

trén kiém dinh t, nhwng khong cé y nghia gi vé mat kinh té&].

Trong chuwong nay, chung ta sé biét héi quy gid mao c6 thé xuat hién nhu thé
nao va dau la nguyén nhan dan dén hién twong héi quy gia mao. Chung ta

clng sé biét phai lam gi néu gap phai trwong hop héi quy gia mao.

Trong chuwong nay, chung ta clng giai thich hién tuwong déng tich hop
(cointegration, dong tich hop, hoac tich hop dong bac), mét tinh hudng trong
do viec hoi quy mot chudi khong dirng theo mét hodc nhiéu chudi khong dung
co thé khong dan dén két qua hai quy gia mao. Néu didu nay xay ra, chung ta
ndi rang cac chudi thei gian dang xem xét la déng tich hop, nghia la, co6 mot
méi quan hé can bang hoac hé dai han gitra ching. Chung ta sé xem xét diéu
nay véi cac vi du cu thé va giai thich cac diéu kién dé dong tich hgp co thé xay

ra.



14.1 Hién twong hoéi quy gia mao

Néu mot bién cod xu thé duoc hdi quy theo mét hodc nhidu bién co xu thé thi
chung ta thwong thay céc thong ké F va t co y nghia va gié tri R? cao, nhung
thuc sy khong cdé méi quan hé thwc nao gitta chung béi vi mdi bién cd xu
huéng tang |én qua thoi gian. Day dwoc biét nhw van dé héi quy gia mao hoic
hoi quy khong that. Thuwong thi dau hiéu dé nhan biét hdi quy 1a gia mao la
mot gia tri théng ké d Durbin-Watson thap.

Day |a mét sé vi du vé cac hdi quy gid mao:

1. Tylé tlrvong vjthanh nién caa Ai Cap (Y), 1971-1990, dir lieu nam, theo

téng thu nhap ctia nong dan My (1) va cung tién cta Honduras (M).

Y =179.9-0.2952 1 - 0.0439 M, R? = 0.918, DW = 0.4752, F = 95.17
(16.63) (-2.32) (-4.26) Corr = 0.8858, - 0.9113, -0.9445

2. Chi s xuat khau caa My (Y), 1960-1990, dir lieu nam, theo tudi tho dan
ong ngusi Uc (X).

Y =-2943 + 45.7974 X, R? = 0.916, DW = 0.3599, F = 315.2
(-16.70) (17.76)  Corr = 0.9570

3. Chi tiéu quéc phong My (Y), 1971-1990, dir liéu nam, theo dan sé cla
Nam Phi (X).
Y =-368.99 + 0.0179 X, R = 0.940, DW = 0.4069, F = 280.69
(-11.34) (16.75)  Corr = 0.9694

4. Ty lé& toi pham & My (Y), 1971-1991, dir liéu nam, theo tudi tho & Nam
Phi (X).

1 Xem http://www.eco.uc3m.es/jgonzalo/teaching/timeseriesMA/examplesspuriousregression.pdf
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Y =-24569 + 628.9 X, R = 0.811, DW = 0.5061, F = 81.72
(-6.03) (9.04) Corr =0.9008

5. Dan s6 Nam Phi (Y), 1971-1990, dit lieu nam, theo chi tiéu cho nghién

ciru va phat trién caa My (X).

¥ =21698.7 + 111.58 X, R2 = 0.974, DW = 0.3037, F = 696.96
(59.44)  (26.40) Corr = 0.9873

Luwu y: Corr la hé sé twong quan.

Trong mdi vi du nay, khong co ly do hgp ly nao cho méi quan hé dwoc quan
sat gitra cac bién. Co thé xay ra nhu vay vi tat ca cac bién trong nhirng vi du

nay dwong nhuw co xu thé qua thoi gian.

14.2 M6 phéng héi quy gia mao

Xem xét hai chudi buwéc ngdu nhién khong cé hang s6 sau day:
Yi= Y + U,

(14.1)

Xi=Xe1 + Vv
(14.2)

Trong do, u, va v, déu cé phan phai NI1(0,1), nghia la, méi hang nhiéu
theo phéan phéi chuan va déc lap véi trung binh bang 0 va phwong sai
bang 1 (t&c 1a cé phan phai chuan hda). Ching ta chay mo phéng dé cé

duwgc 500 quan sat cho méi chudi tir phan phoi chuan hoa.

Chung ta biét tir thao luan & chuwong truéc rang ca hai chudi nay déu
khong dirng, nghia la, chiing deu la cac quy trinh 1(1) hodc thé hién cac

xu thé ngau nhién.



Vi'Y,va X, la cac quy trinh (1) khong co twong quan nhau, nén dang |é
khong cé bat ky méi quan hé nao gitra hai bién. Nhuwng khi chung ta hoi

quy Y, theo X,, chung ta co dwoc két qua sau day:

Y, = -13.2556 + 0.3376X,

t = (-213685) (7.6122) R*=10.1044, d =0.0123 (14.3)

H&i quy nay cho thay cac hé s6 cat va hé s6 doé déc déu cd y nghia theng
ké cao, vi cac gia tri t rat cao. Vi thé héi quy nay cho thady cé moét mai
guan hé cé y nghia gitra hai bién, mac du dang ly ra khong co bat ky mai
guan hé nao gitra chung. Tom lai, day la hién twong héi quy gid mao,

dwoc phat hién dau tién béi Yule?.

Co6 diéu gi d6 am muédi trong vé két qua dugc cho trong phuong trinh
(14.3), duogc goi y béi mét gia tri théng d Durbin-Watson cuwce ky thap.
Theo Granger va Newbold, /2 > d la mét quy tdc thuc nghiém 6t dé
hoai nghi mbt hoi quy wéc lwong la giad mao®. Tat ca cac vi du duoc thao
ludn & trén duong nhu theo dung quy tic nay. Luwu y rang thong ké d
Durbin-Watson thuwong dugc dung dé do lwong twong quan chudi bac
mot trong hang nhiéu, nhwng no co thé dwoc sir dung nhw mét chi bao

vé mot chudi thei gian la khong dirng.

[Dién giai: Hwdng ddn mo phdng trén Eviews va Stata hai phuong trinh
(14.1) va (14.2)]

2 G. U. Yule. Why do we sometimes get nonsense correlation between time series? A study in sampling and the
nature of series. Journal of the Royal Statistical Society, vol. 89, 1926, pp. 1-64.

33 C. W. J. Granger and P. Newbold, Spurious regression in econometrics. Journal of Econometrics, vol. 2, 1974,
pp. 111-20.



Eviews 8

Buwéc 1: M& mot tap tin mai, chon loai khong ngay thang (new workfile,
undated), nhap s6 quan sat la 500.

i Eviews
File Edit Object View Proc Quick Options Add-ins Window Help
New 4 Warkfile... Ctrl+N
Open » Database...
Save Ctr+5 Program
Save As.. Text File
Close

Waorkfile Create

Waorkfile structure type Data range
Unstructured / Undated Observations: 500

Bwéc 2: Trén cira s6 1énh, tao bién Y va X theo cac |én sau day:

smpl11

genr Y=0

genr X=0

smpl 2 500

genr Y=Y (-1)+nrnd
genr X=X(-1)+nrnd
smpl 1500

Buwéc 3: Vé do thi Y va X

plot Y X
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Buwéc 4: Hoi quy Y theo X [Luwu y: Do ngdu nhién nén két qua cla toi sé khéac

véi két qua Gujarati, va cing sé khac
regress Y ¢ X

Dependent Variable: Y
Method: Least Squares
Date: 10/11/17 Time: 10:12
Sample: 1 500

Included observations: 500

k&t qua cla banl.

Variable Coefficient Std. Error t-Statistic Prob.

C -7.788719 0.735617 -10.58800 0.0000

X 0.156599 0.048878 3.203860 0.0014
R-squared 0.020196 Mean dependent var -5.687652
Adjusted R-squared 0.018228 S.D. dependent var 7.521018
S.E. of regression 7.452156 Akaike info criterion 6.858876
Sum squared resid 27656.24 Schwarz criterion 6.875734
Log likelihood -1712.719 Hannan-Quinn criter. 6.865491
F-statistic 10.26472 Durbin-Watson stat 0.017572
Prob(F-statistic) 0.001443




Stata 14:

Tao tap tin do-file nhw sau:

clear

set obs 500

gen timevar = _n

set seed 12345

drawnorm el e2, n(500) means(0 0) sds(1 1)
geny =0

replacey =y[ n-1] +elif n>1
genx =0

replace x = x[_n-1] + e2if n>1
twoway (line y time) (line x time)
twoway (scatter y x) (Ifit y x)
regy x

tsset timevar

estat dwatson

o
F
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® y — Fitted values

. reg ¥y x
Source | 85 df MS Number of obhs = 500
i Fi{l, 498) = 255.93
Madal 14340.8B69 1 14340.889 Prob > F = 0.0000
Residual 27905.1352 438 56.034408 R-sguared - 0.3385
Adj B-squared = 0.3381
Total 42246.0042 499 84.661331 Root MSE = T.4856
y Coef. Std. Frr. t P>t [95% Conf. Intervall]
® -.5257215 .0328621 =16.00 0.000 -.590287 -.461156
_cons 20.23288 3348397 60.43 0.000 18.57501 20.8%075

. tsset timevar
time wvariable: timevar, 1 to 500
delta: 1 unit

. estat dwatson

Durbin-Watson d=-statistic{ 2, 500) = .0248383



14.3 C6 phai héi quy caa chi tiéu cho tiéu dung theo thu nhap kha
dung la gia mao?

Tap tin Table 14.1 (trén trang web cla cudn sach) la dir lieu theo quy vé chi
tiéu cho tiéu dung ca nhan (PCE) va thu nhap ca nhan kha dung (tic la thu
nhap sau thu&) (PDI) cta My giai doan 1970-2008, véi téng sé 156 quan sat.
Tat ca dir lieu dwoc tinh bang ty dola theo gia c6 dinh nam 2000.

Dau tién chung ta hay vé doé thi, nhu thay trong Hinh 14.1. Nhv thuwong lam,
chung ta vé dir liéu dudi dang log dé cho thay déi trong cac bién |a sy thay

déi twong déi, hodc thay déi phan tram sau khi nhan cho 100.
Stata 14:

twoway (tsline Inpce) (tsline Inpdi)

T T
0 50 100 150
Time

In(pce) In(pdi)

Hinh 14.1: Log caa PDI va PCE, My, 1970-2008.



Hinh nay cho thay ca hai chuéi LPDI va LPCE déu la nhitng chubi c6 xu thé,
diéu nay goi ra rang hai chubi nay khong ding. Chung duong nhuw theo quy
trinh 1(1), nghia la, co xu thé ngdu nhién. Didu nay co thé dugc xac nhan bang
kiém dinh nghiém don vi, nhu duoc trinh bay & Bang 14.2 va 14.3.

Bang 14.2: Phan tich nghiém don vi cta chudi LPDI (véi Eviews 8).

Null Hypothesis: LNPDI has a unit root

Exogenous: Constant, Linear Trend
Lag Length: 1 (Fixed)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.774812 0.2089
Test critical values: 1% level -4.018748
5% level -3.439267
10% level -3.143999
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LNPDI)
Method: Least Squares
Date: 10/11/17 Time: 10:59
Sample (adjusted): 3 156
Included observations: 154 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
LNPDI(-1) -0.111333 0.040123 -2.774812 0.0062
D(LNPDI(-1)) -0.122370 0.080488 -1.520348 0.1305
C 0.894819 0.318753 2.807251 0.0057
@TREND("1") 0.000810 0.000300 2.703098 0.0077
R-squared 0.083395 Mean dependent var 0.007459
Adjusted R-squared 0.065063 S.D. dependent var 0.009846
S.E. of regression 0.008520 Akaike info criterion -6.445160
Sum squared resid 0.013595 Schwarz criterion -6.366278
Log likelihood 500.2773 Hannan-Quinn criter. -6.413118
F-statistic 4.549108 Durbin-Watson stat 1.975778
Prob(F-statistic) 0.004415
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Bang 14.3: Phan tich nghiém don vij cla chudi LPCE (véi Eviews 8).

Null Hypothesis: LNPCE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Fixed)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.038416 0.5754
Test critical values: 1% level -4.018748

5% level -3.439267

10% level -3.143999

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LNPCE)

Method: Least Squares

Date: 10/11/17 Time: 11:03

Sample (adjusted): 3 156

Included observations: 154 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
LNPCE(-1) -0.050320 0.024686 -2.038416 0.0433
D(LNPCE(-1)) 0.313334 0.079964 3.918415 0.0001
C 0.398477 0.192288 2.072292 0.0399
@TREND("") 0.000397 0.000201 1.975800 0.0500
R-squared 0.111128 Mean dependent var 0.007845
Adjusted R-squared 0.093351 S.D. dependent var 0.006781
S.E. of regression 0.006457 Akaike info criterion -7.221651
Sum sqguared resid 0.006254 Schwarz criterion -7.142769
Log likelihood 560.0672 Hannan-Quinn criter. -7.189610
F-statistic 6.251084 Durbin-Watson stat 2.104951
Prob(F-statistic) 0.000500

Chung ta sir dung kiém dinh Dickey-Fuller mé réng (ADF) bang cach dua
thém mot bién tré cha sai phan bac moét caa LPDI. Hé s& ma chung ta quan
tdm nhat 14 hé sé caa bién tré mét giai doan cta LPDI (Bang 14.2), c6 gia tri
la -0.11133, hé sé nay co y nghia théng ké & mdc y nghia 0.006 trén co sé&
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kiém dinh t thong thuong, nhung lai cd y nghia théng ké & mic y nghia 0.20
trén co s& théng ké tau, dieu nay chi ra rang chudi LPDI la mét chudi khong

dirng.

Tuwong ty, chudi LPCE (Bang 14.3) clng la chudi khong dirng trén co sé& kiém

dinh ADF, mac du kiém dinh t thong thuong dua ra két luan nguoc lai.

Duong nhu ca hai chudi LPDI va LPCE déu cé nghiem don vi, hodc cd xu thé
ngau nhién. Vi thé, néu hai quy LPCE theo LPDI, chung ta co thé gap phai van
dé hoi quy gid mao. Trudc khi xem xét kha nang nay, ching ta hay trinh bay
két qua hoai quy (Bang 14.4).

Bang 14.4: Hoi quy LPCE theo LPDI.

Dependent Variable: LNPCE
Method: Least Squares
Date: 10/11/17 Time: 11:18
Sample: 1 156

Included observations: 156

Variable Coefficient Std. Error t-Statistic Prob.
C -0.842510 0.033717  -24.98747 0.0000
LNPDI 1.086822 0.003949 275.2414 0.0000
R-squared 0.997971 Mean dependent var 8.430699
Adjusted R-squared 0997958 S.D. dependent var 0.366642
S.E. of regression 0.016567 Akaike info criterion -5.350027
Sum squared resid 0.042269 Schwarz criterion -5.310927
Log likelihood 419.3021 Hannan-Quinn criter. -5.334146
F-statistic 75757.80 Durbin-Watson stat 0.367187
Prob(F-statistic) 0.000000

Trwédc khi chung ta giai thich két qua haéi quy, lwu y rang R? > d = 0.3672. Dieu
nay goi lén moét kha nang héi quy nay co thé la gid mao bédi vi héi quy mot
chudi cd xu thé ngau nhién theo mét chudi cd xu thé ngau nhién khac. Di

nhién, néu chung ta giai thich chi dwa trén théng ké Durbin-Watson, thi két
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qua nay cho thay hang nhiéu ctia mo hinh héi quy nay vwéng phai hién twong

ty twong quan bac mét.

K&t qua héi quy cho thay hé sé co gian cda chi tiéu cho tiéu dung ca nhan
theo thu nhap kha dung la 1.08 — tirc la mét phan tram gia tang trong thu
nhap kha dung dan dén gia tang hon mot phan tram trong chi tiéu cho tiéu

dung ca nhan. Hé sé co gian nay duong nhu 1a cao.

Bé&i vi khd nang xay ra héi quy gid mao, nén chung ta can phai than trong vai

cac két qua nay.
Bang 14.5: H6i quy LPCE theo LPDI va xu thé.

Dependent Variable: LNPCE
Method: Least Squares
Date: 10/11/17 Time: 18:54
Sample: 1 156

Included observations: 156

Variable Coefficient Std. Error t-Statistic Prob.

C 1.675328 0.487797 3.434481 0.0008

LNPDI 0.770242 0.061316 12.56178 0.0000

@TREND 0.002366 0.000457 5.172252 0.0000

R-squared 0.998273 Mean dependent var 8.430699

Adjusted R-squared 0.998251 S.D. dependent var 0.366642

S.E. of regression 0.015335 Akaike info criterion -5.498348

Sum squared resid 0.035979 Schwarz criterion -0.439697

Log likelihood 431.8712 Hannan-Quinn criter. -5.474527

F-statistic 44226.46 Durbin-Watson stat 0.261692
Prob(F-statistic) 0.000000

Vi ca hai chudi thei gian déu c6 xu thé, chung ta hay xem diéu gi xay ra néu
chung ta duwa thém mot bién xu thé vao md hinh. Trudc khi lam nhu thé, diéu
dang dé chung ta lwu y la bién xu thé |a bién dai dién cho tat ca cac bién khac
c6 thé anh huwdng dén ca bién phu thudc va bién giai thich trong md hinh. Mét

trong sé do la bién vé dan sé, bai vi khi dan sé tang lam tang chi tiéu cho tiéu
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dung ca nhan va téng thu nhap kha dung cling tang. Néu chung ta cé dir liéu
dan sé theo quy, chung ta c6 thé dua thém bién dé vao nhu mét bién giai
thich thay cho bién xu thé&. Nhwng t6t hon la ching ta nén thé hién chi tiéu
cho tiéu dung va thu nhap kha dung ca nhan trén co sé binh quan dau nguai.
Vi vay, nén nha la bién xu thé co thé 1a mot bién dai dién cho nhiéu bién khac.
V@i canh bao nay, chung ta hay xem diéu gi xay ra néu dwa thém bién xu thé
vao mo hinh (Bang 14.5).

So véi két qua trong Bang 14.4, co nhiéu sy thay déi. Hé sé co gian caa LPCE
the LPDI bay gio thap hon hon 1 nhiéu, mac du nd van co y nghia théng ké
trén co s& kiém dinh t thong thuwong va bién xu thé cling co y nghia théng ké.
Vi thé, sau khi tinh dén xu thé tuyén tinh, mai quan hé gitta hai bién van la
dong bién rat manh. Nhuwng mét [an nira ban hay lwu y la gia tri théng ké d
Durbin-Watson van thap, dieu nay ham y két quad wéc lwong van con bij tu

twong quan. Hoac co |é hdi quy nay clng |a héi quy gid mao.

14.4 Khi nao mét héi quy gia mao c6 thé khong gid mao

Nén tang cda hoéi quy trong Bang 14.5 & mo6 hinh héi quy téng thé nhu sau:
LPCE, = B, + B,LPDI, + Bst + u, (14.4)

Trong do t la thei gian hay xu thé.

Viét lai m6 hinh nay nhu sau:

u, = LPCE, - B; - B,LPDI, - Bt
(14.5)

Sau khi wac lugng phuong trinh (14.4), gia st chung ta kiém dinh nghiem don
vi hang nhiéu wéc lvong caa u, (tic 1a phan du e,) va nhan ra phan duw nay la
mot chudi dirng, nghia 14, no 1a mot quy trinh 1(0). Bay 1a mot tinh husng thu
vi, vi mic du log cda PCE va log caa PDI deu l1a 1(1), tic 1a, chung co xu thé

ngau nhién, nhuwng két hop tuyén tinh gitta ching nhw trong phwong trinh
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(14.5) 13 1(0). K&t hgp tuyén tinh nay, phai néi 4, triét tiéu cac xu thé thé tuyén
tinh chra trong hai chudi di¢ lieu. Trong truong hop do, héi quy caa LPCE
theo LPDI khong phai la gia mao. Néu diéu nay xay ra, chung ta noi rang cac
bién LPCE va LPDI |a dong tich hegp (dong tich hop). Digu nay cé thé duoc
thay ro trong Hinh 14.1, vi mac du hai chubi c6 xu thé ngau nhién, nhung
chung khong co troi dat xa nhau mot cach dang ké. Didu nay twa nhw hai ga
say buédc lang thang khong muc dich, nhung ho van gitr mét khodng cach nhat

dinh cung nhau.

Noi theo ngdbn ngir kinh t& hoc, hai bién sé déng tich hgp néu cdé mét méi
quan hé can bang hodc dai han gitra ching. Trong ngir canh hién tai, ly thuyét
kinh t€ cho chung ta biét rang co moét mai quan hé manh gira chi tiéu cho
tiéu dung va thu nhap kha dung cé nhan. Nhé rang PCE chiém khodng 70%
PDI.

Diém chinh cuda tat cd thao luan nay la “khdng phai tat ca cac hai quy chudi
thoi gian déu la gida mao”. Di nhién, chung ta can kiém dinh mét cach chinh
thiére. Nhu Granger lwu y: “Kiém dinh déng tich hop co thé duoc nghi nhu mét

cach kiém dinh trwéc dé tranh céac tinh hudng hai quy gid mao™.
Theo ngdn ngir cua ly thuyét dong tich hop, hdi quy nhw (14.4) dwoc biét nhu

mot hoi quy dong tich hep (cointegrating regression) va tham sé do déc B,

va B, duoc bigt nhuw cac tham sé dong tich hop (cointegrating coefficients).
14.5 Cac kiém dinh déng tich hop

Mac du cé nhigu kiém dinh déng tich hgp, & day chung ta xem xét kiém dinh
da dwogc thao luan trong chwong trudc, cac kiém dinh nghiém don vi DF va

ADF cho phan duv dwoc wéc luvong tir hoi quy dong tich hop, duoc thay déi

4 C.W. Granger, Developments in the study of co-integrated economic variables, Oxford Bulletin of Economics
and Statistics, vol. 48, 1986, p. 226.
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thanh cac kiém kiém dinh Engle-Granger (EG) va Engle-Granger mé rong
(AEG)>.

Cac kiém dinh EG va AEG

Dé sir dung kiém dinh DF hoac ADF, chung ta wéc lvgng mét md hinh hai quy
nhu phwong trinh (14.4), lwu phan duv tr phwong trinh nay, va st dung cac
kiém dinh nghiém don vi cho chudi phan du vira thu dwgc. Tuy nhién, vi ching
ta chi quan sat e,, ch&r khdong phai u,, nén cac gia tri m&c y nghia phé phan
ciaa DF va ADF can phdi duwgc diéu chinh, nhu duoc dé xuat bédi Engle va
Granger®. Trong ngr canh kiém dinh déng tich hop, cac kiém dinh DF va ADF
duwoc biét véi tén goi la cac kiém dinh EG va AEG, cac kiém dinh nay hién nay

da dugc dua vao mot sé phan mém théng ké.

Chung ta hay ap dung cac kiém dinh nay cho héi quy PCE-PDI trong phuong
trinh (14.4). K&t qua hdi quy nay duoc trinh bay trong Bang 14.5. Trudc hét,
ching ta hay thuc hién kiém dinh EG khong c6 hé s6 cat va khdng co xu thé,

ké&t qua kiém dinh duwoc cho trong Bang 14.6.

R6 rang, két qua kiém dinh cho thay chudi phan du tir hoi quy (14.5) 1a mot
chudi dirng, vi gia tri fau tinh toan cua bién tré cta phan duv lén hon nhiéu so
véi cac gia tri phé phan trong bang. K&t qua kiém dinh khong thay déi nhiéu
néu ching ta dwa thém mot sé bién tré D(S;). Clang luu y gia tri théng ké d

Durbin-Watson thay déi nhu thé nao.
Cac kiém dinh nghiém don vi va kiém dinh déng tich hop

Luwu y sw khac biét gitra cac kiém dinh nghiém don vj va kiém dinh déng tich
hop. Cac kiém dinh nghiem don vi duoc thuc hién trén mét chudi don &, trong

khi kiEm dinh déng tich hgp x{r ly méi quan hé gitta mét nhom cac bién, trong

5 M6t kiém dinh vai cac tinh chat théng ké t6t hon 1a kiém dinh déng tich hop cla Johansen. Nhung kiém dinh
nay hoi phirc tap vé mat todn hoc. Ban doc quan tdm cé thé tham khdo mét sd gido trinh dwoc dé cap trong
chuong nay.

6R. F. Engle and C. W. Granger, Co-integration and error correction, estimation, and testing, Econometrica, vol.
55, 1987, pp. 251-76.
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dd méi bién cd mét nghiem don vi. Trong thuc té, tét hon la nén kiém dinh
nghiém don vi cho tirng chudi, vi rat co kha nang moét sé chudi trong nhom cé
thé co hon mot nghiém don vi, trong truong hgp do chung co thé phai duoc
lay sai phan nhigu hon mét lan dé tré thanh nhirtng chubi dirng.

Bang 14.6: Kiém dinh nghiém don vi phan dw tir hoi quy (14.4).

Null Hypothesis: S3 has a unit root

Exogenous: None
Lag Length: O (Automatic - based on SIC, maxlag=0)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -3.392603 0.0008
Test critical values: 1% level -2.579967

5% level -1.942896

10% level -1.615342

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(S3)

Method: Least Squares

Date: 10/12/17 Time: 14:49

Sample (adjusted). 2 156

Included observations: 155 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

S3(-1) -0.135994 0.040085  -3.392603 0.0009
R-squared 0.067808 Mean dependent var -0.000336
Adjusted R-squared 0.067808 S.D. dependent var 0.007812
S.E. of regression 0.007542 Akaike info criterion -6.930141
Sum squared resid 0.008761 Schwarz criterion -6.910506
Log likelihood 538.0860 Hannan-Quinn criter. -6.922166
Durbin-Watson stat 2.388967
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Né&u hai chudi Y va X dirng & cac bac khac nhau, thi hang nhiéu trong hai quy
cua Y theo X la khéng dirng va phuwong trinh héi quy nay duoc goi la khdng
can dai (unbalanced). Trai lai, néu hai chubi tich hgp déng bac, thi phuong

trinh hoi quy duogc goi la can dsi (balanced).
14.6 Déng tich hgp va co ché hiéu chinh sai sé

Sau khi dua bién xu thé& tat dinh vao moé hinh, ching ta thay rang hai chudi
log cia PCE va log cha PDI déng tich hop, nghia |la, ching c6 mét méi quan
hé can bang hoac dai han. Nhuwng méi quan hé can bang nay dat duwoc nhu

thé& nao, vi trong ngan han co6 thé la khong can bang?

Chung ta co thé x& ly sai s6 chuan trong phuong trinh (14.5) nhu sai s6 ‘diéu
chinh vé can bang’ (equilibrating error term), s6 hang nay coé vai tro digu chinh
cac sai léch caa LPCE so véi gia tri can bang cta no, va gia tri can bang nay
duwoc xac dinh baéi hoi quy dong tich hgp (14.4). Dennis Sargan goi day la co
ché hiéu chinh sai sé (error correction mechanism, ECM), mét thuat ngir sau

nay dwoc phé bién bai Engle va Granger’.

Mot dinh ly quan trong, dwoc biét véi tén goi la Dinh ly biéu dién Granger
(Granger Representation Theorem). Dinh ly nay cho rang néu hai bién Y va
X déng tich hop, thi méi quan hé cda chung co thé duwgc thé hién nhw mét co
ché& hiéu chinh sai s6. D& hiéu tam quan trong cda dinh ly nay, chung ta tiép
tuc vai vi du vé méi quan hé gitra PCE va PDI. Bay gior chung ta hay xem xét

mo hinh héi quy sau day:

ALPCEt = Al + AzALPDlt + Agut_l + Vt
(14.6)

7 Xem J. D. Sargan, Wages and prices in the United Kingdom: a study in econometric methodology, in K. F. Wallis
and D. F. Hendry (eds), Quantitative Economics and Economic Analysis, Basil Blackwell, Oxford, UK, 1984.
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Trong do A nhu thong thuong, la toan tir sai phan bac mét, u,, la gia trj tré
mot giai doan cua s6 hang hiéu chinh sai s6 (error correction term) tir phwong

trinh (14.5), va v, la hang nhiéu trang.

Nhu da biét, phuong trinh (14.4) thé hién méi quan hé dai han gitta LPCE va
LPDI. Nguoc lai, phwong trinh (14.6) cho biét m&i quan hé ngén han gitra hai
bién nay. Cing nhu B, trong phuong trinh (14.4) cho biét tac dong dai han
ctia LPDI 1én LPCE, A, trong phuong trinh (14.6) cho biét tac déong ngan han
hodc tac dong tic thoi cda ALPDI [én ALPCE.

Mé hinh (14.6), duwoc goi 1a mé hinh hiéu chinh sai sé (error correction
model, ECM). M6 hinh ECM thé hién thay déi trong LPCE phu thuéc vao thay
doi trong LPDI va do tré cda hang nhiéu can bang u,;% N&u hang nhiéu nay
bang khong, sé khong cé sy mat can bang nao gitra hai bién va trong truong
hop do méi quan hé dai han sé duwogc xac dinh bai méi lién hé déng tich hop
(14.4) (khéng co hang nhiéu & day). Nhung néu hang nhiéu can bang khéac
khong, thi méi quan hé gitra PCE va PDI sé chéch ra ngoai trang thai can

bang.

DPé thay dieu nay, chiung ta cho ALPDI = 0 (khéng co thay déi trong LPDI) va
gid st u,; l1a dwong. Biédu nay co6 nghia rang LPCE, ; qua cao so véi can bang
—tire 14 LPCE, ; [Dién giai: Toi nghi t-1 ch khong phai t nhu trong ban tiéng
Anh] & trén gia trj can bang cda no (B; + B,LPCE, ;). Vi A; trong phuong trinh
(14.6) duwoc ky vong mang dau am, nén sé hang Asu,; |a am va, vi thé ALPCE,
sé am dé khoi phuc vé trang thai can bang. Nghia la, néu LPCE, & trén gia trj
can bang cda nod, nd sé bat dau gidam trong giai doan tiép theo dé diéu chinh

sai s6 can bang; vi thé no c6 tén la ECM.

8 Ching ta st dung hang nhiéu tré mét giai doan b&i vi hang nhiéu trong ky trudc sé dwoc st dung dé diéu chinh
sw mat can ddi trong giai doan hién tai.
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Tuong tw, néu LPCE, & duai gia tri can bang cta né (tec la u,; 1a am), thi Asu,
, sé duong, va diéu nay lam cho ALPDE, dwong, dan dén LPCE tang Ién trong

giai doan t.

Vi thé& gia trj tuyét déi caa A; mo td méc do quay tré vé trang thai can bang
nhanh nhuw thé nao. Lwu y rang trong thyc t& chung ta wéc lwong u,.; bang wéc

lwgng mau cda no, tic la phan duv e, ;.

Digu thu vi can lvu y: phwong trinh (14.6) két hop ca nhitng thay déi trong
ngan han va dai han. Cing lwu y trong phuong trinh (14.6) rang, tat ca cac
bién deu 1a 1(0), hodc chudi ding. Vi thé phuong trinh (14.6) c6 thé duwoc uédc
lwong bang phwong phap OLS.

Dé hiéu tat ca ly thuyét nay trong thyc té&, chung ta quay lai vi du minh hoa.

Két qua hoi quy phuong trinh (14.6) dwoc trinh bay trong Bang 14.7.
Bang 14.7: M6 hinh hiéu chinh sai s6 caa LPCE va LPDI.

Dependent Variable: D(LNPCE)

Method: Least Squares

Date: 10/12/17 Time: 21:44

Sample (adjusted): 2 156

Included observations: 155 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
C 0.005530 0.000626 8.831215 0.0000
D(LNPDI) 0.3064086 0.051589 5.939405 0.0000
S1(-1) -0.065247 0.033504 -1.947414 0.0533
R-squared 0.189785 Mean dependent var 0.007825
Adjusted R-squared 0.179124 S.D. dependent var 0.006764
S.E. of regression 0.006129 Akaike info criterion -7.332557
Sum squared resid 0.005709 Schwarz criterion -7.273652
Log likelihood 571.2732 Hannan-Quinn criter. -7.308631
F-statistic 17.80224 Durbin-Watson stat 1.707371

Prob(F-statistic) 0.000000

Luwu y: S1 1a phan du tr mo6 hinh héi quy nhu Bang 14.5.
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Giai thich két qua

The nhat, lwu y |a tat cd cac hé sé hoi quy trong bang nay déu co y nghia théng
ké & mirc 6% hodc thap hon. Hé sd khoang 0.31 cho biét: 1% gia tang trong
In(PDI,/PDl, ;) sé& dan dén trung binh 0.31% gia tang trong In(PCE,/PCE,,).
Pay la hé s6 co gian cua tiéu dung theo thu nhap trong ngdn han. Gia tri dai
han dugc xac dinh béi hdi quy dong tich hgp nhu phwong trinh (14.5), khoang
0.77.

Th¢ hai, hé sé cha sé hang hiéu chinh sai s6 khoang -0.065 cho biét chi
khodng 6.5% sy chénh léch gitra PCE dai han va ngan han duwgc diéu chinh
trong mét quy [Dién giai: Tec dwoc dieu chinh trong vong mét giai doan, giai
doan la bao nhiéu tuy vao dir lieu theo nam, quy, hay thang], do la moét toc
dé dieu chinh cham vé can bang. Moét ly ma téc dé dieu chinh nay thap la vi
mo6 hinh cda chung ta hoi don gian. Néu co san dir lieu can thiét ve 1ai suat,

sy giau c6 cua nguoi tiéu dung, -+, c6 thé chung ta sé thu mot két qua khac.

Dé giup ban doc lam quen véi khai niém déng tich hgp va mdé hinh ECM,

chung ta xem xét thém mot vi du khac.
14.7 Lai suat trai phiéu 3 thang va 6 thang co6 déng tich hop khong?

Hinh 14.2 vé |ai suat trai phi€u kho bac co ky déo han 6n dinh 3 thang va 6
thang cta My tr thang 1/1981 dén thang 1/2010, véi téng 349 quan sat. Xem

dir lieu trong tap tin Table 14.8 trén trang web cda cudn sach.

Vi hai trai phiéu kho bac nay duong nhuv di chuyén song song rat gan nhau,
chung ta c6 thé ky vong chung c6 méi quan hé déng tich hgp, nghia la, co
moét méi quan hé can bang 6n dinh gitra hai chudi sé liéu, mic du ca hai déu
thé hién co xu thé. Bay la diéu da dwoc ky vong tir ly thuyét kinh t& hoc tai
chinh, vi néu hai lai suat khéng déng tich hop, thi nhitng nha dau co chénh
léch gia (arbitrageurs) sé khai thac bat ky chénh léch nao gitra 1&i suat ngan

han va dai han dé kiém loi.
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Nhuwng chung ta hay xem liéu rang dieu dé co6 dung hay khong. Truwéc hét,
chung ta kiém dinh tinh dirng cta tirng chudi. Véi phwong trinh kiém dinh co
hé s& cat, xu thé va ndm bién tré, ta nhan thay rang TB3 la chudi dirng & muc
y nghia khoang 5%. V&i cung cau tric nay, TB6 cing la chubi ding & mac y

nghia khoang 5%. Vi thé&, dwong nhu ca hai chudi thoi gian déu la chudi dirng.
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Hinh 14.2: Lai suat trai phiéu 3 thang va 6 thang.

Bang 14.9: Mé&i quan hé gitra TB3 va TB6.

Dependent Variable: TBG
Method: Least Sguares
Date: 10/12/17 Time: 23:33
Sample: 1981M01 2010MO1
Included observations: 249

Variable Coaefficient Std. Error t-Statistic Prob.
C 0.606465 0.076820 7.894596 0.0000
TB3 0.958401 0.006308 151.9409 0.0000
@TREMND -0.002585 0.000528 -4 8593455 0.0000
@TREND"2 4 43E-06 1.25E-06 3.533231 0.0005
R-squared 0.9958950 Mean dependant var 5.352693
Adjusted R-squared 0.995915 S.D. dependent var 3.075953
S.E. of regression 0.196590 Akaike info criterion -0.403995
Sum squared resid 13.33346 Schwarz criterion =-0.359811
Log likelinood 7T4.49716 Hannan-Quinn criter. -0.386406
F-statistic 28283.37 Durbin-VWatson stat 0.363237
Prob(F-statistic) 0.000000
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Bay gid, ching ta hay xem hai chubi nay co déng tich hop hay khéng. Sau vai

[an thir, chung ta nhan thay hai chudi cé quan hé véi nhau nhu trong Bang

14.9.

Ap dung kiém dinh nghiem don vi cho phan du thu dwoc tir hdi quy nay, ching

ta nhan thay phan duw 1a mét chudi dirng. Dieu nay goi y rang TB6 va TB3 la

déng tich hop, mac du xoay quanh mét xu thé bac hai, vi thé ching ta cé duoc

mo hinh ECM nhu trong Bang 14.10.

Bang 14.10: M6 hinh hiéu chinh sai s6 cho TB6 va TB3.

Dependent Variable: D(TBEE)
Method: Least Squares
Date: 10/12/17 Time: 23:58

Sample (adjusted): 1981M02 2010MO1

Included observations: 348 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
C -0.002203 0.005733  -0.384308 0.7010
D(TB3) 0.877882 0.014735 59.57784 0.0000
S1(-1) -0.199679 0.029234  -6.830361 0.0000
R-squared 0.911494 Mean dependent var -0.040029
Adjusted R-squared 0.910881 S.D. dependent var 0.356230
S.E. of regression 0.106285 Akaike info criterion -1.636796
Sum squared resid 3.897314 Schwarz criterion -1.603588
Log likelihood 287.8026 Hannan-Quinn criter. -1.823575
F-statistic 1776.513 Durbin-Watson stat 1.663899

Prob(F-statistic) 0.000000

Trong hoi quy nay, S1(-1) 1a bién tré mot giai doan cla s6 hang hiéu chinh sai

s6 tir hoéi quy trong Badng 14.9. Vi lai suat TB3 duwéi dang phan tram, & day két

qua cho thay néu lai suat TB 6 thang cao hon lai suat TB 3 thang nhiéu hon

so vai ky vong trong thang trudc, thi trong thang nay [Dién giai: Nghia la thoi

diém t] no sé bj gidam xuéng khoang 20% diém phan tram (percentage point)

dé phuc hdi mai quan hé can bang gitra hai 1ai suat®.

9 Xem bat ky gido trinh nao vé tién té va ngdn hang va nghién cru thuat ngit cau truc I3i suat.



Tu hoi quy dong tich hgp duoc cho trong Bang 14.9, chiung ta thay rang sau
khi dwa bién xu thé& tat dinh vao moé hinh, néu lai suat TB 3 thang tang mét
diém phan tram, thi lai suat TB 6 thang tang khoang 0.95 diém phan tram —
mot méi quan hé rat gan gitra hai lai suat. Tir Bang 14.10, chung ta quan sat
thay rang trong ngan han thay déi mot diém phan tram trong lai suat TB 3
thang sé dan dén trung binh thay déi 0.88 diém phan tram trong lai suat TB
6 thang, diéu nay cho thay hai lai suat nay di chuyén cung nhau nhanh nhv

thé nao.

Mot cau hdi: tai sao khong can hdi quy lai suat TB 3 thang theo lai suat TB 6
thang? Né&u hai chubdi la dong tich hgp, va néu c& mau lén, thi chudi nao la
bién phu thuéc khdng thanh van dé. Ban hay thi héi quy lai suat TB 3 thang
theo lai suat TB 6 thang va xem diéu gi xay ra. Van dé sé khac néu chung ta

nghién cu nhiéu hon hai chuéi thei gian.
Mét sé han ché caa phuwong phap Engle-Granger

Diédu quan trong la phai chi ra mét vai han ché trong phuong phap EG. Tha
nhat, né€u ban co nhiéu hon ba bién, cd thé co nhiéu hon mét méi quan hé
déng tich hop. Tha tuc hai budc theo phuwong phap EG khong cho phép wéc
lwgng nhiéu hon mét héi quy déng tich hgp. Can lvu y & day la néu chung ta
x¢ ly n bién, co thé c6 t6i da (n — 1) moi quan hé déng tich hop. Dé tim ra sé
quan hé dong tich hgp do, chung ta sé phai sir dung cac phuong phap dugc
phat trién bdi Johansen. Nhung chung ta sé khong thio luan phuong phéap

luan cta Johansen b&i vi n6 ngoai pham vi cda cudn sach nay'°.

Mot van dé khac véi kiém dinh EG |a trat tw trong do cac bién dwa vao héi quy
dong tich hop. Khi ching ta cé nhiéu hon hai bién, lam thé& nao dé chung ta
quyét dinh bién nao la bién phu thuéc va nhirng bién nao la bién giai thich?

Vi du, néu chung ta co ba bién Y, X va Z va gia sir chung ta hai quy Y theo X

10 pé biét chi tiét, ban c6 thé tim trong S. Johansen, Statistical analysis of cointegrating vectors, Journal of
Economic Dynamics and Control, vol. 12, 1988, pp. 231-54. Day |a mot tai liéu tham khao nang cao.
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va Z va thay co quan hé deng tich hgp. Nhung khong dadm bao rang néu chung

ta hoéi quy X theo Y va Z thi chung ta cling sé thay co6 quan hé déng tich hop.

Mot van dé khac véi phuong phéap luan cta EG trong viéc xt&r ly nhigu chubi
thei gian [a ching ta khong chi phai xem xét viéc di tim ra nhiéu hon mot méi
quan hé déng tich hgp, ma chung ta con giai quyét sé hang hiéu chinh sai sé
cho méi quan hé dong tich hop. Vi vay, m6 hinh hiéu chinh sai s6 don gian
hodc hai bién sé khong thyc hién dugc. Chung ta phai xem xét mé hinh goi la
vector hiéu chinh sai sé (VECM), mé hinh nay sé dugc thao luan ngin gon

& Chuong 16.

T4at ca cac van dé nay c6 thé duoc giai quyét néu chung ta sir dung phuong
phap luan cda Johansen. Nhung mét thao luan xa hon vé phuong phap nay

clng ngoai pham vi cda cudn sach nay.
14.8 Tom tat va két luan

Trong chwong nay, truéc hét ching ta xem xét hién twong héi quy gid mao.
Hién tuwgng nay xay ra néu chung ta hai quy moét chudi khong diwng véi mot

chudi khong ding khac.

Sau khi trich dan vai vi du vé hdi quy gid mao, ching ta thuc hién mot nghién
cirtu md phéng Monte Carlo bang cach tao ra hai chudi buéc ngdu nhién (1),
hodc khong dirng. Khi ching ta hdi quy mét chudi nay véi mot chudi khac,
chung ta co dwgc moét méi quan hé co y nghia théong ké gitra hai bién, nhung
ching ta biét trwéc rang khong nén co bat ky mai quan hé nao gitra hai chubi

khi chung ta bat dau thyc hién viec mo phong.

Mot trwong hop duy nhat ma & dé hsi quy gitta mot chudi khong dieng theo
mot chudi khong dirng khac khong dan dén hai quy gid mao. Day la truong
hop dong tich hgp. N&u hai chudi thoi gian c6 xu thé ngiu nhién (t&c chung
|4 cac chudi khong ding), mét hoi quy cta mét bién nay theo bién khac co

thé triet tiéu cac xu thé ngau nhién cha trong cac chudi dir lieu, diéu nay cho
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chung ta biét rang c6 moét méi quan hé can bang hodc dai han gira chuing,

mac du khi tach riéng |& chung la cac chudi khong dirng.

Chung ta thao luan cac kiém dinh déng tich hop, la cac bién thé cia cac kiém
dinh DF va ADF va dugc biét vai tén goi khac la cac kiém dinh Engle-Granger
(EG), va Engle-Granger ma rong (AEG).

Chung ta minh hoa déng tich hop qua hai vi du. Trong vi du th& nhat, chung
ta xem xét méi quan hé gitra chi tiéu cho tiéu dung ca nhan (PCE) va thu
nhap kha dung cé nhan (PDI), ca hai dwoc thé hién bang gia trj thuc (tec da
kher lam phat). Ching ta thay rang tirng bién trong hai chudi kinh t& nay la
chudi dirng xoay quanh mot xu thé tat dinh. Ching ta cling chi ra réng hai

chudi co méi quan hé deng tich hop.

Nhé& rang nghiém don vj va tinh khong dirng khong phai 1a hai tir déng nghia.
Mot quy trinh ngau nhién véi moét xu thé tat dinh la khong dieng nhung khong

c6 nghiém don vi.

Vi du th& hai chung ta thao luan trong chwong nay lién quan dén méi quan hé
gitra lai suat trai phiéu kho bac 3 thang va 6 thang cda My. S&r dung dir liéu
theo thang twr thang 1/1981 dén thang 1/2010 chung ta thay hai chudi nay
dirng quanh mét xu thé bac hai. Chung ta ciing thay hai chudi 1ai suat cé maoi

quan hé déng tich hgp, nghia |a, cdé mét méi quan hé dai han gitra chung.

Trong chwong nay, chung ta ciing thao ludn moét sé han ché cia phuong phap
luan EG va lwu y rang mot khi xem xét nhiéu hon hai chudi thei gian, thi ching
ta sé phai s dung phuong phap luan cua Johansen dé kiém dinh cac méi

quan hé dong tich hop gitra nhiéu bién véi nhau./.
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