© Broi, (@t B4V K Stata M) BAE, SEAR, 2014 4, mEHE HR.

FIE  HANE SEPEA-

1 RAR A 1 7E (model specification) A~ 2, W AR mIAFEA 2.
MEIRZE . RBEAAZSE, oI “RERE" (specification
error)..

A S WA ReFAE R, N2 EARLR . X Rl 45 R iR
KA AR di 48 =5



Finite-sample properties 2. The variance of the estimator
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. The variance of the estimator

@ Under the same assumptions for unbiasedness (assumptions 1-3), plus
Assumption 4, the spherical variance assumption, we can write

| K
Var(b|X) = o2(X'X)0 N[ ] 6)
N e— %
@ A simplified example can shed more light onto this expre <.'~n Ih

Consider the case of simple regression, where the regressors are only
the constant term and a single explanatory variable z.
@ The lower right element of o2(X'X 1) is v
2 2

4= Po*(’ Kede vax( b|X —_—— = (7)
n AZE
° Th|s tells us that the sample variance of b will be low (so that £ will
be more precisely estimated) if:
o 02 is low (the error term has low variance)
e n is high (more observations)
e or x has high variance

Bo Zhao (School of Finance, NKU) 9 /43



Finite-sample properties 2. The variance of the estimator
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@ The general case with K variables.

e Call & the column vector in X corresponding to the kth variable, and
X (1) the n x (K1) data matrix consisting of the remaining variables.

@ Then write out X’X as the partitioned matrix
/ / / —,
T d nxkq w0 TR
@ Note that since we can order the variables however we like, there is no

problem with putting xj into the last column.

Bo Zhao (School of Finance, NKU) 10 / 43



Finite-sample properties 2. The variance of the estimator
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@ Then,by the formula for a partitioned inverse from linear algebra
n Greene's text provides more details), the lower right block of
o?(X'X)~! (which is a scalar in this example) is

2 (7 ! ! . ¢ -
o (:Bk:ck — X (k) (X (1) X (k) X(k)]w’“) )
— o* (affor — @k Pyzi) (10)
where P(k) = X(kz) (sz)X(’%‘))_Ing) (11)
= 0'2(ml M(kwmk)_l (12)
— e NN~
where M(k) =1I, - P(k)- xh ﬁ:-x{\g) hz&; .
@ Therefore
Var (b X)) = o (2} M) Myai) ™ (14)

Bo Zhao (School of Finance, NKU) 11 / 43



Finite-sample properties 2. The variance of the estimator
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o Note that the vector M, xy is the vector of residuals obtained by
regressing xx on the other x variables.

@ Therefore, in sample form,

2
o
Var(bg| X) = ST o — ) (15)
= Y e

where ;1 is the fitted value of x;; from a regression of z; on the
other x variables.

@ This formula reduces to the special case described earlier because
when “the other variables” is a constant, the fitted value of x;; is
simply its sample mean.

Bo Zhao (School of Finance, NKU) 12 / 43



Finite-sample properties 2. The variance of the estimator
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@ When “the other variables” include a constant term, we can use the
R? decomposition to simplify the expression further

° RememberﬁSI_\: SSE + SSR
@ Or in this context,

D (k= 2)® =) (@i — @)+ D _(wik — &a)”  (16)
=1 — i=1 =L~

@ Therefore, we can rewrite the previous formula as

b X 0_2 0_2 02 )
Var(b| X) D ST -556 &L (17)
——

@ or )
o
18
TR (I 335 e f2 Xy (19)
2 . . Mﬂ.’./:ﬂ a
where R is the R-squared frorp{egressmg xy, on the other @ R .
variables. Vo (%)

Bo Zhao (School of Finance, NKU) 13 / 43



Finite-sample properties 2. The variance of the estimator

@ Again, this formula simplifies to the one for the simple regression case
because when there are no other z variables in the model (except for
the constant term), R2 = 0.

@ What insights do we gain from this formula?

@ The previous findings still apply (that is variance of by is low when
the variance of zy is high, when n is high, and when o2 is low).

@ The new insight is, when zy, is highly correlated with the other x
variables (that is, R2 is high), the variance of by, is also high.

@ Put another way, it is difficult to estimate by, precisely when xy is
highly correlated with the other x variables.

@ In an extreme case, when x;. is an exact linear function of the other z
variables (that is, when R2 = 1), the sampling variance is infinite and
b, cannot be estimated at all.

Bo Zhao (School of Finance, NKU) 14 / 43
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=

01 BIRZTR | ¥ H%

R L SE IR O

Yi = X B+ X B + &
e——

Horb, x0T LR IR, HSHENHe A%, bR i
4 (estimated model) 4

IR AE &= (omitted variables)x,3,, #ANFTLBNTU, = X, B, + €



LT R
(1) Cov(xy, %) =0-

OLS —#. BEIFZEX,LL AP H, FIEERE KIS I
T, semflvH R .

(2) Cov(Xi,X,)#0

OLS A—#, HimZEN “HiFAEMZ" (omitted variable bias).
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fiR U IR A BRI 22 (4 7V T A b q S an cer
(i) M R]RE 2 14522 & (control variable);

(i) fFH “fCHEATE" (proxy variable);

(ii) THEAEECE 10 &); }

(iv) 5 FH AR 2 (56 15-17 &);

(v) BENLSCH 5 RS (4 18 ).



FA)F TR Rlge AW . BUNEE B, BRAE
A SRR EMR, BUHRMERSS.

B Z=EAE(012)iE Bl B R HE, HEFT “ B A7 R
WA= Fr e 4 s T AR E AN

BT AT R &, 2 OCHS TR AT REZ (AR &,
e TR WA L SCBRIRON . ACBEEAS . R S, R
FAGL SCEEL SERR. AT ARERSEI &), A ER
HRUEPEE
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WG, WM, i, (AR AT, T
BR(IQURAE N AR RS R

AR AR FE AR B iﬁ%/@u?ﬁﬁ/\ A
1) Zxt i(r-d%janzg/)

R AR PR AR s AN 38 3o 52 i) it s A &= T AE A T 3 R AR & Hﬁl‘lﬂ,
“ER ACEEXT “BE1” BIVER Sk TR IRON . RUTHE “BE
PIEE, I\ “RRE” B R0,

2) Tl RIS
() AN M %ifZF‘g_la;/r V/ C/U'U(q(k 'U)._

o
Bt A8 P AN ANEL A B W KRR A 00 S5 I R B A v k. J/
<
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el WR BRI R, AR AR s Re RS — 2l
WERR: R B SR
=00+ X+ + X +ra+ €

Hrp, g AARDIN ) eteAE . € Cov(x,€)=0,vk, 1H g
HREMBEAEx MHKA<m<K), BlCov(x_,q) =0, i OLS ~—FL.

BRI R 2, L

LJ-H‘EM" Pr:jf,dﬁiw
4=0 +az+v, Cov(z,v)=0] /

R — DR (ERME), RBEARE 2 Rl g Xy RAEEH,

7
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HAERIATECLEE q KRN, 25y Bshiie AER, ]
Cov(z,&) =0,

WRPEZE AN, q MEEiIiv 5T a T e A, B
Cov(x,,V) =0, Vk. ¥ q FFRIE LN B T 15

A
Y= (B +70) + BXy +--+ B X + 70,2 ‘*

AU, HIEN I (v + &) 5 T R AZ B3 AR R,

Cov(X,,yV+¢) = ;/Cov(xk v)+Cov(xk g) 0+0=0 (VKk)

condition 2 assumptlon
Cov(z,yv +¢&)= yCov(z v) + Cov(z,g) =0+0=0
mmrmn ‘ condition 1 F =) 3‘7 —)

H OLS —F4, ﬁn%ﬁ@i%ﬁ‘ LI Vﬁ/\,ﬂtl% ) A== gﬁzo
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AR SEUEAE S0 LF- i e AR TR A
WML, AT AR AL B I T 00 T 38 S bt I 22 B I 22

902 F % & #

i i L SEAR R R
Y, =X B+ &

Hrr, Cov(x,,&)=0. TIEFREHIFRA N

Y, = X By + Xio B +@
~ -0

W
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HFESLZH B, =0, HAPREARISNY, = X8 +X,5, +&
HT x5y LK, Hix,tB5yBRPsbie Lk, BlCov(x,, &)=0,

i OLS —%, Elplimg, =4, plimB,=4,=0.

N—o0 N—0o0

(HEINERTEE, iR E—REtA,

—
Vﬁ,it

“H/NEK” (specific to general) AT X, 1 56 M B a7 B A 70N
AR Gh, RWIE N =,

10

9.3 ERENL: “"H/NEIKT &R “HAREIN
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(B MERR P REfFER R E, SEULITTEA S t . F
R IR AR R R, AR MR 2 iz AT U AR 5

“HK3|/N” (general to specific) ] EAR /7 ks AN 7T BE R AR 1Y

T, WG A AR, 1505 IR % A i
oV W B EEL S LB, (e R R, (H
BRI L, R R S R i

ST, R AL S 09T # 07  1f

REFIE B Prnpi#olf=2) o False Pontve, T

1] b~ PGrn §-=0! pro), False Neg 1
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04 WELRNMSINER i, 44

N 2 AR ml 32 e B AR A ), (LA AP A A ) g o 1
(parsimony) . R bR

(1) BIEW R RER: A%ﬁﬁﬁzaﬁﬁ/\é& K Pl RAER?.

(2) “RitfE EEN” (Akaike Information Criterion, fiic AIC):
WERER =N K, E1FLUT H sk Hum /M
mKin AIC =In(e’e/n) --%K

V%M(m—[ 2 gAY DI

12
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AT IS — WO BT 5 FE I 22 (D e 2= >F- D5 A, 2 —T0N
X R AR Bl 22 [ A3 (R A B K I R 2R)

MK BT, ST R R I BT

(3)“ DU 35 BN 7 (Bayesian Information Criterion, f&jic. BIC)
Y, “Jiti Lok (S S MEN] 7 (Schwarz Information Criterion, f&jic SIC B
SBIC):

mKin BIC =In(e'e/n)+ In_nK
n

— MR, Inn > 2, i BIC #ENIXT T-fERAR &) 2 IS bk AIC
T o BIC YHE D) B aeg R A 28 f T vl 1k

13



(4) “E - A5 SN ” (Hannan-Quinn Information Criterion,
f&iic HQIC):

In[In(n)] <

mKin HQIC =In(e'e/n)+
n

R I SRR o, TR i 15
Hotin, AR(p)HZE:

Yi ::80+181yt—1+"'+:8th—p"'gt’ t=1---T

¥ BIC B HQIC THE prg pB—3Udth, BIHT — ool
Pr(p<p)—>0, Pr(p=p)—>1, Pr(p>p)—0,

14



R AIC ItREBpA—Z, ARFEAFIREMSp, BA
Pr(p< p)—0, {HPr(p>p)—c>0,

fEsEEe, % AIC 5 BIC.

B8 BIC —Z0m AIC A—2, (HISEFEAFR, 1M BIC N AT
Fe SRR /N, H AIC HENIAK SRS

9.5 NWRRZUEAHIRL

GRAR B 7 AR A AFAEARZEYETI, U P S8ON A A 2
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[4]]

2
Y=o+ B+ BoXo + BoXg + X +0X, X5+ €

A B I I PR RN N -

E(y) E(y) E(y)
= [, +2yX,, = [, + 0 X, = [, + OX
8X1 181 VN 6X2 182 3 8X3 ,Bs 2

I BEIA PR RN AR FE L, N5 RE R 5l ARSI

16



“Ramsey’s RESET 4% ” (Regression Equation Specification Error
Test) A BAR R, WPrsEstiwIFZrEml, Wal A& MEm, I

(R 25 14 [l A TR Oy
y=X'f+¢

FEAEME Y =xb. §RXHILIEHE, &M E IR
(&P IE A XIIE R, PSR E =IRIIE R, 5555,

e ACI Sy =F
y=X'B+6,9 +5,Y+5,9 +¢

STH,:6,=6,=05,=01F F K%, nfEdaH,, uiBRNA =R

17



sz H,, AIAE 2,
RESET 46 [1IEk mi A2, TR H I, A RN TE AR5 s MR L 5 IR I

RN CEEARR” (link test). “ER” FRIUE, BT
B 5 R AR B A R R AR A GE B IR

FAT LU B[
y =0, +6,Y+05,9° +error

e “H,:0,=0", WA E LM, Wy ARNXT y AiFR
J1. TNRIELH, 5, =0, NI NEBREF®E, THEMNIEL
P El AR (B 1 R O 2Rk, BN ER) .

18



FEf € AT AR A B BUR U, e N BF BB K

sk FIRTES, ATMNGMEI R, BEE T RESET B Rt
%, B N INAARZAMET

il

9.6 ZHEILM

A REIEHE FE X AN SRR, RIS — R A ] iy HoAt iR AL i
Ve, WIAFLE “ 2 BEIRAE S

VEAL % B LR ERIN, K K AR R x b A O RS
BB, X1, Xeonr - X FIEAT IR, FFAETT e B $0 (0 A R B2

19
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2 EILL M, OLS 152 BLUE, {HAE R OLS fiit&E T =

74 75 5L
0 T 71 S S, B (XX ) B ENTIE, (XX) 54
oy sy TRERT HUETT 2 Var(b | X) = o (XX) AR AU A
I

X o s B i 51 (X X) MR KA1, S8 OLS fhit{a
b K AR KAZA

BHE IR 2, BEAREARIRTRREARTECK. F Ak AR
B, HEADRYH R EE.

IR A&, B AL S e R AU THE R ZEBORAR L (L
n, mEMARBRARES A MRAZENRZ mILEM).

St LK
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AR (B2 MM R A, WA 53 [X 7325 B R RS
RN N ERA 7 RN, WEETIRX T,

I LLUERT, W7 ZRE R EX A2 ERSE K DT RN

2
O

(1~ R)Sy

Var(b, | X)

Hoit, Sy =D (4 — %) Ax B ZF I, R x, 1A Z i
. Wx 58 eAE, S, =0, Nk fhith, .

ESUE k MR s X ) 7 Z K+ (Variance Inflation
Factor, Tic VIF)A

21
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N Var(b, | X) = VIR (0% /8« VIFK, 2 B3 L 1 i) k™ =
Z0 3N max{VIE, ---, VIF, }/AN#E 3 10
RhPR % LR T

(1) RARC AR B R, R IO A7 R B TR e
G AN 2 B . 2 LA I I T S R e AR
FLAN AR S DR A T AN, (AT AL S B AAR RN AT TR A -

(2) BRI HART B 3 R, H 2 BRI IR AN I o 0038

22



BRI AN, WAl ARHE . AEES T EZ KRB R, X
REMORL 2 IR 2 BN, Rafni#.

(3) n5£ E LR ML B o O AR B i B 2B, U B R
ARE, JIESECEILLENTE, SRR EHITIES
9.7 % um W IE

0 S AR T D BOW IS 25Ok 2 BOW B R i, T] BEX
OLS WElIHRE = AR K52, oAy “HRumMI{E” (outliers or

Influential data).

23
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Win Sori Zoati g 7/7?70 P €77b ()Lj :

5,[70 J :|L

brimeng £ K B

9.1 M WLINMEL X [B] U AR A 2
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S50 SIS G [T R B “ s 7 7 B ATATAE 7 (leverage)
ALE R MEP = X(XX) X' BIEE | DNEX AL ILR R E R

lev, = x/(XX)™*x

FITA L0 Ee 3 520 7 e, i A2 -

((\i)/o_; lev, <1, (i

25
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&7641;13 ’
EbW oy s 8 T AL EE 5 ) OLS fdiTHE, 7T LAIER:

/
lev, K U (b — b©) iy 25 LA

15 lev, HFH(E (K /n) B4R 2, T Aot U R0 A A

26



AR ] Ak BEAR i LI
B, WA T A A AT k-5 B0 UL

HO, MmN ER MEE T B s E, BAEeGHS
W FCPREETC IR HIRFIR I R TR, 0 R AT DI 5 0K g 5048

o, AR “@REA” (full sample) 50 5 im B fa 1
“THEAR” (subsample) ) [ElHZE B, 1kiE B S W .

27
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08 M ZE

X1 8 A 7 (qualitative data) B 73 254 #i ”(categorical data),
FTol N “RBARE”, BIEUEN 0 8¢ 1 A= f  Sex

£ D
L= wm
L %

ot RIS 5 4 ﬂ%)‘(D={O - .
’ |

/

FFEERI RN, WFZEAED A E, |

1, Asia 1, America 1, Europe
1: b D2: b D3:
0, other 0, other 0, other
_ 1, Africa Osio Ainer co.
) 0, other Q 1
. 0 Q
L:A-Sra_zg | 0
0 )
0 0
> :



MDD =D, =D,=D, =0, NI NKEIN.

EAFHBIBEN A, WEEEIR M 2R, w2 Higa M -)1
RE A 5

IMRGIAMA RS, w742 BN, BV RK
XM AN RE SR XS N ) 1 [l S AN, w20 5 A0

XA G PRy “ LA ERERF 7 (dummy variable trap).
Stata <= H iR A" 4% 2 AL ME, MO O A EE,
IR R W, "TUAEM AN B
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R RG] R E, SR A Remle ?
RSN R E 2 5 I ] 41 AR

Y, =a+ X +¢&, t=1950,---,2000

BT 255 nl BefE 1978 e H AL, SINREMAL E:

nJ L Ait=1978
o, A

ZFELL R PRSI
(1) UGN B A A LY

30
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Vi =a+ X +yD, + &

T
AR SR T

o+ px te, £t <1978
N(a+p)+Bx +e, A5 t>1978

N

B NEINAEE, A2 TAEA R U4 AN [B] A e T

31
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|
%

O 1978

Kl 9.2 Xal NEDLERIER
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(2) SIANEMAERE, UEMNRESEEAZER “ Lz)I”

(interaction term):
Y, =a+ X +yD,+ DX + ¢
R T Digf -in- Piff

Ja+px e, #FH1<1978
. (@+7)+ (B + )% + &, #t>1978

SINREMAS & S B =+, A R S AE FH AS R e
RSP R

AERANA I N BT, WA AR R 2

33



v A

|
|
4}

(@+y)+ (F+0)x

O 1978

K 9.3 FINEIAR T S H T B R R
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Bai & Pervon (14¢8)

9.9 ZFEMTIHKRE . (2003)
1. AT

WRAEAE “LERAESN” (structural break), (HAINEZRE, tHE—
He IR DL 2y M 2 A —
PRI 5 8 R 22

B RN H B C ARSI
i v B fa B v [ 22 5 7 IR AE 1978 HE R A 45 AR ) .
BN 1 AT HEN1950 <t <1978, 55 2 NETHHSN1978 <t < 2000,

R R P VA ETRS W el s it TR

35
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yi= X184 &t
y2 = X282 + &
o e ) AR Y, BT AL, RIH,: g = B

B K MR, WH I K A2

ETLIRIITE DT, AL PRSI 397 50 2R 47 [
EA LRV H L) FE DL . PR & 50
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e, yz(;/j x;&] g{j] AT REA S
R,

(B0 H R B (Cg&eﬁgg’éﬁ’ Chow _
B, [EEHEAFEAR1950 <t < 2000, f%‘élﬁﬂ%%?ﬁ%
Hk, BIAS 135 TREALI50 <t <1078, Hiwﬁéﬁﬁ(@

BeJe s A 2 34> FAREAR1978 <t < 2000, 15 2155 221 77 fle:

e'e>ee +eye,, KRINRHEEDFEAR—REIHY “HAL4W OLS”, 1M
WG REA — 53N R TELIHR OLS”, M a3 LA L R Ll e 3 3 %
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W H, Wor, M(e'e—ee, —epe,) Biz LR,
1R (e'e —eje, —epe, ) IR K, W[ TN N H ANRAL, fFAE S5 H AR 5]

BT ARFMIE KA, RLREHR L= N EON 2K,
WORPELIR LU IS R F Sl &0

E— (e’e_ellel_ezez)/K _ F(K, n—2K)j
(€16, +€5€,)/(n—2K) _—

HoAr, n AFEARR 5, KON [R5 R A AR A2 ) B (3 R TN
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Far U6 25 R A SR 1 — i e 2 Bl AR &, FEA e T E e
AR = DL Je H 5 R AR &8 I 2B G & T

AT AR B .
J

V. = a+ B% + 7D, +gt
SRIGREER “H,:y=6=0" It
WA F S E S5 E AN A T S, —FH% .
B EE A

(DA FAEREINAL = EDT?F"%Q, RV RE
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(2) AR ERDT =R M52, AEM TR T EZREBIE.
ERMERTTZNHOR, el A L, R B 7%
A B bR R BT

(3) WIRIMAFAELNIART, AR5 A SR I 3 2 B L 72
FERZINERE, RN EAARAZEER.

2. i) HEAARA

(B A FIE G A AR S BARRT A . Eodn, BVFAREE & 45 HAR
B — € KAAE 1978 4F.

fWM”A. Me'tcr
lfiihn*/\ElEﬂ[ro 7] < [1 ﬁ)(%f#@iﬁ?zﬂa JT it A, TP E),
Hop T OREAZ R, T 1950 BT 1 N

0.1
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HEAER X —F0 t (r, <t <)M F Gttt =, R
JEH R K. Wit EiRoN “ERMUIREE” (Quandt Likelihood
Ratio, i1t QLR), 4Gt &),

S up [~

QLR Fitm AFHMM F oA, AT EUR T 20420

U B (70 1) 5 (7, TS cup Walh,

MR, KT 1, 8o, KEGET T, W QLR Giit- & 1IET T 4347
oA FRASEAS 73 A7 I U ALORE AR 15 AN HERF

Wk, =0.15T, 7, =0.85T (EFHILIT IR, FRN “15%
1514”7 (15% trimming).
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%< 9.1 QLR #Zir=lIGF{EFR(15%1218)

2V KM 10% 5% 1%
1 7.12 8.68 12.16
2 5.00 5.86 7.78
3 4.09 4.71 6.02
4 3.59 4.09 5.12
5 3.26 3.66 4.53
6 3.02 3.37 4.12
7 2.84 3.15 3.82
8 2.69 2.98 3.57
9 2.58 2.84 3.38
10 2.48 2.71 3.23
11 2.40 2.62 3.09
12 2.33 2.54 2.97

42



13 2.27 2.46 2.87
14 2.21 2.40 2.78
15 2.16 2.34 2.71
16 2.12 2.29 2.64
17 2.08 2.25 2.58
18 2.05 2.20 2.53
19 2.01 2.17 2.48
20 1.99 2.13 2.43

ekl kIE: Stock and Watson (2011), p.559, Table 14.6.

IR QLR gttt &=/ Nl FHE, WH52 “ et a)” 1 HEAR 5 .
2, WRIANKNEA T E/RZS), 1 F gt 28 RME A H#i 7
A ot 45 #9725 5 H £ (break date) 7 ) — Bl it
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9.10 BEHRSZRMERE

AR FATEHRITEOL T, N T IRFFFEARARE, ARH “%
VE4E{E " (linear interpolation) 1 77 vE K Ab E G EHE

FRERM BRI CRIX 5%, HERx %8s, W) x G
8] t 2R i E

)2 — Xt—l + Xt+1
t 2
— M, RS x (GEH B TR X N 1 y S, T i i e A
SN (%, Ye) 5 (%L Y,) s Hoxg < x<x Ty X x FILePHE4EE AN
~ Y1

y= noo (X—X%y) + ¥,
X — X
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y (X, 1)

9.5 ZttdifE =K
RAR &= y A fa B R (ELan GDP), WM S B2, - H Iny
BEAT 2R ERAE,  DLEE S w2 o

MR FE VA& y AT R, A 2P F 8 0 2UE In § 75 HX
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