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- SRS S ST AR AR AR AT R

- AR PE E IR AL E R

- WREFFSAFFEIT Y. B LN HA R —

- RN AT ESTIECAEMRE R, A BN E LSS A REXN LS B &5 % R
A I O TR

- IR =EEE A T IR AT

Frisch [jX 28 E LAEAS RAAIE N, FOREFL A I T REA 4 | —2 k. TR
WRLEEFIHAEF AL BORG I RIS 8 R 2 Ar & 5F ). Stock and Watson (2015,
Introduce to Econometrics Updated 3rd) 15 : “I1- 5 457 28 H &5 BLUS FIEFR S T B AR Sk 40
M58 g "B r LAgr ik

(1) FEZFHE, BRI EATAEE TENERN AR, DU T B R IESE ;
(2) MHWESFERR T ERar= AR, DU Z5 B0 R N A Le
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PRI, B, BAELPFERIPIAREIE. A4, XEFHRR A A T FIHERT A 1E
IR DR g i o R il X R T R AT R T .

Haavelmo YR T IRAR PR AT F 2 iesz, K, I esk. it S5MET7E
AT AT T

2Frisch 21T &G F 2 =D FEAIH AL —, /2 Econometrica Z&7 8 AL T4, (A2 1969 455 — J i I
IRGRFE AN AL FI ARG

ST. Haavelmo J2 1989 4F55 WK 22T 4475 -
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JE TS RAERI I E R BROE RS N TR . S5RTT NS TSR, AR ALISR
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B, HEHERAE, FNTRIZIRR S M S SR — P ATl AL, HERTHHESs
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UL L. 6L MLE FIHLMULIAHE T o

SIS EIR AR S SH05E . BPRATHRIE MR BoEs, A iRt iea
HORE - IXFTIE AR T BN "3 (LS). J" ET#E (GMM) o Xt R A TRER 2GR T
%o

TEREIBRL 73— 0 SO Rk . SHESA IR, R YR AR R A oy — P
WA EATZ BB XAIAET, BT ARG HERT, 12 AL S Z s B VT S Ry U7 2k
B2 REZMIT RPN EETE.

1.3 =L F S

B HETHR E S PSR SR BORERAEAR . BNTe—RAIHIANGER, Blnsish
NS 2GR i TR GDP 45

SRR DR A R RN — R EE N R E. TR EE N, FRATFRA
URIIYIER

LRI x, y RIS 2 RN MMME . THREsrah, BE A y kR 2/H
g, 1M xflz AR R AT RE. SBNNGFREIOR, filny: [ A NG 78
FoR, Pl x. g,

X1
x2
X3
x=| . (1.1)

Xk

IR S 7 8F X SR AR
AR CARMERH] j B E T RN FASEFORMNME, B0y, x; fzo BB41, AR
A MR t YA ORI TR S E . AR N (E AT it M we

1 WMIME S (vixinzi)o FEAZ (vixizi)ii=1,n ES

NG TEE B, 0 FFORITRBRIRMSE . AT EE B, 0 o8 REA
[ R R —— T P e R B AR —— il — A R R AR S 805 — R R R
o XHE AR PEG AR IR, BN, ELLE AL 2
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1.4 HdE. BIEssMm 5838 RE

1.4.1 W

HHRAP R R — D EX 5 — MR B, VB A2 7T 5
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M BRI A ERE , SEABRRE ISR H IR Edmk FIE XL @, HE, &35y,
ECE AR, S, EAAMRK, FATARELE— k804l 30% Fisg, 75—l
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M) Flan, FATEEREWCERRI 2 E 5 TR ICREEE, Rit, FATATEAE P22 Fr S
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2.1 #Eag

AT, T EARF @B Sl Ba A R DR S 5eit
. FATEBLE—DIAAREHRI R A TSRS A SRR BE LA T A ) T

>~

2.1.1 A B
2.1.1.1 FEARNES

451 (outcomes) & —PRENLS R EHEFIIBAELE R (results) o a0, BRHE
—INZI RS TRERIE R, TREEZ =, FREEAK, Mg IE W . IXERF RS
IO ZL R (outcomes) , (HE HFHHF L5 (outcomes) x4, T H., 1AL
RHCA B IE T REIE AR o MR LE —Fh 45 (outcome) FEACHAP HHIIREL I LA Bi4n
VRIS VRS SO, BREILAIEER N 20%, g 208, URITEARSES 100 Fe ST
iz, 25 20 e SCEERRF, BNE"T GXMERR T AR RATERN S Lo, @2
PEFR A TEE B ZCAS R AT B EE SR .

A RESE R (outcomes) HEEA BONMAEAZS M. FEARZS A FEERCH M. Flan, “5it
SO R RIS PN REE— o—EE, RTRICA LR AL 0.1 2 IS HLIX AR =S
A — > FE.

BEMLAS B MBS B RENLS B, BN, 0,1,2,3, FIESREHIR 8. TR Lurr v 2 &
KB M B A AS & o

EHBERLAS & MEEE A 2 T A T RERY AR R M R AR RS R (IrA R 2 fI%E T
1), B2 47, cumulative probability distribution it /2 FEH12r &/ N T2 T I —4EE I
MR, R BRI, SN cdf BB RS B, BEHTIIREM 22—
FEALAS &, A VLAY 1 R,

7 2.1: BENLAZ R

R CELIRED
0 1 2 3 4
TR A 0.8 0. 0.06 0.03 0.01

SRR 08 09 096 099 1

— MR E R B R A2 AR 44 (Bernoulli distribution)
T S B ATL AR 1 SR AR A 5 B i R R AT 0L 1S BEAIL AR Gt P ME 3 MR
ZE K%, probability density function SKEAEA . 1AM 52 TR] 9 HE R 25 13 R BUYT IR R ) X I



2.1 HE®

Binomial Distribution, n=100, p=.9

i2

0

Dherity

0.0
1

KR

s L &5 H o5 1

B 2.0: AagE R A SRIRT HIEE R

WIS s X PR Z IR BER o PR L R ] LA 508 podof., BREHEREL, B
BEE.

2.1.1.2 FHEEE

ik

BRI R Y BITER AT E(Y) 30K, py, SRS s BRI BEN LA R A (. R
PSR I ELR Fir A o] REZE RIVINBC-) . BUECh AR K AR .

P, BT R A LR 2 -

EM)=08x0+0.1x1+0.06x2+0.03x3+0.01 x4=0.35 (2.1)

R, NS PLIREI S 0.35 k. FEERENE, EhBalixEE e —
ANEEEL, AT B IS SRR L T 0.35 YO BA TR L. 1Az (1) BT Es R,
Gied R, BENE PP R A2, B ERHIER TR L

k
E(Y)=piyi+paya+ - +peyi = Y pidi (2.2)
i=1

bR ZE AN T %2
BN Y B9J5 22 var(Y) FR, HIFE AR var(Y) = E [(Y - py)?]o
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Probability density
0.15 -

Pr (Commuting time < 15) = 0.20
0121 \
Pr (15 < Commuting time < 20) = 0.58

0.09 |

006l [\

st Pr (Commuting time > 20) = 0.22

0.03
0.03 058

0.20

0.00 | I J
10 15 20 25 30 35 40

Commuting time (minutes)

2.2: MERBRERE: SRJET Stock and Watson, 2015, ppl8

b2 T 2RI )T, H oy #oR.
oy =var(Y) = E [(Y = uy)?] Z(yl 1) pi (23)

RN (3), FATHE R EPIREN Ty %ﬂlﬁ/ﬁ?’éﬁ

var(Y) = 0.8%(0-0.35)%+0.1x(1-0.35)%+0.06x(2-0.35)2+0.03x(3-0.35)?+0.01x(4—0.35)% = 0.647
(2.4)

oy = yvar(Y) = V0.647 ~ 0.80 (2.5)

BIE T 2R

(1) Z=a+bY, a, bHZEL, 4 E(Z) = E(a+bY) =a+bE(Y);

(2) var(Z) =var(a+bY) = b*var(Y)

HB /A RHE

SATHVERHERR T MERNTT 2 (BRilEE) b, A BN D EERIRTE R EE—
Mg A 22", AR E—— M AT AR AR . B TT 78 SR B2 AT Y
yii

—BENLAR R Y AT I T AN
E [(Y - uy)*]

4
Oy

S(Y) = (2.6)
T BE LA A
E[(Y - puy)?]

3
Oy

S(Y) = 2.7)
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2.1.2 ZAZEIMG

REHFATEAMHE WA sl 2 A BENA e pOE B, flin, a5 TARRON. 1k
S TN I, BT T 22 A BEALAS R R RSB R A T BB A 2%
PERER A0

BREWER

PSRRI (X, Y) BOBRS R A il P AL AR ot ] P RO E (6, x, »)
IR, HAl LIS K Pr(X = x,Y = y).

il e A

LY HABER AT OOV Y R A — 47, ERN T X H—2H Y
AANY 5 HABAR RS R . WIS R AT Y [IRER A, SE Y
BOEAEEEE R AR A e s X BULAME, Y=y BBER AN

l

Pr(Y=y)=>» Pr(X=x.Y=y) (2.8)
i=1

AR S A
447 X HOTE. BENUAE Y EOBER MBI Y 2% PERER M F700 Pr(Y = X =)
SRS AR
Pr(X=x,Y=y)

Pr(Y =y|X =x) = PrX =) (2.9)

FAEHE
ZE XY B, hFONSE X, Y RUSRIFIME, RE4TE X, Y I I (E.
BRI X=x T, Y RSN

k
EY|X=x)=) yPr(Y =y]|X =x) (2.10)
i=1
BRI
Y A RLGE X T Y AR IAACEY), TR X (R, B3k
W) .
E(Y)=) E(Y|X =x)Pr(X =x) (2.11)
i=1
HATEYL, Y RS E X FET, Y iR
E(Y) = E[E(Y|X)] (2.12)

A (12) AP E X ST Y M RIS, TOAMBMER A RIF X (72005
SFHEEEE]. T (12) BRI

TEERNR, MBLE X ZET Y RN 0, T4, Y MMMy 0. JE:
E(Y|X)=0,E(Y) = E[0] =0, jF¥.,
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ST EET X B Y WM ZREAE X AT Y BRI T Z. AN
k

var(Y|X =x) =Y [yi— E(Y|X =x)]*Pr(Y = yi|X = x) (2.13)
i=1
MEASLP D FEALAS e XY, QRS — PR R AE ST, Refs o —
MEENVAR R IE, 84, FRX, Y MS2o A, sE AN, UG, IR E X BT
Y WA AET Y Bhbra A, IB4 XY MBS, R TRAR xy, W

Pr(Y=y|X=x)=PrY =y (2.14)

M2, XFY FHEAS
A (14) RARF (9) th, B2 XY MSZA) A — D Em ot
Pr(X=x,Y=y)=Pr(X=x)Pr(Y =y) (2.15)
LR, PSP d A IS A2 AT TR bR A 2 FR
P T ZEAIAE R Wi O 22 0 B2 W A B B AS e PR R A — PhE bR Il a2 . IR,
A, A MEBOR, BERIFRATM SO A RE . XY i 22 X S HAE ZREL
Y HSHMEZZIIE, H cov(X,Y) For. Boana3oh

k1

cov(X,Y) = oxy = E[(X =) (Y —uy)] = Y Y (xj = px) (i — ) Pr(X = x;,¥ = yi) (2.16)
=1 j=1

R BELAS R RT [R1A2 80, A4, W5 22808 AR BT TAAAE , BT 220 s n
AR EAS, W20 0.

MU ZER A X HURAIIRLAY RYBRAL, (AL, W7 ZE RO BUERE AREAR . DN T A ok
LTI, SRR XY Z AR E AR AR FE R AR R R B, I 22 BR A
PR TR

cov(X,Y)  oxy

Vvar(X)var(Y)  oxoy

L corr(X,Y) =0, it X MY AHK. HIXREEZLT-1 01 Z[H,
WER Y WA EEAME T X, IBa, XY AHK.

TEALENZ, Sy, —@EAMRs EAMEK, A —EM7,
IIATRFAE R R -

(1) E(X+Y)=E(X)+E(Y) = pux +uy

(2) var(X+Y) =var(X)+var(Y) +2cov(X,Y) = )2( + 0')% +20xy

(3) E(X?) =03+

(4) E(XY) = oxy + puxpy

corr(X,Y) = (2.17)

2.1.3 ¥R
e aPr AR HIORER R IES M K72 A0 t Al F 234

10



2.1 MAE®

2.1.3.1 IES5Hh
IEZASI AT SR AL A PR R, A 3 s

95%

|
I | |
u —1.960 i n +1960 Y

2.3: IEASHERBRE RS SRIRT Stock and Watson, 2015, pp36

Bofe S —MESEREPLA R x FOBER 5L RN

1 __1
flx) = e 207 (x; — p)? (2.18)
202

WG EASO, HY¥E R . HZEN o2

M gz e AT LAE, ESS M AWANSEL BME p, 072 o, FIL, EAS UL
FONA N(p, 02)o A, p AT AR EES 5L (scale parameter) , o FRATEARZSEL (shape
parameter). (V7 RUESERITERSEAE ST T DSGE I DU i fh & 2l K
FEGEAIXLELFRAIAT ) it o7 LAE SR IES G, RIEN 0, &R 1 WIESH
N(0,1), EHH Z F£r. MEESHREMMITRARES A FEER ©, Pr(Z <c)=®(c).
PRI BB BTN 4 FR o

MIE 3 FIE 4 HFrT VG R, IS B RAEEME 1 AXFRIT . B 3 HR T LAE H
WEALAS VAR MBI I +20 X Ja] N B EE A 0.95,

WAERGTE N 112 §545 T BMERN T ZE001E o 1X 8 P 25t i) DARR A A B AL AR ) v 4
o B x; RIESHNA I, IRAEIZIEE y 2 EAS . B IEASRLAS L&
HAIR N IEL

WS x; 2y [F oA Gid) 1 IESENAS G, A4

2
— o
Xi N(pe, —) (2.19)

ARAT — A IEZSBEALAL B30 T DA i Ltk A8 et plibr e IE S BEALAR B o 3X— 1 RRAR N
AL o SX AN R EMET ZE M IR AT R BER TR 17 (. AR B AL 2 R
FRERIIE, RIRBRLREE

Bl R Y N(1,4), >R Pr(Y <2)




2.1 B

0.50

0.435 |

0.40

0.35

0,30

A
A

0.25

‘l:)(

2.4: FRIEIESO A ERE: RIET Brown, 2010

= -1
Y <2HMT (-1 <52-1)

Pr(Y <2)=Pr[3(Y-1) < 1] =Pr(Z < 3)=®(0.5) = 0.691

®(0.5) = 0.691 AJ LA I SR A ]

N, BAPRER, AT AR A AT IE A e
(1) &4, bRtk

Z — )_C_,ux — X _ Mx
o3 o i

(2) Z {y¥1E
EZ:j’l—\/”L:\/”L_jL:O
(3) Z )%

Var(Z) = E(F% - 2= = E[ 5T - )] = 5% =1

9x 9x

AT 2 BT SOUR Y2 B AL BSR4, T L
LR, AAREARBEE HAEAMATHI IR, R EE R T IR RS A, e H Ok R
i

2.1.32 BH4T

I AR m BRI IEASBE L BT RO 3 P TR s S k. e,
m Y . B, Z1.70,75 BAREIEABENA R, T2, 22+ 22+ Z2 R H dE
3. — N E N m R AR xhe R R AR E R



2.1 MAE®

R BB 21,220,253, - Zy s AR A BEHLREA, ELRM Z; N(0, 1), ABA4,

i (2.20)
i=1
$ap, RIS
X2 MR B R R |
o S 221
fX (-x) 2%F(%)x e x> ( )

Hep, T(x) 2. MBREE— MR ES AR & i N (e, 07), #06

n
Xi— M
> (=" x (222)
i=1
RIS fros e
0.50
0.45 {1
!
0.40 by — o4r
| — 4,
o35 | sy BEE
" --- 8 df
p30F |

f(x)

2.5: R RE: SKIRT Brown, 2010

2.1.3.3 t 431
tA3A, WFRSAAE ¢ T B AR A S B m R AT % LA m I T R
F tm 278
S B Zi N0, 1Y x2, HZFY fHEHS., A4,
i (2.23)

Im

=

Hrb, moy e ATHGE .t A ROBER S BN 6 B



2.1 MAE®

0.40 | — 1 4df. e
= Fod.f, PR
Pt
035 | - 2 F’r‘ Ny
= =10 dt 2 \\
W A

f(x)

2.6: t 53040 REG SRIET Brown, 2010

to A PR SR, SRUT IS A (2 B RN (20 BEE/N) . 2 I AR AT,
WAL t AT LIRS AT P S H R TEHT 30 I, t AT LA AT, 1 feo 5
M FIEZS M o

2.1.34 F 3fi

H A mon () F A UE— A B B m R BENIAS IR DL m e B B n R
SESL: R Y x2. W X2, Y FIW M E S, B4,
Y/m

Ay 2.24
Win ™ ( )

Hrb, m, n 2 F ARy HE B,
TER: (1) IR x AN e 340, 2% IR F 4340 (2) 453 BH10 H i EEIRTCH I, L Freo

F oAy A 7 s o

2.1.4 BEPLI0AFE S RAEAT D

2.1.4.1 BEHLAAE AR

AL N — SRR A BE LRI — A XA ARy T AR A (E (W 1.3.1
) ARG AR . B4, ] AR HEA R AT —— b A

o B BE AL A A5 AUEAR N A B AL A n A BN A, (54 ] RERI AL
AR AR R B — PRt T =2

'F g0 e MR ZE T4 52 Sir Ronald A. Fisher 447 44




2.1 MAE®

0.9 R
i
]
0B\ —— 52 df.
i —- B4 df.
0.7k % o 48 df

oo
f(x)

2.7: F 1 An s SRIET Brown, 2010

KA Y1, Yo, - Yy @ SRR BRI EL, BRI, — D REAR Y B RS AR ], &R
HEMERY WA E . 5 Y AHEERDEREER AR, FRATFR Y1, Y, - Y, ARG

TERIEEBENAMAE T, O Y1 BEIFARER Y2 $#24HMEME R i, 25E Y1 K0T,
Y2 (AR AT S Y2 [ bR A A o 2 vd, ERERBEYUMEE T, Y1 19910
WAL T Y2 B30 M Y1, Yo, - Yy SR A TR, SOMSZ AR, FRATRR AL R 41
(i.i.d),

MR Y1, Yo, - Y, B EY =, Var(Y) =02 EXLS =Y +Ya+---+Y, HFE
KA. A4,

ES=E(Y+Y,+---+Y,) =EY{+EY>,+---+ EY,, = nu (2.25)

Var(S) =E(S—ES*=EY+Yy +---+Y, —nu)* = E[Y_ (¥; - p) = no” (2.26)
i=1

S SURAHIE N Y = 25, R4
S 1 1

EY=E==—-ES=-nu=u (2.27)
n n n

2
Var(Y) =E(Y - p)* = E(% —u)? = fracln®E(S — nu)® = % (2.28)

2.1.4.2 RAEAEAN
HRT, AP R 2 A AR AL .



2 It F ARk

53 SRR PR S A o

SRR F AR SR T RS . IR T A T A RE A IR o RE 53 1 K R AU
(LB PR A A A —— WU R A6 n A1 TIC55 . Rk ok i 1

TR BIMREAR UG 30 A WIIME, SR ARE R e BN 2R g v W 3 i
BIE BT G, WU 8 B R S A B L — I Lo

S RE AR, AR S s KR AT AR PR E L

RGBSR ARBR AR, Y AREIEREAE T o

PR R B S R A R A, AR A 240 (R F bR A ””’ﬁM%MEK
537 o

I, S0 TE A A AT Y B9 o SRS A MR 7R i1k o

2.1.5 /phah

1. The probabilities with which a random variable takes on different values are summarized by the
cumulative distribution function, the probability distribution function (for discrete random variables),
and the probability density function (for continuous random variables).

2. The expected value of a random variable Y (also called its mean, mY),denoted E(Y), is
its probability-weighted average value. The variance of Y is 0' = E[(Y — uy)?], and the standard
deviation of Y is the square root of its variance.

3. The joint probabilities for two random variables X and Y are summarized by their joint
probability distribution. The conditional probability distribution of Y given X = X is the probability
distribution of Y, conditional on X taking on the value x.

4. A normally distributed random variable has the bell-shaped probability density in Figure 4.
To calculate a probability associated with a normal random variable, first standardize the variable and
then use the standard normal cumulative distribution.

5. Simple random sampling produces n random observations Y, - - - , ¥, that are independently
and identically distributed (i.i.d.).

6. The sample average, Y, varies from one randomly chosen sample to the next and thus is a

random variable with a sampling distribution. If Y, --- , Y, are i.i.d., then:

— 2
a. the sampling distribution of ¥ has mean uy and variance o; = %;

b. the law of large numbers says that ¥ converges in probability to sy; and

—Hy)
oy

c. the central limit theorem says that the standardized version of Y, =) has a standard normal

distribution [N(0,1) distribution] when n is large.

16



2.2 Bt F ik

2.2 GEileAmEid

giit o N AR R T REERA I AR W A R — 118 (Stock and Watson, 2015). %t L.
H AR — Lo TR AT R A SR AT RFE

FAT RN, BeEBENHEET. e AHBSGER. (B2, HBTIEARKT, K
IATFTREZL WA 14 N, B SR AR IR Ko EIRATUEHITE SR ATRHIE, B2
I1? Gt L BTSSR SR YA A e B2 —TF, B R P BERLIAE . FRATTH AR
MUBARHRBERIBUEA, S80E . RIS Tk, S5 A BENUREAE BRI W SR A R AE . 31X
FEL AT LS B — N RA T B 1T Bl

HRAP R ST R E8A =M M BRI 5 EE XA AT EE W
KB, = R AR E—E T EE—— I EH— D R EEN . BT
R MR, A ARG IR R T A E. BAE XA H— AR gk
AT RIS AT AR YT R X A o

2.2.1 Akt

FHREMHZ— FEEMUAE , WA EEN LRI REAR Y, - Y, @SN A (Lid) . B
SEARY F5 A, A4, FEARBIEY SRR B SR A 1 R SR py o IXFIREA K EHLFR
NI ERIAG T2,

(R TR AR Y 25 B B A A TR i —— A s A R R T EN N, -, Y,
eSS Y Faofr, A4, Yo WAl SARIER — MG TR DAUEHE, S50 b, uy RIS
HHERZ o A4, FATIUAEIT— b te b s — b S "W JROTAT I, hiepE
PR SRR A B A R A, A2, XA NA R IFGE R — Ml TR RS = Ak
L2+ ng?

BEZR, BATRMAEASE BB AR SR it A4, BaENEREER, A
RS AT RE R SR AT FE s i, ATLASR Y, SR R = RHE: Tofwik. —%
SRR S s G SO = N E SV S T] S B U 7 RN SN a5 X (158 | Y | B

Tetmit  dn iR RS A R PP — M TR, ek, RS E AT RE I,
— AT R AR U B H AR A BB T MR RIE py o WRIERXHEE, B4, AT
PRI T e Te ey RFoR wy BT ) E(dy) Fon e e oA i 4 E. o
R E(dy) = py, Ao, MibE gy BT, K2Rk

—BCME CHREAEARRRT . AR RIRENLAE SIS py ERAFEMERER /N waliE
i,y EANEE py B9 MHB/MX RN R BPR B FEA BRI aGL T 1. BUZ, by 2
py BBl

AR WERVRA PTG TR gy B gy IB2, ARSADMATIESE? IUI, IR Z 1%

Al (estimator) EEFRFEAR— LG liih (estimate) W2 THEAIEUE.




2.2 Bt F ik

BN EMM TR IR Ay IT7 2L gy /N, b 4y H gy ARG,

N, BROPREBFARBEY REWE R T8 = Rk

(1) BEARBEEF SASECEAE LA TER Y = u, FHL, HARBEZTME.

(2) MERBGEN, W 142795, BB, Y DURKMERRAL w, Fi, FEARBI(E
P G

(3) ABE2HIWTY BASARHRE? BHZ—F, RAEMERRE, wy MM REATR
Z, Pl Y, Yo, Yo BATBUEEEH Y E?iﬁﬁtm‘;ﬁ?o BB, 1 5Y SRR T
Yi 520 Var(Y) = o HR3E 1418, YR Lo HEn>2, JBA, Y BRI
Tz, Fik, Y280 E.

25 FRRA, BATHACREAIE Y BRIl 11 (Best Linear Unbiased Eestimator,
BLUE),

WAk, A — AR EE, ISR LI S . BRI T AR SEHE— 1> 58 2 BEL
e, (R A TR A ST REFE AR 5%

2.2.2 fRiKT

ks B A s O AR o BT B st 2 B ok EE RSB S o — MBI —— & B R
B MRFEIABOL, A4, #HEBIERL. FERITT, RIS A SRS T3 —
FrEfE, H Ho o, R

Ho : E(Y) = piy (2.29)

B R FBOEN Hy c E(Y) # pyo, IXFRRBIBEFON M &R, BB
E(Y) BARTHREME, Ea/NT R EE,

Gt S SRR T R AR SRR AN A2 Ho, I8 Hio

Bz, BATARFTRERIE MRIME, HAEA BN REARIME Y A8, B4, Y AR
REMS AT uyoo ¥ 55 uyo ZHINZES, TR ANEEREHFAZET uyo JREEENE) .
B RN SESET pyo FBRENIE) ERTEREIEME Y 5 uyo A%, XPIRE]HE
P, JLPFXAAT, BIFRNTAT PO E— MRk vt e R iz . BUR R Bk R R %
i p {Ho

p {8, WAk B AR A R ARSI T B0 — D BRI MR AE . st 210, p
M, ERBEE. HECEAE U

p —value = Pr(|Y — pyol > [Y*" — py o] (2.30)

Hrp, Y R SRR R A, Pry, BRI EIOMER . bR, p HE
Y WM AR wyo = [V — uyol (ORI N5 p (EGA, MEINEIAG Y™ b5 5k,
TSR p BN, WL FUBE

t il &

SRR XX ARTEI T WIR iy L gy TTZER/N, IR A,y REREA R I EURE E




2.3 Nttt

The p-value is the shaded area
in the graph

I I 1
v it vt
T L T

Y,0
Oy Oy

2.8: p {H: KJET Stock and Watson, 2015, pp74

(2.31)

HFEAMBARAKET, ¢ B9 AT AT AR HE IR 20 A N (0, 1)
RS TPl AL e EE R (1) SB—RER, FEBOVER RS, (2) F K
R, RGOV A 12
URARIESF R )5BS CYED) RIPRAER/KE (Flin, S5%) ., A2, S p (/N 0.05
IS A28 SR o AESERRAR, 5% X AR IE A 00 1Y R RB X A2 +1.96 Z AKX, Bilfal
FLRLN Ay
1! > 1.96, Hy (2.32)

a2, B FEHR TR g2 A 10 1 B K
sepkrh, BB EMACEA: 10%. 5%, 1%. 0.1%.

2.2.3 BIEXIH

ERIIME R 95% B A5 X A pt e BAEA 95% HIMER & NIZ X Ao MFEAFATAR K], 90%.
95%- 99% Xf b 1Y B X R4

90% : py = [Y + 1.64E(Y)]
95% : puy = [Y + 1.96E(Y)]
99% : py = [Y +2.58E(Y)]

=+
+
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2.3 Nttt

2.3 Dm-Higeitistid

DU (T. Bayes, 1702-1763) j& & EE- 5 o b S0 AN HERE H T HES e B RlES
SA RV T2 G £ 00 PR S O A (I e A e = X B S == S

DU 1763 SR 9L E 2R %24 & F“An essay towards solving a problem in the
doctrine of chances". % 3CH M H Y T A SECGEWT 5 Ja kb oy DI g B . DU L

=
P(A)P(B|A)

P(B|A)P(A) + P(B|A€)P(A°)

B LR AXHZE A RIS 1 B 5 + A AR IH G %
KPR Z BLSER T P(A|B) ARME BRI, (H2 P(B|A) 11 P(A) ZMRZ 545, H
DU 2 2] PO EIRA T EAR 2 2R e Al

BAKAT AZ I

(1) W], MK 2009, «DURFHTiHEZ5 A, Ry

(2) Koop, G., Poirier, D. J., Tobias, J. L. (2007). Bayesian econometric methods. Cambridge

P(AIB) = (2.33)

University Press.

(3) Geweke, J. (2005). Contemporary Bayesian econometrics and statistics (Vol. 537). John
Wiley and Sons.

(4) Koop, G., Korobilis, D. (2010). Bayesian multivariate time series methods for empirical

macroeconomics. Foundations and Trends? in Econometrics, 3(4), 267-358.

2.4 Jii
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% 3% —JugikilA

2015 4, BURE S A IRIH BT RAR A R 22 ANEEEERERE S A R A 20 15 2
PR TE R MR AT 4.2

Hag, B =A RSN — A, X (BIETHEER BEZOMAAIES]) R xS 7
—AAE, Y (BRI I B T8 RS2

AR R R X A Y BORE R XRPIHLRRRIE X BB 5E Y
M e N Y BYRMABIEARRD, At U RER AR 1T AT 2 2 H XY AIFEA
HERAL T [FIH LR

3.1 2k Inl B AL T

3.1.1 Lepml A A

U — R /NFEECE R B 1o 2R BEIE A KA 8 T2 A BRI AR AT TAS R O BEZAAe BALAR
TR THEA T A s G, ZEBR RIS R B FFe, AmiEE — s A
Me: —J7HH, ACPHE ERA /NI B T, G/ NEGRUL, R RN 2 R, 22
SCHEZ R L. R, MRURAT: ARG/ IR, ARG R AT A ?

WAt MR G R B HERAA, FInEE B 10 #2524, B4, “2AERIPR
LIRS 2 K AEAT 2402 AV E TEE, Biasssize » RFITRYEHAUALLT R ESTHEL

HpRIAAN
ScoreChange ~ AScore

ﬁClassSize = (31)

ClasssizeChange  AClassSize
Hrr, A FIRBAES T Beiasssize WA HIPEPHEAL 5 EEH 742 IS 5 PR
AL ARARNTIE U FUE TIX Berasssize» BT, 0.5, A, ARATAT LLEHE
T, PRI/, bR ST s, HAREA (1), @EimEEy:
AScore = Bciasssize X AClassSize 3.2)
A2, PERIBORD 10 Z774, WA G te (-0.5) x (=10) = 5. i, &1
PR 10 opd, Willise R ligistdm 5 0o i, 230 (1) &S TP A4 )
GiZ A EH&I R B, PTG E LS K
Score = Bo + Bciasssize X ClassSize 3.3)
AN, RSt EE A (3) MBI A E, S, AR IFE
TG 10 N, PRSI Z . H, REZEESRREEME, FRICRETUHE¥
ETHRIERE Do R, SHKE, FERE, BRI BRI R TR
NN FERSEESR, B PENEREIAR, fTREH IR A XLEHAHTA]
RESECA AN RGUAE, Hib, 23 (3) FFEAER AP AL



3.0 Bk w A it

Bz T BRI, RIREFHEIESRRL, AR RS HAL R 2=, 158 F K
Score = Bo + Bciasssize X ClassSize + OtherFactors (3.4

HHr, OtherFactors BIMALE T 2RI, FZREI I M2 A RSIN R R
X (4) B, FOARNTGE T S ARG, A Rt R Ra g it
OtherFactors Wo %A n DY, V; FoRH 1 DR TS, X 88 i DRI
ENE R4, R (4) mirTLAERIR A

Yi=po+Bi1Xi+u (3.5)

NI (5) FRA—Tm&ERIAEER, Y Fon R g &, X o8 B B iR
Bo Lo+ L1 X FRANBARENELSSAREIETTFE. #iEE Bo FIREE B1 @ MR EIHZ&R 2258,
FRSH #1F B1 ATLARRME N X A2t —Hhr, Y IR AR, !

wi ARZEI, HX WA i DPEPE G SR B 2 i s g A A 2= 5 0 T A
Kz K, REIME SR T X 2N A JGERZE R Y R ZE.

3.1.2 R¥A4 I

FESEBRIEIEH, AT AT RERIE SR A, BIERATTAS T RERTE S AR B Ze b i P> 258
{Ho EZ SR ZHFal AL, BATRT LA BENUM AR A LR A T A SR [RIEE, FRfTdun]
LAFHEGERAG T A T2 R AR S A

WRRFEA 4, FTURLAE - TRER/NSESGHIER, A5 H Ol T EIHRE.
IR — iR s], R AERAENAE R, MR e 2OE B A XS AR
ERMRBEBA RIT A2, BATTE B — N Eme B AR E . Bl 1999
FEINRAERIE 420 422 X RGN BOMBEAE . 56 1 iPbE TORX B AR A0 o

7% 3.0 M 805 I AR LR o0 AR
DAL
FEAR  HMH  FEZE T 10%  50%  95%
RN 420 19.64 1.89 1735 19.72 22.65
Mt % 420  654.16 19.05 630.38 654.45 685.5

HiIEE 1l LIRS, ~PRIEAEITN 19.64 224, bRifEZEN 1.89. H 2 XA B (H
) 654.16, Bzl 19.05. PIAFEARTHURE, 1 1 B, 28U HEORERIAHIC R A
4-0.226,

MRPEHUS B RIARSC R B, BATRER] LU R T X el dm ) B VA% [ A N iRt
BIATIE XS, FATHATE] TR By BT E . AR FRATUN AT I X 52 ME » fei Y
JTrEw R E/N K (OLS) RA&IXLEE .

Vi B . AEC ERAR . A Bo A2 X=0 I Y HUME, bR B EIEZES Y SRS AL HAELTT A, J/if

BRI A ST A L, ARMENIBUE 2548 3L, BIIPEGORAN 0 I, BEZAI-FIRETN Bo mLAAE
SRR T PR, XA R SR R AR AR A LR R B




3.0 Bk w A it

o ¢ *
R e *° o *t . ‘. °
. @ . ®
»
%— .o . :.- .?-.... .:.O ® .
* @ .o‘.‘O& ssfop § ¢
. 'y -.x. ou.‘g:. e® o L
53 - s e »* % .2 ¢
KO | o ° 0 o M * < &
i T el "? r BT oo ’
=_ o o .Q:J-..gs Y ee, .
g_ J . ﬂ..... ° [ ] ™
. . *e o . ‘o.".‘ .'}.3-.'.
s ‘e % '.:o' ot
8— ™ .. % ) . ‘. ¢
o . . % g 0y
e @
[ ] ¢ ™
o
31 . '
15 e 29
FE-ZITH

3.1 AR S 0 EEUR A

(1) OLS fiif& OLS fily P18 s A5l T 19 B A 2 O 40 W RS 4 o T b R U 2
EX ST, TN Y AOIRZE T IS A
3% Bo F11 B1 ISk R Bo T B1 HIM T . B4, 48 i DMUNMERIRZE N Y; — Bo — B1Xie

Wz, RZEFITTHN

> (Y- Bo-BiX)?
i=1

(3.6)

RIEEE TIPS . FFAEME——XT Bo BT B1 SRAEF A (6) FoMb. HILAEIRY
FRBCH Bo 1 B1 HY OLS fliitim. OLS [EIHZHFRAFEA B LB AR T R % 55 1 WENHE

Y 5 HIMEZ 728 R 50
OLS it py 2~ =0y

OLS Til{e A 5k 7=

(residual): @; =Y; — ¥io

= S (X -X)(Y;-Y)
Yoy (X = X)?

=Y -Y;

(2) ABIBATH Statald Sefliif OLS [H]J2k:

Y =698.9-228x X

23

(3.7

(3.8)

(3.9)

(3.10)

(3.11)



3.1 &= B AL

Source 535 df M5 Numrber of obs = 420
F{l, 418 = 22.58

Model 773411004 1 7734.11004 Prob > F = 0.000a0
Reaidual 144315. 484 418 345 252353 B-gsguared = 0.0512
2dj B-sguared = 0.0450

Total 15210%.554 413 363.03005& Boot MSE = 18 .581
testscr Coef. Std. Err. t D>t [95% Conf. Interwvall
str —-2.275%808 .4T798256 -4.78 0.000 -3.22298 -1.336637
_cons 698333 9_467451 73.82 0.000 680.3231 7175428

3.2: stata 552

FAEY BN hat 224 7 DOBIE AT OLS [FUHZRYANE. SRR SR PER
R, PRI BTG

3.1.3 PEJE

FAMEEM T T BRI A SR I ZetE =, ana=t (1) IEANZREFE K ke
[, FRATEBATRERERS, Al T ALtk Bl Lot im0 &R an fy e 2

EHREFET, R? MEHFR#ER (SER) FISEMHE OLS [8] 94 % £ i L4 FL
0 < R? < 1 MEAYE X; RERRR Y 097 R0 L. SER IR Y BSFNNE A £t

(1) R?

RIETONE S 7 =R E L, AlHl

Y, =Y +d; (3.12)

R R? 1932 . B IBEEIE AT LA R 8] 57 5 R s & iR E 7 A (explained sum of

squares, ESS) 5EEFI (Total Sum of Squares, TSS) 2 It.

ESS=> (f;-Y) (3.13)
i=1
TSS =) (Yi-Y)? (3.14)
i=1
2. REIGARH o5
2 _ -
R == (3.15)

BATER LA 4 8%« X ORBEMRF Y B9 2209 HeB, [ERERT LA R Y R? o S REMRRAY

D EFRZE M (sum of squared residuals, SSR), HI SSR=>"", ﬁlz 25 BRI, TSS =
ESS + SSR., {E1,

RP=1-—" (3.16)

TE: —IThIARR R? g2 X A1 Y BIRIDCRE T 7. R® Biken T 1, il X il Y
iy, RIEIEZap G Bty 2Rk,



3.0 Bk w A it

SER
[EIHPRELR (SER) JZFIHIRZARHEZRING THE o R MM EAE (BT U 2R BT A o ORE JEE Y
— il . OLS #eZEH dio 4,

1 n SSR
SER = [82,52 = 72 = 3.17
RS D T G

Hrfr, OLS sRZERIFEAIIME S 0.

Bln, 2 FEEIEEEE, R? = 0.0512, SER(MSE) = 18.581, JXEMA , PEHHEIAT L
RN 0T 2219 5.21%. 1 SER = 18.581 15t B VL IRELAE [B] 5 2B e 40 BT, ikt i) LA
MIE 3 B

660 680 700
| | |

640

620
|

600
|

15 20 25

PR AE

o WESTE
95% ClI

Fitted values

3.3: [HH%

TE: %k, RPN (8 SER RK) AL IR REBEHI BB IR RN R> R
R, BT HRERR XA, AR EEENEZFEPN Y. R/ R F 8K SER
A RESY R MR R R RA 4, BAUDGRIBA R X ekt Y J7 20885

3.1.4 5/ FMIRX

T, FRATEI A ZH— T OLS iy =/ MBRiX.

Bt —: 4 X &, ulSRAEHER 0

XAMBEEDL, ‘R R v B HERES XK, G E X K0T, XERE
B AT BN 00 SZAR SN T EARENHZER0E 25 € X 50 THY Y B 8E. Hizfuz
BEE corr(X,u) =0,

i —: (X, Y;) &AL R 4345

B =: X.Y; AR KA RME
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3.2 Bk fefe BAZ X 4]

BRI P2 1% OLS 5825, MRS X, Y AIEBA M4 0 <
E(X}) < 00,0 < E(Y}) < ooo ki, X AIY e ARG . TTRERORIR: 1. SRR 2,
AR, MRS, AIEE, WERREAE, SMREA TR,

3.2 AR TN ELAE X [H]

S ER MR T — ST RE XA DR G SR A T R
Wit

3.2.1 [ RBOWR A T

A2 N, PSRBT A X B0~ A0 i, SR B2 R
B1=0o NHE, FTNPCRIEIEFRIZEG N 0o i, RO 1 =0 (%) . 85, K
TERAN W SR B 28 R

B, FAIEE—F 3.2 TP R AREE R 5

JFEN Y B AR EE uyo, FTLAE R Ho : E(Y) = py,0, Hy # py oo

iz teie s> =Lk

L Y fbRiER SE(Y);

2. ML CGIbhE, B = S

3. IE p H, BRI sLEE K XOAERIE p BN 20(=|tax]), HH,
tact T EASEIM t Beit i, @ B@RARIREESS .

TESLEEH, SB=200 p HBEF SR FELE . B0, 5% T MK GBI B 2
|tacel > 1.960 RIEVL, SEMRBMELE 5% By B EMACE T B35 5 TRIKE.

RIS B

FHEERAE, AL NwS/NEARER. A% 1 =0, A4, HEIEFIN
RGN

Hy:B1=0vs. HH #0 (3.18)

W2, $iMR Bk =4k
b T B IFRYER SE(B1)o AR o, B0 MEHHE. B

w$n=ﬁ% (3.19)

1 530 (X - X)H?
A2 n-2 i=1 i
o5 ==X p — (3.20)
Ao YL (X=X

Hi,

B R IR

3, -0
t—’Bl

= 3.21
SE(B1) 20
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3.2 Bk fefe BAZ X 4]

=2 TR pME

p —value = Pryy[|B1 — 0| > |B{" - 0[]

:él -0 Bclwt -0 act
=P ~ —|] = Pry,(|t| > |t 3.22
rHO[lSE(ﬁ1)|>|SE(ﬁ1)|] ra(lt] = 1] (3.22)
KA ¢ Gt e UbRHE A A, ALt
p —value = Pr(|Z| > [t*“|) = 2d(—|t*“"]) (3.23)

WS p (EH/INT 5%, REUE, 78 5% 9B E K MR R . 5% 9 23 KX
& 1.96 111l F1HE -

FESLERHR, FRATPIEA 2 03 I B PR S T R g i, ROV ERAN AT &
LB, 0 Stata, FRATTHEEHE SN stata 1, N\ [RIA & AT DAE RS £ Bk =4
HIRMEER, WE 2 s,

P, MIE 2 TG 1, B BURRHEIR Y 048, RBCN-2.28, Fiat=3280=-475.t
Guit ELHER T 1.96, tHEtEfE 5% BEHEACE N4 R . HL, TATTER t 58t
EYXMEIRERT 2.58  (1%) .

3.2.2 B{EXH

MAEABIRFH AR 2 REUWE E. B2, RATREMRE OLS it ftsiE iR — 0
EEAEEE XA .

ZH B 95% BAZX A

1. H 5% EFMEACHFRIAGOR R IE AN GETE 481 — R VIME ;

2. A 95% e S B EAEIIXH]

UFEARBAR K, B1 BY 95% BE{F X RN

(81 - 1.96SE(B1), B1 + 1.96SE(B)] (3.24)

BN, BEGAAR S L B BE ) B 1Y 95% EAE XA [-2.28 £ 1.96 x 0.48] =

[-3.22,—1.34]

3.2.3 BRI

24 MIE, FATHEN H A RO ESRA . WA —REIHE T8 ., R HEwA
E—O0 R Lo Flan, MPEIATNT 20 ARA/NIE, X BUEN 1, HPESRIR T4 T 20
NEHARYE, X BUEN 00 JXFERAE SRR /RS B WEAS BB s &

REAAAS R B EE R, EE T R AL AR ] R A B AR AN A LA

TAER AR TSR BRI T T AN EZES . B D T 081, Bk T HR
K/

1, X<20
D; =
0, X>20
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3.3 STATA #42 (—)

MR [EH TR A
Yi =Bo+B1D; +u; (3.25)

KN D j& —AH, B2, ARERS B BfERER, FIAEIHTEA R —F4 T B4, K
IR Z AT 38R D; We? X4 Dy = 0 I, [R]UH 77 FEAR 1
Y = Bo+u; (3.26)

KN E(uilDy) = 0, firLL E(Y;|D; = 0) = Boo Hglt/@ii, Bo & KPEHIIFH T 15041
FIH, Y Dy =11, [EHTTREEE K
Y; = Bo+ B1+u; (3.27)

Ht, EQGID = 1) = fo+Brs BIR Bo+ By R/NIERS 4153

5 L. (Bo+B1)—Bo = B MUALINIERUAHEES4 B 2 5 JE0TE0L, 1 = ECHID) =
D - EIDy = 0). B B RABIZ HIZE R, BIE, OLS (R4l Y 1T
tft 2.

B RS AR X I A A A

B NI Pk, BB N T 20 FEREBSRD 1, B 0. S
R

Source 55 df M5 Number of obs = 420
Fi{1, 418) = 15.393

Model 5605.54742 1 5605.54742 Prob > F = 0.0001
Residual 146504.046 418 350.488149 RE-sgquared = 0.0363
2dj R-sguared = 0.0345

Total 152109 . 554 41% 363.030058 Boot MSE = 18.721
teatacr Coef_ Std_. Err._ t EB>|t| [95% Conf. Interwvall]
D 7.37241 1.843475 4.00 0.000 3.748774 10.235605

_cons 645 .3788 1.387717 468.38 0.000 647.2511 652.7066

3.4: REAAE [E] 45 IR

3.3 STATA ZFfE (—)

Stata & HAATHIA L. HESEHE statalS, F LA E TS Mwww stata,
com. ARFREITAG A Stata LUK E7R ] IR

ARG Statal4 MP 7. 5 SCETY “stata” BIRR, 37T 5 1SR R )

stata MRS F I3 2R

SEBEE P 4

e LA R R R

e A LR

i E B TR A4

(1) BUEHA
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3.3 STATA #42 (—)

File Edit Data Graphics Statistics User Window Help

EH®|E - R E OO

Review T X Variables TExX
= 1 ® e
Filter nds h . 5§ 3 T Filts Te
%, Filter commands he @ 7 7 7 7 ; %, Fi |
#  Comman d R G i S R G S pyright Narn Label
ta ica/Data Anal, Corp =
Th items i 4305 Lakeway Drive There are no items to
how. P - P Editian College Sta 1 U how.
800-STATA-BC htep: / /. stata.com
979-696-4600  statal Estata.col m
979-696-4601 (fax)
Singl 8-core Stata perpetual 1
Serial number: 10839333
::::::::::: QOEE10699393
s
Notes:
Unicede is supported; see unico
2. Maximum number of varisbles is set to 5000; see hel ma:
Properties T x
N
B Variables ~
Name
Label
Type
Format
Value label
| Cornmand 7| | [Netk
= Data
Filename
Label
Notes

3.5: stata B

50 A SR R b “Data”™—“Data Editor”, 1%63%“Data Editor (Edit) ”, st I M
|
TERXANFRET, BT LAFshim NEGE . ] LB B2 Excel Ha SR G o FoA T4 A B9 &
e

R 3.2 B ANBHE

obs testscr str
1 690.8 17.889
2 6612 21.5247
3  643.6 18.6713

PR Fm
B S JTHE, W LA 2145 MK 7 [ properties™ 2% i

AR H A “name”, & varl” A testser”s [AIFR, AT LAE var2 B O “ste”s 152 N E
EAETL PN

SIEN, FRATERT LA stata = TEAR_EA 20T 45 58

1T data editor (edit) F9573—Fh 7 U2 Ml die B rh B St 14 8" data editor (edit)
IKEENBURIRRRG, thas HRSAE . T IHIES A 2353 —Fhii A B 17 2
B, RAEER TR R, TN Tl

]list varnamel varname2 ... \

FAT LR, FrEm AR a4 2

list testscr str
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3.3 STATA #42 (—)

[T Data Editor (Edit) - [Untitled] - X
File Edit View Data Tools

B G d | FHeE T

var1[1]
|Variables [
1 A Filter variables here
Name Label
There are no items to show.
5 Variables (s Snapshots
7
~
Value label
Notes
= Data
Filename
Label
Notes
Variables 0
) v
Ready Length: Vars: Order: Dataset  Obs: Filter: Off ~ Mode: Edit NUM
%
3.6: HrjEt A\ S
[T Data Editor (Edit) - [Untitled] - X
File Edit View Data Tools
EHd Ga @ T =
var7[22]
vaz vazz ~ | Variables [
1 6308  17.3889 %, Filter variables here
z 661.z  z1.5247 Name Label
3 e43.6 18.6972 z varl
4 847.7 17.3571 W var?
s G40.85  18.6713
13 &05.55 21.4083
7 E0€.75 15.5
8 s03  20.8341
k] 812.5 19.9474
10 €12 .65 20.8056
11 §15.75  zl.z381
1z 816.3 21
13 616.3 20.6
1z 6l6.3 z0.0082 n
15 616.45 18.0278 =
16 §17.35  zo.2s2
17 €18.05 1&.9779
18 818.3 16.50%88
13 61s.8  zz.704
20 820.3 1%.9111 Value label
Notes
] = Data
Filename
Label
Notes
- 5 | |Variables 2 .

Vars: Order: Dataset ~ Obs: Filter: Off  Mode: Edit

3.7: Bl N\ G
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3.3 STATA #42 (—)

Properties

B Variables
MName varl
Label
Type float
Format %9.0g

Value label
Motes
3.8: Fudmim A\ AL

XA A A A AR e O MBS RS SR . B GE R SRR, Hg—
HEARFR T, XM G INEERE I AR E R 1 EARZMES R, "l LAORHER
BRI break 4% . LAG TS0 — A A EER I T o RSB EIN N FE

WA, AT ERTERE LR ST FRATRT A AN i &

sum testscr str,detail

AT LI 2) &

AUS B A&

scatter testscr str

FEIEIET

FATEEE R HUS BG4, ardan

twoway scatter testscr str || lfit testscr str

BRI

17 &7 5L ) [ D R iy 2 A

reg testscr str

CEISEAE I

AR RE R Y [B] H i A

reg testscr str,r

HRIREER T
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3.3 STATA %42 (—)

] Data Editor (Edit) - [Untitled]
File Edit View Data Tools

EH® G 3 BB T-

vard[12]
testacr atr
1 e90._8 17.8859459

o6l.2 21_5247

R

3 8d3.8 18.85372
4 od7 .7 17.3571
] 640_.85 18.&713
L] o05.55 Z1._4083
7 ole.T75 15.5
=] a05 20.85341
9 olz.5 15.5474
10 olz .65 20.8056
11 8l15.75 21_2381
1z ole.3 Z1
1z ala.3 Z0.8
14 ole.3 20.0082
15 ole.45 l12.0z78
1ls 817 .35 20_252
17 ol8.05 15597739
1a ola.3 15.50%8
15 als_.8 22_.T04
z0 o20.3 15.5111

3.9: HlEh A\ G

32



3.3 STATA %42 (—)

# Command rc

1 set obs 1

2 generate varl = 1in 1

3 rename varl testscr

4 rename testscr varl

5 replace varl = 620.3 in 20
Il_ﬁ- - _rer;m:va: t:s.t;r _______ |
I.?_ __rename uErE_str _________ !

3.10: KAl A\ G

|‘I.|’ar|'ab|e5 T 3 X
% Filter variables here

MName Label
| testscr I
| sir I

3.11: Hdfa N G
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3.3 STATA #42 (—)

* Miindew  Help
1]

El Tarial cobaz: 10833883 =
u Licenssd 5o

I. Unicods is mupported; ses help unicods_sdvice,
1. Hawimus nusksr of varisbles is set w0 50000 ses Belp set _mawvar. ]

Bat obe 1
mazbar of cbasrvaticns (_¥) wam O, new 1

- ganarate wari = 1 im 1
. renams varl testaer
. renams testasr varl

o %01 vaAFLABla, 19 ShESEVATLAAH PASTed LRSS SALE SdLLAE)

=il varisble, 10 cbservasicas pasted into dats editer) <
replaoe varl = §20.3 in 20 :‘
i i S =
I . renams vari testssr I [
I . ranams VArD ate I [t
T — I
. v | [F
L

3.12: Hlfuk N\ G

B stata/MP 140 - X
Fle Edit Data Graphics Statistics User Window Help

Ed® Eo-u | #-HBE00

Review Tax ~ |Variables TEx
A filter commands here @ | v eeteer = A Filter variables here
# |Command e —_— Name. Label
1 list testser str Festeer il testscr
2 rename varl testscr 1 630.8  17.8899 str
3 rename varé str 2 €612 215247
S| esse e
4 dropverzvars D s e
5 lsttestser st o | eio.es 1eems
o | eos.ss 21406
2| eosrs s
. s z0.501
s | eazs 19sem
10, | eiz.es 20508
1| ass 2ize
12 616.3 21 < >
| ees owe i
1| eacis z20.008
10| aeas oo
16| azas  20.m
1. | aslos csms
10| ewss 1m0
10| easis 22704
20 | exos 13sum v
Filename
Label
Notes
Variables 2
N v
CapR\Statals CAP NUM OVR
N
3.13: YL{E 5=
. .
sum testecr str,detail ~
testscr
Percentiles Smallest
1% £05.55 605.55
53 606.15 606.75
10% 607.875 609 Obs 20
253 614.2 €12 5 Sum of Wgs. 20
50% 616.9 Mean 625.275
Largest Std. Dev. 21.29214
75% £30.575 £43.6
30% 65445 647.7 Variance 4533554
354 676 661.2 Skewness 1.797063
393 690 8 €90 8 Eurtosis 5.643389
str
Percentiles Smallest
13 16.5098 16.5098
5% 16.74384 16.97787
10% 17.16751 17.35714 Obs 20
25% 18.34955 17.88991 Sum of Wgt. 20
50% 15.37779 Mean 19 69612
Largest Std. Dev. 1.694211
75% 2094706 21.23809
20% 21.46546 21.40625 Variance 2.870351
353 22.11434 21.52466 Skewness -.328439
393 22.70402 22.70402 Eurtosis 2.169139 v

3.14: it
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3.3 STATA #42 (—)

testscr

640
1
L1}

620 640 GEQ 680 7an

600

700
|

680
|

600
|

660
|
.

620
I
[ ]
L ]

16 18 20 22 24
str

3.15: HUHH

16 18 2{] 22 24
sir

|o testscr Fitted values |

3.16: AL
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3.3 STATA #42 (—)

reg testacr atr

Source =E df MS Humber of obs = 20
Fi{1l, 1a) = 1.84
Model 795.805171 1 75%.805171 Prob > F = 0.1514
Besidual T813.34765 18 434.108203 BE-sguared = 0.05923%
249 B-sgquared = 0.04Z25
Total 8613.75282 12 453 .355412 Eocot MSE = 20.835
testIcr Coef. Std. Err. t D>t [35% Conf. Intervall
£l -3.823551 2.821335 -1.36 0.131 -9.756957 2.097858
_cons 700.7023 55.76432 12 .57 0.000 583 .5458 817.85688
Pozargl -
3.17: fAj A [R] 4
reg teatscr atr,r
Linear regressicon Number of obks = 20
Fi{1i, 18} = 1.47
Prock > F = 0.2404
B-sguared = 0.0323
Boot MSE 20.835
Bobust
testacr Coef . Std. Err. t Bx |t [95% Conf. Interwval]
Itr -3.829551 3.154137 -1.21 0.240 -10.45627 2.79717
_cons 700.7023 63.981258 10.395 0.000 566.2827 835.1213

3.18: FRfdbRiERm A S,
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45 ZIondetkm A

B=YFEIRG R ER : SAAB N, P Eis . B2, BEA AMREX 4
W, BO/INIERg 22 A ] REIE A HARHY N R A5 H P MO =

R =Y, IXEEBR I AR R FE R0t T IR ZET u; o (HI2 X2 {li15F OLS i)™
At FAE AR IR R A824, B AR SR iR e ZonE HE
THBR G AL i 1 — T i

Z JCIRIHAY idea IREDUL: UnSRARL G I S AU BHR T . B4, FRATHLRERFIX LA o
ANEAT RPN RN T, I EAARFF R ERRAZRIEO T, AT — 4 EH R 2L

AVAS

4.1 SRS B

BRI NIEZCEA NG o AERXAPITrh, BRI (“p2E- BRLL) BN, P sE
e (B2, UCFEA AN REAE, B2 T VF 2 B BRI R E R Z
UG o IXLETEAE R MR R AT SAARIE (UM B REAF IR S5 ) AR RHIE (K
JER S e ERET) . M, RALGETZER N

REHAGE, PETFEZ, BRI EA R KR 5 AR fEHdES
FARSCEIH, ZWE RS . WHE AT EEARE, BRGS0, P
ST shi" Ao EAHRZ TN R Ao I, TR 22 AR f I 8
i, JEHIRRRE T N

A2 MR—ABEER T AGIZ M5 — M HE AT NHeflE, R s, fhit
T N GBI 2T AT A B IR AMX G S 225, (UUH -2
UREESK 1S, PSR M ARG R 2 A o (R R T 22 A AR e 8 L A9 75-20 AT RE
T 24 WRAMIP AL TN, A4, 24 MR OLS B4 R BT RE= i fil it
I3 R B o

4.1.1 RN Elmimi g X

IR A ER T SR s A A EA O, HaX A s A i 2 AR R SE R =K, AR
2, OLS i Rt L it e s b iR -

A A R 7 A b 20 [ o A A 2

I X Szt

2. BN ER R R Y I RE R

AL B iR 55— LS Rik. [FI— &8 =iFfa ok OLS jy = /M, Hrp, 25—
R E(ui| Xi) = 0o iR AS R fin B A S 1X MBI



42 %L agER

fE—TEEUH, w SABR T X5 LISNITA YR Y B . SRR B e —
Xi, F 2, WHET w5 X e UG, E(uilXp) # 0o XAMERAMAL, JFHAR7HE: OLS
R o BRREZEAHEAT, ISR 2R, 7L OLS {5 hER 2 —5fi it
By, BRAERES X M6, JRATE S corr(Xow) = pxuo 1BIR LS HIZE RSB =AM
38kiisr. A2, OLS (it FoIhR:
Bi s Bt px (@.1)

AR, BEFAMBINIG K, i DR S I BER-UL T betar + pxuFes

note:

1. TCIR AR AN, 1 TRAS B i AR L R . A (1) FRATLAEH . B I
ASEIFUE Bro HARRIITK/NA pxugso

2. (Wi A/ NBIRT IR ZTS X K RE pxuo 1oxul BEK, IRIZHA.

3. fWiRm T (e, REGEMAE M) Bk FRZEIYS X 2 IEMHEE 2 FUH .
R pxu <0, OLS fliit @ kil , K27k,

Bl Wr B AT DASR S P!

T FHE RBUT, WEEXHEN— NS I Z RV S LR & &, TR
FZ TR 7. HSL, 3X/2 Rauscheretal. (1993) 7F Nature b FAIHF 58 R o AbATTEEL, Wr
10-15 23 PP SEFLURF 2B I PR 15 1Q8-9 A

FAEAE SEFURR RO "1 W SRAE e, £ 8-9 FIQ 2|2k T MR T —
T, ROV REETAIES . XN AT REAA AR AR e 1R o

4.2 Z It AR

BEAR B ALt 1502 TR ERIE Y, T30S XSRS oA e & E DR R, Al
2 SAEGRESR R T ], BT A E TN IR 5 R gl il LATH BRI 22 i 12 o
HUEZTCEERR . Z e AT AT IMEAR RS Xo AZRRITROLR . T Xo X5 Y A9,

5SS

BIBUE WA HAL S Xy 1 Xojo AEZMEZ TTIRIAAA A, 5 AR GER R AR 2 A 2R AR
IS

r;qz{

E(Yi|X1i = x1, X2 = x2) = Bo + B1x1 + f2x2 4.2)

N (2) MR EIAL, B3 SR RIS 2 oCElas el 2 5 AR A
Rt MO R R 230 (2) HRYRES & L JC AT A« AEZITEIA, 53X
AR A X2 A BEE ] X2 I, X1 RS Y B9 e XA RECAR N JRil
UL o

5L SEIVEY e

Lan—JCkElE, ZITEHGEAERIHFR N LRSS Y ZHRRR, FAIEAFZ
Y (AR A S AL ITEIHLS. Wik, 2 (2) BFEAEREICRAELE R K.

38



42 %L agER

Yi=Bo+B1 X1+ Xo+u;, i=1,---,n (4.3)

FATATLIAE Bo PR HOZAEN 1 Y BRI R FOviZ B REEN 1, EIAR O
FAZ L RN, Bo AR W B
FESEET, ZIrml AR LS P LRy B A, BT
Yi=Po+BiXi+BoXo+ +PiXe+us, i=1,--+,n (4.4)

4.2.1 ZIullAd ) OLS fhit &

[E112—F, —JTIEHM OLS fliif&: ek RECK S/ IMETRIR 207 F1, Blges: Bo, B
Sef/IME Y (Y = Bo - BiXn)?e Bo, Bi w2 OLS fiiite.
X — AR AT LAY A 2 £ T mlE I 25t . B

> (i-Bo-piXi— - - fiXp)? (4.5)

i=1

Hrer, Bo. i, Bk /& OLS fiiitte 1 OLS 5222 6 = ¥i — Vi %R

B OLS it i A=A s (2, SFist @i AR O EmE I 7RIt
fRrR, Bihn Stata, FRATHEEIRW A, A0 AT AR 45 45

M.

=, - B IO SRR, FH B SERT IR AR RIE N 420 S AEIFEA A 1
FAY [ AR 2y

Y =698.9-228x X (4.6)

{HZ, i LA AP, FoA O B AR N 228U O A T AN . [RA
CAEEBINA m R FOAER B RER, PREAGTEZ ARG EdERE, K
I, HAEMGR 50 ERIR R ZE—2E . A TE-t A IR AR RN 25 A4 BB A HE eE A B
e Ao, AT AT AE LA —JT a3t v g | NAERHBA2 AR G, M ITTTE BRI T 2% 5
B 1521 2T N

¥ =686.0-1.10x X; — 0.65 x X» 4.7)

Hrp, Xy FoRpA-BNt (str), Xo FoRIEIEIERERE 24 (elpet)

stata Z5 A

W—ITlEIHTTRE (6) FIZIthlHATTRE (7) H, 2pAE-22 Ii EHIN G 0 250 &R 1Y) OLS Afily
IHEERB T . ZITlRlEA, B 19 OLS fliit i h-1.10, XJL-F 2 —JolElE b i —4.
g2, 22 0 RIH BRSO I 43 B 2808 2 — T AR Al T HB R B — 20 TXE A
RNAEZTTRIAA, -1.10 FRoRfREF Xo AR, PRI, 1M-2.28 MR R B A
BB RRE A AR AR AR AN I8

XFOS T LAE . — Tl A RS I AR w5 o Al T H A HEZRAS IR A K o
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42 %L agER

Source 55 df M5 Number of obsa = 420
F{z, 417) = 155:01

Model 64864.3011 2 32432.1508 Prob > F = 0.o0o0o0
Residual 87245 2325 417 20%.221328 B-squared = 0.4264
2dj R-sgquared = 0.4237

Total 152109 . 534 41% 363.030056 Root MSE = 14 484
testacr Coef._ Std_ Err. t D>|t| [95% Conf. Intervall
Itr -1.1012%6 .3802783 -2.80 0.004 -1.848737 —.3537945

el _pct —.6437768 .0353425 -1l6.82 0.000 = T2TELL2 —.5B724423
_econs 686.0322 T7.411312 82 _57 0.000 6714641 700.6004

& 4.1: ZITlRIHEER

4.2.2 HIEE

H5— n@ﬂ*@m%m@ﬂ&ﬁ_ﬁﬁﬁM%ﬁm%hﬁﬁﬂﬁﬁﬁﬁ%MMﬁﬁE
(14005 SER. R* FIH#E R2 (R)).

SER
SER 1R 200 u; HIFRHEZE . fEZ2JulEIHH, SER
1 . SSR
SER—su—(wheres _mZMZZn—k—I 4.8)

EXEHE =P SER AW ERES R n—k -1, TIAZ n -2, F=df, BRE
n—=2 28 T HEE AT REAM5 A A PR T n—k =1 WER T WEEAG T & +1
NERE (K ADREER— M) 5UEAM FRik. n—k—1 SOV HBE. 4 nfRAR, HHE
JHEE AT L2 o

R2

[EMZ—TF, =gk R? @ SCHEIAR 7 FrfEMRER Yy IOREA Ty 2], 835 1 Rl

[ TR REARRR AT RE AT 22 He il
ESS | _SSR
TSS TSS
Horpr, AT ESS = YL, (1 =Y)?, BRSERITSS = Yo, (Y = Y)%.
LTI R SR o (R, SRR E AR, KRR R R BCR 0,
B RN, R? BWHEK. 147 OLS, ek RSB/ MEFR 2277 AT SSR. (1)
A L G R 0, B4 SSR R4 B X M IE T k. (2) T
FIE] I RSO 4 0, T4, wmmuagz)aa@SSRAw\ WA (9) TTHI, R2AEA.
W2, BEMIEIAR, R AA, S vk i e i s TR A AT A%
R EN. I, Exﬁ%zwymﬂcha@ R, ik, $RH TSR R, BIR

— n—1 SSR 52

R =1- —=1--Z 4.1
n—k—-1TSS 2 (4.10)

/\T (10) 5 (9) ZIEHE’J?EJJ‘JTJEE%Z%¥)7$H'?'j$ﬁ7'FEIZH3FJUﬁEJZT*/\I? (2L,
YT R AR TR

R? = (4.9)

40



4.3 BE i b B2 X

g, 2L ERT L Fil, R < R

B W ANE AR R G IE AT, 7, SSR TR, B BT A
F L T 2 sk, R AN itk B A5 N T AN I o S

5=, R ML HEL UBSHIEIE G, SSR FRERURREER B LUITA L TR, F4
R SEATRER 110

A MCESCESE T R LA, R? = 0.4264 , ﬁ‘ﬁﬁz =0.4237, SER = 14.464, JixLL
SRR A = Ph g — o H S R TR, R? L 0.051 _ETHE] 0.4264, st i A %A%
XA AR, 2 AR A KO 2200 5.1%, M Ak S E RES R XA B
AR, B A T RIS BT 2 1 42.64% . HGX AL L, B A
SR T AR L AT . BRMREACH: n = 420, EIAN k=2, FEIL. R2 5 R 2
% Sk AR/

B4, SER TR 18.6 FFEIL TR 14.5, XU B4 1 8T,

HE: BAR 5 R IER, BEKRET R e mtba b, w5k, Sl
R JLFRRE ST B LB s e b . MR, A — /s R T B
AN T DU 0 R B TR SR o

4.2.3 Z o) OLS fBis
H—JEEJH0L, ZICEIH OLS thfy—Lefi%:

Yi=Bo+B1 X1+ X+ -+ B Xp+u;, i=1,---,n (4.11)
Hrh,
Lo 2556 Xui, Xoiy - -+, Xa WERAER . w SAAMEN O, BRI E (ui] X1, Xoi, - -+, Xii) = 0
2. (X, Xopy - -+ X Yy) MSZ[E A0 (1d.dL)
3. AATREH IR AT B s X, Xoiy - -+ X, Yy AAEZRARRIY I H4E
4. N EEA 2 HALL.

4.3 Rtk TS5BS X 1
S TE TR A IR LR B T — 7. (4 TEA ) OLS fif it it 77

FEATIENE . H—JCEAAE . 2 ICEIHAEL AT REE & P Bl N B R B A Bl
ARSI, B8 F gt R
4.3.1 BRGBRER S EAE XM

ML=, —ICEIARE T 782 ok Uk a st (20) iy 7ELS ik T, REGEI
BOREREASIHE SR B A, it 5 5 1. o HIFITHR B1 FUBRUERR, SE(B1)o

o2 B
A1
XA THEFRERR Y T AL A LAE 2 25T RlH.
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4.3 BE i b B2 X

4.3.1.1 BRERFERA T

— ORI, BATHEERREZ A §j M HZ R RE B FETH—WEE Bjo. X
FEHVMEE 2RI T A5 e, B2 R T SLPR N R R . iSRS B2 XGL B, R
N B S S BB

Ho: Bj=Bjo vs. Hi:pB;#Bjo (4.12)

W, £E/NEEERE T, R B1 = 00 FROTIESS 32 B REA S R0 16
JEBR AN A 5% o

PVl [ES et S Ve STHEIN =TSt g n owiat S

B, B IRRHER, SE(B));

B0k, HE SR

A

;= Pi=Pio (4.13)
SE(B;)
F=F, HEpHE
p = 20(—|1%)) (4.14)

Herp, 0 R R RASERR t geit e IR p (H/NT 0.05 B [¢4] > 1.96, AR AmAE 5% [

BAEMCE M AR
T BATN TR stata 255K 7] LU AR oGt Al p (BRI cHE B s iy .

Souzrce L1 df MS Number of obs = 420

F(z, 417) = 155.01

Model 64864 3011 2 32432.1506 Prob > F = 0.0000

Residual 87245.2925 417 209.221325 R-squared = 0.4264

Adj B-squared = 0.4237

Total 152109.594 4139 63.030056 Boot MSE = 14 464
prifEiRe || c4tBe || pfE.

testscr Coef. :-St.-d.- E:::__| Ir- = -r. -I |P>-ltT : [95% Conf. Interval]
[ 5 g I

str -1.101296 | .3802783 1 -2.901 |D,004 1 -1.848737 —.3537945

el_pct -.6497768 | .0393425 |I -16.52 1 |0.000 1 = T2TE11D -.5724423

_cons €86.0322 |_7._4!._13£2-! 1 _BE.E'!-: |2.EDIJ_ 1 671.4641 700.6004

4.2: FRUER. CSEHHER p (H

4.3.1.2 BEi5XH

Z T IE H BB X A S —JT R EAE E
BN, 2% B; 1 95% HIRH B A5 XA LA 95% FUHER 14 B MIELSLH. S, B 19—
RYMEAREW 5% BIRGHLRAG I a2 o UREARUSAR KT, 95% HY'E5 X IE N
95% conf.interval = [B; — 1.96SE(B;), B; + 1.96SE(5;)] (4.15)

e AR 90% W EFXE], i 1.64 488 1.96; W2 99% BRI, HtH 2.58 Hut
1.96,
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4.3 BE i b B2 X

SRR TR IR I 0 77 W (3 X 7 R TR R A TEASIE LT OLS f it
A PRI, B 20 S B L R B A R 7 0 LA E A T A (R o

T 2

1] 2 (9% TC S5 T , 2 22 0T L) R BON-1.10, SER 038, TEEER B1 = 0,
KL, A =500 = 289, 4R 1 2 BB R, MRLAY p (E 0.4%, KM p (K
INF 5%, FFEAZE 5% B9 BE MoK T FHEA B X MEEE /T 19 19 MK -

21 2 ST 17 95% A B X T4 [~1.85,-0.35].

T 2 B A

S A R IR RSE, Bl AE0T H (expn)e HRZ, LB H N
INEIE R B

Source 55 df M35 Number of obs = 420
F{3, 4l1l&) = 107 .45

Model 66409.8837 3 22136.6273 BProb > F = 0.0000
Residual 856399 _703% 416 206.008318 R-squared = 0.4366
2dy B-sguared = 0.4325

Total 152109 .534 413 363.030056 Root MSE = 14.353
testscr Coef. Std. Err. t Bxltl [95% Conf. Interwvall]
atr - . 2883992 4805232 -0.&0 0.551 —-1_2303585 -B58157
expr_stu 0038673 0014121 274 0.00& .001o0%21 0066437
el_pct —-.6560227 .03910535 -16.78 0.000 —-.T3Z28924 -.5791523
_cons 643 5773 15.20872 42 .72 0.000 613 6883 673 4676

5] 4.3: IR S B9[] 45

ME 3, BATES T ABAEER : I expn 25, str (SA2E-20THL) AR B/
T, fUR-0.286, T H t ZHEUCN-0.6, XFREY p (EDN 0.551. Wi, SR EH XA A
O 0 IUBIANRESE 10% B9 EE MK MR, HEHE& SO, PRI S HANE
RE R AENEEILT, AR ER, N AL RIS

MIXAEGETE AT A 75— R PR il 2O B REES A RO e . B
MR, IMNER NS, st FRBARA, Bobfie M4, BEEHIIARE
O HERIAF S (P, R, Beais ), MR TR 2 R 0. XHERE AT
DBRFF R SIS, T AE PSR, IR S i . (H02 BT A [E] ) 25 2R A0
J2 str fY RN, HES AR, XMl R IRE R A A S s 22 UM S H X P 5 B e
BRI ARG = BN o ITHERT H 05 B RS A RO ICE T - E .

ANz MR 3 i, str BORRIE R MU 2 FRfY 0.38 224 [ 3 rhify 0.48, X H str Hl expn
REAFAEZ I 2 LAt 2 38 OLS fhi Ao

4.3.2 ARk R

AR RIGHBGR N 2 A - I EE AN E S H ) R AL A O O, iz e Je W »



4.3 BE i b B2 X

WAHEHI RSB E AR, BABIRN
Hy:1=0,6=0vs. H : 1 #0,6,#0 (4.16)

BB BBt 2 A W B 2 D R B R o B R ABE H AR T — D RECEE AL
S 84, BRE R AR

M2, BATAT 2ANRE—IREGIE— 1> 2% ?

WERIRANTN EIARBR AR AT B, I A 1 F 6 SRS 28— RECH 0 MIsE =4
RECN 0. ABa, HE 1 Fl oo A —DKT 1.96 M iz a4 R i?

W T IXA R RIS & o Fl 1o, BRI, FREZE A TNER SIS . FEK
FEATN, B fl B ARG IES M, G, o Ml A— DR IESS . g t Zitin
AR AR A2, ANREFRLE R Y HALY |1] > 1.96,]6] = 1.96. Pr(|t] = 1.96, || >
1.96) = 0.95% = 0.9025, K., $646 5 R IZAIHEZR N 9.57%(1-0.9025).,

WX t it ok, 4, XFMEEENE 2. ER K —1" I EASS
B —NEENEEEA mHn—MEEET F i anie.

43.2.1 F Zilt&

F et T [ A 4 R A B AR 1% . Stata FE AT AE M Y F St i . 4BeE
O WD RECH 0 B, F it iy an=oh
1 B +13 =2y il
= —

pll,t2

4.17)

HA oy 2P t SRR B A THE
NHRER q DRI ESRERL . KEAT, FRITRA F 0. Bk, F4ith
il FHUERLRE L Fy oo S ATRA R, 58— DEEN BBV FA it & p EH
p=Pr(F e > F] (4.18)

AT E RN p EHS FOAWIRFUER . R KRR LIRAGIR, B LD PR
PRZK, (HIE stata TEHF B AT MG 2L 1 IXERA0y, B2 Ak
F ittt i KRB0y 0 FECE e, RIEEG& PRIy

Hy:p1=0,2=0,---,6c=0vs. H :B;#0,j=1,2,--- ,k (4.19)

Hrp, &PRBOR A 2 0H—4 j AEFT 0,

BT, BATEHEREMRE Y U7 E. 5 g = L, F it S s B — R BRI R
BRE BRI —Je [Pl ARG F Sttt t St Rr-Fs.

ZN ]

fe A - M A AE S ST R R EON 0o 1 F geit iy 5.43. A0 F Ao

PR R . KFEARE R F R Foeo 2047 & F 0 AIRAESE . Foe 73,5% HY
I FHE N 3.00, 1% HYIGFUED 4.61. THHEAGEIR F 4it ik 543, KT 1% BEMKCPET
AEAHE, R, A2 1% BYSBE TR TR )5S
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4.3 BE i b B2 X

=]

Covariance matrix of cocefficients of regress model

e (W Itr SXprn_3tu el pect _consg
atr L2323942
eXprn_Stu -00040035 2.43%e-06
el pct —.00Z244872 -.00001024 .00101025
_cons -6.6649192 - .02070346 .08180682 238 .9c038

. teat str expn atu

{1y str =20

{ 2) expn stu =10

Fl Z, 4lg) = 5.43
Prob > F = 0.0047

4.4: F it

4.3.3 Z ool IR e

ZEHPEW NS B R, A4, o g iiLeds BBt L ool HFe? Har,
WA T RERZ RN AT . ERWARKE, FAAFLESHEENTH. EF—
AN H AR, WIZ AT RER BN R IRE o XA BT IR L% SR El AR,
R — AN TR T . TR OSSR R TS AR, Hl R A1 R

[F2—F, AP — 1R B IRA imiR, AEEAEE (1D) 204
mHBERTEER: (2) BiRESEAIERNDE Y NHERE.

XM ERE LG AE X, Xai, -+, Xad, u SR IIEON RS, XTI LS 55— M1k .
R, BIEAE KA, SRR e BUED, BN iR 15 OLS {fif &t
5

TR BB S E O A B (AR BT RERY ) A HlAr &

PEHIZS B AR RATBSBE BAr: MRS EL T, , REFAAENREZE; W
RAM AT FEURSBA E (DR E) 1Y R SRR 18 1835t i A% 152 o

TELS — B b, FRATPRRADSFZ O R AR BRI H AR B o BOOEREAR ) OLS fd
THRETCWAT, (HEEHIAs ) OLS firit B —HekibE A MmEy, F A RRE L.

il

2 R TR AN P T 5 R B RS A S i o AN I AR R e R iz,
R, ARAEN . HEXEH SR ENEFERA R, MAEFE = R Fit, &35
st nl U Z e lE, FEmE s NS R R 2= #la0, FATAE str fl petel 2 7,
FIINZE o T2 R4 E ] (Ichpet) o B4 BIHEER N

B  Be  B A B MRS, AR Ar R AT, MR AR e i,
T ELAERABAR N gt ARt R A] o SRT, FESEE, e imA— R e wxE, If

= BT,

45



44 % 52,93 Stata 4k 7<)

ML, R i AL R i R 7 i
SRR AR T R ISR L lb T A BIR LLSOSBER Y i, I T4Ra .
B AR A RV ER S I RO BE R

B, SMERIRI N 2 A S E R RO A RS R A R, XA R ARE Ll I
eSS SV C R SN

Bk, AARESEIN AT HIEIE, T4, MBS SR
PERE, Bl SRR ] R -

TR AR, OB AS B B 5 B RO, 33 3 ) YR R B 3 25
WA{E . BT, RS A A A B A ALk, TR A, X B
W R L RS B RIS e T P05 T b P 40 R U (R B D

Srh, REFIR REERIRA1E 42 FRESIRIAI 20 ?

R A1 R BB RBAIE A R TR R A by 2 FO R o R R2 S R 456 F 1, i
5 051 R - REVE S0 TR A RTINS AN B0 3k, OLS BRZ77HR/Ne 1 R2
5 R BT 0, AR

R FI R REE&RHRA]

(1) AR RS B,

(2) [B1J1 Rl R0 R A s sh i SRR

(3) FFAEREIRAS B Rt

(4) FRATE LR TG AR S,

4.4 £5EFI Stata AR

X, FR A/ NEZE AR B, SRR ZITIRIHHY stata #4FE A R4
1. EZHERBGZN T AR 2 e e i BR s 2 e iR

B2, FUEBRIAN & BRI e

METTE RN AT LAR Y AT DRY PR (S 2E- 0 H) X2,
TSR (BN, 250 R FSERHETR) o BRILZAN, AV M 2
BERR, HelSAE-EMHR. IRGERMX N X = TR iR ARz
AR AT S E MBI AL, A4, 2B I HE R R B2 PR T2 AL RN I BIE S
AU 3 2 2 o

FAT 8 A 2A B RE - AR ERETR22E H ] (elpet)s 252 90 98 42 19 24 FE 1] (mealpet)
BT R ERNTE B2 P (calwpet) o J5TET A4S HEET AT LAZ 2242 9 255 8 5o
2T EVC AN Ll T AN RE S IR A TRX A AL e R — MR D A e AR 22 AR TR AL
WG ML, FAHE S A 22 A e B E D ERERIA R, i RS2 5 N S B Y 228
FEAIE D A P IR AR

N FAT BRI E (testser) SARTGEREEAEHG] (elpet) . 52 B4
FAEH] (mealpet) . A B S BEIN B2 AL HE B (calwpet) HURITIA o
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44 % 52,93 Stata 4k 7<)

AT stata w5 =170 5
scatter testscr elpct
scatter testscr mealpct

scatter testscr calwpct

ATLMS 2T 41 =g = /&

testscr
660 680 700
| | |

840
|

620
|

800
|

40 60 80
el_pct

4.5: il B A If thE A2 H

o -
%]
o

M AT LA B 2R 1 22 R Y AEOR R AE stata A 125\

cor testscr str elpct mealpct calwpct

CEIMIIES

M EIRZE SR AT/, e R R A ] (mealpet) s A BHHg 2 K ER AR BIR 74
el (calwpet) Z[RIAYAHIR ZRECN 0.739, o020 =M fil s in Z IR G, R
ZRE A M-0.644. -0.869 F1-0.627

/NI

FAME B =2 AR A ], SRR AT, B4, X R VE 2L 0
# 100. [FI, FAT AT LR AOHORFIRIX AL T, AR 08 A4, AT A i
BB R B AL

XA TR A SR et — AR RS @ R 5 0] 45 SR B2 ) SR U i, )
D EO A - RS B A eI Y R R o, RSB RE AR U [RA R
BOR-0.6500 QERARSEIEZLE L BI IR elper /1000 [AIJARAL R? Fl SER #EAZIAELL
B2 E I REL L 1-65.00 A4, 1E elpet FYIRERT, str fRFFAZE, elpet [ RERN D HE
HE 3 (93) . TAE elpet /100 (BER, str fRFFAAE, elpet/100 [ REFIR 100 1755
RV . REIXPIRMER S E R R P B RSN, EEH OLS REHY & b i —
WEHB AR,
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44 % 7,9 )2 Stata etk 7<)

°
= .
O,
I~
. @
e
RT R TLY Sl P
o . :.o ) * . ¢
.c L& o 08 o,
S |e . & gl e,
5o | . @
T . Sl .
,% . .o o 4 ..': ? “ O. "Oo... L] .
T o oo‘l.. pt- ":J .'..ﬂ : °
5 oo o Q2
© s @ o.ﬁ by, ¢S
. e® o°8 .M t .
t S *
. ¢ ! by @
o . [ ) .e .
o L T
© o e %
e e
. e *
Q
=
o T T T T T T
0 20 40 60 80 100
meal_pct
4.6: Mk B Rz o B 2 A Ll
=
—= 4
e
=
oo 4
oo
=
— o
2 @
2
= *
=+ *
w *
*
o]
[
e *
*
=
= 4
w T T T T T
0 20 40 &0 a0
calw_pct
4.7: M50 REs N B 1 24 Lo
testscr atr el pct meal peot calw pot
testacr 1.0000
atr -0.2264 1.0000
el pct -0.6441 0.1876 1.0000
meal_pct -0.2688 0.1352 0.6531 1.0000
calw pct -0.6269 0.0183 0.2196 0.7224 1.0000

4.8: R AKX
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44 % 52,93 Stata 4k 7<)

B8, BIASIREZEE

S (B AR AT A 38 (B AR 5 R 0 1, stata 2 B LA U I Z5 5. B4, BUAERY [AjH
KT AERXAZRIHGRT, TR 2B EIAZRYE? B2, BRI NAEEL L
T RERIE A E I TR ER . (BRI e SO R L, 18 3Crh 2802 AR Y
A I R 2

7 4.1: ZIThHIFgR

HA €)) 2) 3) “) ®)
- X -2.280%%* -1.101%*%  -0.998***  _1.308***  -1.014%**
(0.519) (0.433) (0.270) (0.339) (0.269)
JEERRESA A A Xo -0.650%**  -0.122%**  -0.488%***  -0.130%**
(0.031) (0.033) (0.030) (0.036)
BB EAEHH] X5 -0.547%* -0.529%%%
(0.024) (0.038)
NSRBI 22 AL EU ] Xa -0.7907%* -0.048
(0.068) (0.059)
=2 el 698.933***  686.032*** 700.15%** 697.999%** 700.392%*%**
(10.364) (8.728) (5.568) (6.920) (5.537)
SER 18.581 14.464 9.080 11.654 9.084
R? 0.049 0.424 0.773 0.626 0.773
F 19.26%**  223.82%#*  453.48%**  ]170.37*%**  361.68%**
obs 420 420 420 420 420

T A5OSR R R FF, 5  F PATFOR 1%, 5%, 10% BB TR

F 12U T HAEEASRNEER . B—502 HERMZ & WNESIRHEAH, &
PIRFE—AZ ot JEFRPA 2R c g, (BEaSEkd, 5 BEARMRE t
geitia. PUOAFEIREGL T, FUHRE. ¢ 4eitia. SER fl p (Er] LMHEIHRARR . Fn, (1)
Firp, 1= 53850 = —4.39, 1 4.39 > 258, i, %R 1% 1 BERAKE FRE.

(2) - (5) FEEERER. (2) GERENCEEINS. (3) FIZEMERRZEIR, —
MDA R— - L, B2 AR SGERHE A LU GRS 2 A A T
Bl (4) F0 (5) FINPR AR, RN A ELTHRHER LR, (4) FI2 5058
PRI RIS, (5) @R (4) Befil B AN BT H ~A 4 Fu B g4
Ak,

B0, KRR

NGNS 3 S0 o (Tl N 6 X 2 = v el LW GO Y OV IR 15 & ST TRE RS YV -l
PRI RIS AR (BE T Radd) o FEFTARIEIE T, A BIMHRY REIILE 5% 1Y
ACE R EN N AEHAS R, BN (2) 2] (5), RFFFAERMEAZR,
e 10/ A e 3 X N TN S 15 3 Gl i ol W s £

2. ERHER AR R MBS . I (1) FUE, R* = 0.049 B, 2441
AR REMARE—/ NS AR A B A o SRTT, 22 AR AR I REASEAL RS, R? K

49



44 % 7,9 )2 Stata etk 7<)

BT o SR A RHE AR B R BT 5 S HUR P 2 BRI 20 ARt eE A HU B
FIRPIEAE O PIRGE RIELE, P ZOBAR

3. AR IR AR R A (5) i, WSR2 AR FE B I B A 2L
IS B JABAEAE 5% [ B AT FANRERAE 40 | TR N A B S gt B A (3) Hh,
DR (242 lEL) A9 REBON HARHERAR A KRN, ELIX 2 il A e Y 3R %L
A L, WS BIRS2 A LR BT RATRG 04T H AR BUR 22 A A1 22 &

HE: EBREEASRA] stata iy &4

e 3 "
EkaEEEY Tahle A [

LS S & 8 & S 8 8 8 8 8 8 8 8 S EE SRS EE RS L EE RS EEEEEE SRR EEEEEEEEEEEE N
"

¥ Column [1);

reg testsor. 3tr, T

di=s "Adjusted Rsquared = " result(8);
¥ Column [(2);

reg testscr str el pct, r:

dis "Adjusted Rzquared = " result(8):
¥ Column - [3);

reg testscr str el pct meal pct, r;
dis "Adjusted Rsguared = " result(8);

¥ Column [3);

reg testscr str el pct calw pct, !

dis "Adjusted Raguared = " result(8):

¥ Column (5):;

reg testscr str el poct meal pct calw pet, )
dis "Adjusted Rsquared = " result(8):
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M= PUPERAE, AORIREFDM A N i S 218 s A B P kst /230
BN, PN SIS . (B2, XS AR RER N B R S5 A E AR —
ERS IR SRR 2R SEHE, ERESFAE, /NEECE R EIE ST A BERLAAAE SN
PEAPERL, FONYISFEHE BT ERE . &%FAE MR EER.

[FEIFERYTERE, AnRARHX — e s S B R EDR, L A] BEAAAE SN A R A

25 BRTIA, iR B S ATIERE 5 OGRS AR BRI ke, AN A R At B

4 AnArT B A ER A R 2

SR AN AR, AT RESLEIRATTAR R T M A b 5T AN I 5 B GBI Y SANIEAE o B9
(A B E T S RT 5 RN 5T AR A RO R PR BE o

WS BR £ BESRBE, MR TAA FEM R BRI 25T, B4, IMRARCEsGeE
X B S SR 45 RO FIWT . — R, SRR B S5 R T ASE RN AR, R
ZI R

Sy AT ANERAT R B ST

PR A AN ERAT R SR T SE AR BRI 2 (A AN T LA BT LU SR B IR ME o TR, e/
T AINEAT 5 ) S B B AR SRR AR e, B, ARSI RNE R S B B e A RIS LT Y
2RI A=, Shadish, Cook, Campbell (2002) .

5.2 R R B

WIS A AT AR LA T A6 OLS A RE AT —5: i
B XA 4 R B P

I RSP A R B T A AR IR
B ARHORAERE . PRI, SRS, BT TR A R A
RS SR FTHET OLS 55— B
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[ — NP R R i B A e i . BRI e Y, B XK. BIfEfE
KREART, BIRT mRiRtE S EE, Eil, OLS fiiit e ARG 8. i sif it/ ML s
T A%t iR O T3 I B RS e A i 2 A T H

1. 2470 5 A) WL s A 15 S 450 A8 N, I3 AR B IR IR AR I

WMRFNTEB IR B ESE. B4, e(1aastLxRIHFRI .

(HRAEREAR A, SN — N m B A A SCEIRL : — 7, SRR S S B INA
R, ISR S RB A B A e R T, A IAEEN AR ()
w, EHEMRENERECH 0) SFEARS —LE[m H B 7 R EUG TR I . #eaid&de, 2
AN—AMBE, RERTIERBIRRAIT 2 Z M IE . Scgkrp, s H LT 2925 A
FEREMA— N HrE— L4 1

20, U B AR A B R ) R BCRIOCHE R 80 . Ban, mim @1, S REUE
e - T R B

S, ARERAIEIEA, EERESR A R AR ORI T4 "I T B R AN H &5
HFR AL R o X — 20 WAZAE RN 2 Bk 5T e X2 HY [E1UE R 32 >4 R vk AR, s
AR AL RH T G

=00, YOREERIT AR E REVESIT BEN . 5O MR A S AR
BE, BB AR RSN R EEN RN, A, XA RNIZRE ., RKZIMA.

DU, EIRATIENHSE RIEMN TR ER . X2 A T ENAEE, LM
— SRR Ab, HETHEH — 2w R AT L

2\ MIE Y FEE A AT R, SR R R R AR I

MRS R EAR AT I, FRA TR GERG I AR BB Ry — AN E . HE,
SERHIAA LA JUR T 2R R s I AR R i o BERR T IE#RIE R R s 8

M TEARBIESAL, TEARECE T LARE AN AU A s AR R (R BRI Bt
7 B BER AR .

MO THARE, XFI AR — Ry TRA R AR .

MO AL RIS —DID 5% RD %,

fEseerh, DLE =Ryl g A . (5 H RTAY E R mACE R ATRA H 2% R T ASE
AR AL NPT I 5t s A b AR 4, 0 SRR L35t Y A% bt Bl T [R) AT A%, R T AN A A0 g e A
REAE,  RRRIR 2 BB T a0 T

SPUF TR IR 224 A2 1250 (£ Duranton et al., 2009; Belotti et al., 2016)
RIS 2 Wk (RARI RIS kAL (200 Wolfers, 2006) . S EL[EERLN. (2 Bai,
2009; Kim and Oka, 2014).
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5.2 M3RA Bk 69 B

5.2.2 MFOERIRK

FATHT RS B RUH R EUZ 2B R, (B UIR S MR MU AR LN, AR 4, 1X PR
BOV AR (1T OLS it iAo T 20X i et J T it A b e ) — Fp S e 2
RN, WAREMREIH R B ML, A8 4, SRR st R, X TR
TAR e B AR S T Y s A S R B A XA

PREE AR H A DRI TR R R B & RER AR B9 s AU 0 T4
o Pz IEHm s NEOER LET LMK (probit B tobit 45) 454

5.2.3 JUERE

IBANERA AR MR B s NBHR IS, A/ MDA AR EdR RS 7, Hihes 23 OLS 14
AR XPHIER N miRZE R

LRIREAREAVFZ R WERN, ZUERMEERESR SRR ANEIRTE N
WACKHE, AX; Rz, B4, WP IRZEE E SRR Y = Bo+ B1Xi +u;

Yi = Bo+ B1(Xi + AX;) +u; = Bo + 1 Xi + B1AX; +u; (5.1)

M (1) HRTEAE H, AR IRER, $AHEY T2 oRIA s iR EX D B,
AT 5 | R Tt 2 o 358

WERY AN IR ZE, A4, SMHEERIHTT 28, HEAS TR B A THR R Flin, Y
MR ZE S BEANBENLIRZZT, RUFTAYIRZT vi = wi+wio WIER wi 2FEALRY, ABA, E(wilX;) =0,
XA E(vilX;) =0, B, BTt 2w, HE var(v) > var(w;), {115 B I
TR TTEE K.

R T 1

ik TR, TR XHEK, (EA5MEIREMHK.

TrET s SRR ZE R, R AT s AL S X B A IR R B fa iR ok
TG TR . SRR TIESUE R — DR XORE R, et , HE 1R
X & AR R AN, s R T I

5.2.4 SRRBIRAIREAS G

Uk IR AR RR R W o BRI I AR N R AR 1 B B TR T2
fHaikdc. 2 & =FiEIY:

T —: R e R EXFEE T, BEPLERHYSE RS X 8 Y AR, X
AE FHEEAMBA /N (HEREFEA) . A SRS TR

THIE s SRR Xo EXFHIE T, RS SEREAMEA N, AS51E MR

L= WP ARSI RE AR, 5 Y k. XFERLRS5IEIRENYS
[ EASR o JXFf OLS fili i i iR PRV RRAR e A 1% -
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UL TSR B AL T IR AR RN T AR AR iR o AESEERTR B RO T R
BHEA, XL AFEARATIEIN, IR S,

5.2.5 W [n) RIS

NI, TR AR RN X 2] Y, B X S Y. (HE, WRFRKAREMNY
X Wer e, XFY, YWATLISE X, Xt mERE R XA KRt S8R %=
TS EHEARSG . FHECEA L A AlA SR RERECR -

Yi = Bo+B1Xi+u; (5.2)

Xi=vyotyYi+v; (5.3)

N3 (2) R XA SR Y IR, 243K (3) M /e R o B4 —"F u; NIE, B4 Y
SR T BT AR OC R AR, BER A Y S0 X B9 M JnsR o ok, AR YOloR Xﬂiﬁﬁg,
W2, Xi 5w §RIEFTE . cov(Xi, up) = cov(yo+y1Yi+vi,u;) = yicov(Y, u;) +cov(vi, u;) = 1117(?731

R SIRPS

BT AT DA R RS [ i w1 . T HAS R RIE; REALHI L. TA1TEEE
A RA

5.2.6 OLS FrifeiR A — 2k

AN BRI 206 A AT UM AR KR 5  RI{E OLS Al T2 — 2y, FEAHAR
WARK, H2AE—BuntrEir s SEURRE B EEACPA SR, HUEREGEXKAEGE
BRI RANSEE.

SlEAE— bR, EEAWAEEA:

1. ®Ii%

ALEGHH A A 2 AT =R R (HE, WRGFAERITE ., ARMERAREIE N (5
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FATTHG IR SMEBA RAE R A A R RE SR B T/ NIRRT 5%

5.4.1 AMERARCE

I AT PR TR A A P A St IR R I 420 27 PP 2 D8RI ZROMUASERT I8 20 B 52 e 2 5 e
— RIS e M ——RI2 U, X TR ARG IMRARIE? A2, FATHIER A
AR A 22 DX A N BRI REHE ) 22 HA

1.2 T4 T —FhRIE N AROERY 7% O B IR AT S RO 25 2R . AL,
FATHER TS — AN —— 5 B P TN —— R R S A AR I A5 20 R Y [ 9 45 SRSk 5 T
MRS A (R 25 R BEA T X EE o

BARER. Hob, HEARRE S, M IHEE T B A A BE R, Hok, Hm
IPEARR TSR, g 1R,

7 5.1 PR

INFIFE R YT

YIE  WEZE BE WEE
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- 19.64 189 17.34 228
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HiXSEBUN (T9T) 1532 7.23 18.75  5.81
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S BIMBCE Z fN . EERNTIFATE RS2 H AN ER (B2, XK R
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6.1 THIREIE

PN — PR 2L AR S .

AT B 3 B 22 SOOI o

FETHE AT

FERAREE T, A7 n AWM EIC/AMA, A0

A TERMIE (T=7), 48 x7 =336 A,
TG PSS 3 e
(1) ~PHgIHAR ., RIFEACREE— M, SR IEANE ., Wi 1 AR

=

File Edit View Data Tools

Hl T X SREORERRESRE, R TAR § 2R, IR ¢ Fm
IR0 AR Y 55 S S Mol 2 TR . B & 2 48 A (n=48) . &I

Sd® aa/H3 7-
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6.1 & A
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s Az 1983 1.9 3.8901 4.83107 18
10 az 1984 2.14 7 3.8226 4.74461 19
11 Az 1985 1.86 s 3.7562 4.65971 21
12 az 1986 1.78 €.9 14107.33  €0.2801 37151 3.691 4.57632 21
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b T3 B A F R D R IA O I EIPLY 13 f5. (3 FRERX SR IEE T E . 2009
FREELWEEIRME 313 Tk, Pl zss 42 . 2010 4, 2EELRZEL 8.7
Jikg. 2009 4 1-8 H, $Lk4: 3206 82, iEpk 1302 AsbT>, Hip, W/E2Z 455 2162 2, &
Jik 893 AFET; W2 4259 1044 52, i 409 ABET-.)

T FRATRA G I BEBUF i PP IR 17 B EUOR 2R A 2 KRR . AT
KHarp s FESNMACEFEERP I ZBORE (B E %A EERD) « 30
FET-FEPREHZET 3 (virall) ——4 5 NAFESGEIET N BURTEPR RS I, (0 s st
(BeerTax), H.£id 1988 4F i ik AL T K 52 bR s F o

3 I T 1982 AEAZ AT - Z GG Bl (A B e B AL & 2o BIOSUE E B — > Rl
RIEE 1982 L5 ERFE TR T Z. NEF, LA T RSB IEM . BIASERMT

vfrall =2.01 +0.15BeerTax1982 (6.1)

FURER TR, ERRHRECN 0.15, tZeit &y 112, g@ii, SEhRERRI A%
HURER A I, AHIZAE 10% BYZKF R AR -
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Y1 e
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0 1 2 3

Tax on Case of Beer

‘O vrall Fitted values ‘

6.3: 1982 fEAZ AL TR S Pl

MHUS EFIRIEEE RS, X EREPA R A A4, RATHRE R 1988 fE1945
HE R EMESLanE 4 fs. BIHJTRET
vfrall =1.86 +0.44BeerTax1988 (6.2)
1988 445 R Eon, WkSBIIIRECh 0.44, H t Zeitith 3.43, b2 vis B it
TRAVRUVAE 1% YZKF N BN IE.
AR, 1982 EH1 1988 R IHEE AT E S, BRI B REBI N IE. WFHERH
fift, SEPREREBOM S, SCEALT RS . XL SECRR M, WS IR, B4,
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1 15
Tax on Case of Beer

|o wirall

FMedumues|

6.4: 1988 AT AL T R SIS Bl

AEHUARE: R B IE T
SEDATIEN ! Py AT R R AR RIR A R R . TS

MASMALT 3, (HXOREGAERIAPIEER: R4 AR RN IS ST
EE EEREE S MR NS E S . XERRAATRE SRR AR WRENS
WREFLAEC, e SEUEH S5 RAF AR IR AL S 1% o ﬂ@lﬂllﬂﬁiﬂlﬁmf i 1F 20 ZE DU
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T SRR AN ] I 1) 5 e At AN BRI AR AL, R4, FRATAT LAE 55— Fh U7 2 Rk it
TAE R iR o TR 71250 2 ] s R A B

6.2 [ &N Al

6.2.1 Wil i

FERTTE A R, FRATT 500 1982 AEH1 1988 FERAIEHRIE TR B4, FRATHAE
W FRARES GAE R, TR — WA AR (n=48, T=2). XFERATHEAT LUK 1988 4
Eﬁ%ﬁ%‘ﬁ S (BETCR) 5 1982 FFEHH T W@, FEART MM RERIEE (PR R 4E R
s FERAEEE AT AR) I, FRATRTE TR AREAR i ™ 5 A8
ﬁﬁ Z; IR 1IN IBAL TR AR, BAARER A4, [ B IS A FhR. AR
Dy TR AN PRI TR 22 Y W ST T AR AR SR TR H 2
vfrally = Bo+ B1BeerTax;; + B2Z; + uj; (6.3)

b, wy, BRFEVLIRZTN, n=1, , 48; T=1982,1988.
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AN Zi ARERTIASAE . that@id, EAE 1982 41 1988 22— HERY. A4, fE EiAIRIA

JiRE (3) T, FATRTLAE LM 1982 4F-1988 AEALT R AL RIFER Zi (9N NECFEIE
HokA, 1982 A1 1988 4R [ 5 #5331 4 -
vfralliosa = Bo+ B1BeerTaxiosy + BaZi + ui19s2 (6.4)
vfralliioss = Po + Bi1BeerTaxi9ss + BaZ; + ui19ss (6.5)
RE, Tl (5) gk (4) HORIERR Z B2
vfrallioss — v frallios: = Bi(BeerTax;i9ss — BeerTaxiios2) + (ui9ss — uirvos2)  (6.6)

M (6) ARTLMR B i ASATULIN R 28 BARFE i — M BT, (B2 EASTE
1982 AR 1988 4[4 5, FUL, EATHASRTIX A AR I FET -3 AR = A AT 5200

kil BB R Y SRR X AYAE A8 AT DL BRAS b IS )28 A6 B AR m)
IR, T T BRI FoRUR i e B iR o

5 2P T 1982-1988 WA I HUS RN A 4. B, dvfrall 2 1988 £E vfrall 5 1982 4F
2 7, dbeertax [F]FH,

* *
__ *
*
< 4 2 dbeertax 0 2 !
|o dvfrall Fitted ualues|
£ 6.5: 1982, 1988 FFAZiHAL TR 5B
VYIS
Vfrallilggg — vfrallilggz =-0.072 - 1.04(BeerTax,-1983 — BeerTaxilggz) (6.7)

[EERECN-1.04, H t ST ao-2.93, 15 1% [KEBE . 58— aEmEdE s =
o, B EIASE R IR SERR IS B AU A B s AR e, AF S A e
IR U P TR R o BTG RO B ER B T AR



6.2 B R R )3

6.2.2 & e R AT I

N T AR AN RIS A AN P WA AT 27 R R I, a8 [ R B o A Y
T BEERENEA 0 ARG, N EAE e XS R DU — MR R (T AR )
ReFon o 1M A /N B IS [R) 222 s I 2 5 MR 2 Rl X e g R A8 H A
FATH Y M X R RN AT RS B B4, FATATLUE (3) E L
Yie = Bo+ B1Xit + BoZi + uy (6.8)

FAT HI g2 AT Br, RIS BN S AE T3 S, AR TS P04 DX R AR

Zio N Zi AN 2 R1ZEAL, TASKEIN RIAE AL, BRI, FRATAT AL @i = Bo+B2Zie (RIIL, (8)
AL

Yie = B1Xir + @i + uy (6.9)

(9) Kt 2F BB, FEFENE, SR ENEZERERX T N2 A [H
Y, ABZ R DM SO R EAFE R . KN ap 2 BHE MR 1 VR0, B, BgdcosAs
N hrey s A
FATEMZ—TF A (IS , IR E RO B A AT PO A RE AR ok 580
B, mii=1, & D=1, SN 0; MR i=2, & Dy =1, WK 0; FEH. HTH 48D
N, B, KE 48 DB R . (HEN 7B E&EbE (RIEe 2 mteert) , JATE
MBE— AR (FEEMERRIA) o L, (9) AT :
Yir = Bo+ B1Xir + yaDoi + -+ + ynDyi + uit (6.10)

o (10) 3CHIAL, Bo, Bro v, -+ s vn AR T REL BUE, FATRXSEE—T (9) A0 (10)
A (9) rh, BB — P XCRYEEE N @i, £E (10) 30, S — P XHIEEE Y Bo. KRILL, a1 = o,
LACHEER A58 = PSR X AYRETN @ = Bo+yio WALZDL, (9) F1 (10) 2ZEHrHY, [H
TERMASTUA PRPFEIA T AR PRIZGAEI, BT X R R — R, AL E
RO AT/ R T R A AN RO DX e o o

REATRERGRE], B E E R AR A B &l WM R f il A b o B H iR 22
BT[] SV SR 22 o0 ml U e R TAT,  FRATIARSE R [ S S8 AR A il T AHHE B o

L. A o4 e

(9) AP FEAEATNIANER o, FE, AREESAEH OLS. 1 (10) MHE EdFal LIE
A OLS it (H2 i T HA ken M2HC (K MR RRYRE n-1 A REIAS e R B0 —
AR, B, — BEAMREGE AR R, LB ARMESL i OLS fh it (FERFri A\ k+n
PN SEYF, MAEA T Stata, EEEA LUEEATHIMIEIAZR . N, RATHGEF stata
FEA T E RS B ) T A R R

AMREIMETS: stata — BRI T :

B, BAEREELAEE R IE.

it 72 (9) Kb, WA Y IAEZEEIEN Y = § 0 Yo, RS X
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6.2 B R R )3

B SKE. H Y WEBIME, Y -Y, XFutE L. Bk, ALq3s)
Yie = B1 Xir + iy (6.11)
520, fhTE B R IME R R .
A2 A T S5E ] 48 AP Sl AL T RIS B R A A L [ 2 R B 25 5 -
vfrall, = —0.66BeerTax; (6.12)

vfrally; = —0.66BeerTax;; + q; (6.13)

EICERATERRNS, EIAMREERUY A IS T A g, BT A AR 2 A, ib
A A BB 5t AL L AN PRI A A it DX A A Y TR 3R
TL. I I 1 52 R
FTRE EROV, B AN E R A BE AL, EER AR AR FATH S, %
s B, AL TR [ E R (A
Yir = Bo + B1Xir + B3S: + i (6.14)
5 BB MR BRSO AR, T S, AR XA, RBER AL, R, 4 A = Bo+B3S:e
A2, (14) AFTLAAE N
Yie = B1 X + s + uiy (6.15)

IR, A ESERA R, B A U R OB RER R Y BRSO, AR
s T I 5 R o
[RIAEAY, BT E RO AT AT PR R T2 — 2 I R AL s 5 —Fg (15) =

vfrally = —0.02BeerTaxj; + A; (6.16)

TN R EER N 2 5, BiREHEERIF AR E
T FRATTRE A TR AR [E] 5 5007 A a] [ 2 50 7 A
Yip = 1 Xy + a; + A, + ujy (6.17)

5 PR RE R A SR A R] T [ S R AR [ i G AR ) SRt T AR T KA (R
%
BB, Y R X o el EL A AR AT (R )2 1T 4
R)E . AWK ZE D Z JRHIREMEA REATEH . A OLS fh i1 R4
MR BB AT R Y X SURE AR ERE, SRR TR E LA b
I fe & AT RN o FHIRXRRT AT 2RI ENH 2 RN
Yiy = -0.64X;s + a; + A + uy; (6.18)

[FUHEERAE 10% BYZKF- T 235
H: —BRF, AR IR #R T R A R RN AN ] [ 2 R, PROA X R] ATHER A
ORI P I i P A A A AR A Y PR 36 i A 2 AR I W28 4 1) PRV 3R T 5 P i
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6.2 B AR =2

AR, AERRE (o) JZi. B (R Em B, 105 R I 5 1 2 0%
A8 I 5 R AT 1] [ 5 R o

IIL ZRRAprifE iR

FETH AR, FAT RSB MR Z RS, (B MR NG, BT A A
[V RSINE , PRI E ATz Xl R REAEAE AR A BB B AR SR B e SR SR . 3
AUEMRE DRI u Al RELAFAE B AR A IR, A EdE 8] T 1 5705 ZE AR @ bR R A 7
AR O T IH BRI (B A PR R 22 0 AR IR, AT S s 22 - HARSR— 2k (HAC)
PRifERR, AR RIIRUERR . BT LIRA R S5 AR 6 SRR iR

HE: EECEE R, @ AR AR, BRI A R ARk

6.2.3 i1

Dependent varlable: Traffic fatality rate (deaths per 10,0000

Regressor n [ kY (&) i5) (&) 7
Beer lax 0.36** —066* -0 —i.45 —{LG0* —0.46 —0.93**
(0.05) (029 (036) (0.3} (0.35) {0.31) (034
Dirinking age 18 g — (Ll 037
(0070) (083 (0.102)
Dirinking age 19 —LO1& —(L0Th — 065
{0500 (TLDGR) (O
Drrinking age 20 32 — {0 Wy —0.113
(051 (1056 (0.125)
Dirinking age -0.002
{0021y
Mundatory jail s fL0ES 0.039 0.9
or community service? (103 (112 {0103y (0164
Avorage vohicle 0O0E nmzs 0009 0124
miles per driver {0007 (uor1y {LOHITY (0045
Unemployment rate —{L0p3** —0.063* —0091 -
(L013) {L013) (0021
Heal income per capita (W 1.7ge 1.0k
(logarithm)) (54 {0L64) (D658
Years 1982-88 1982-88 198I-8#8 1982-8E  1982-8R  [9E288 1982 & 1988 only
State effects? o yes yes yas VS yes yos
Time effects? o no yos yos yes yies yes
Clustered standard errors? oo yes yos yas Vs yis yes

F-5tatistics and p-Values Testing Exclusion of Groups of Varlables

Time effects = 0 412 10.12 348 10.28 3749
(0O0Z) (= 0001 (OO} = ROy (= 06N )

Dininking age coefficients = 0 035 141 042
(CTES) (1253) (0,738

Unemployment rate, 29062 3094 2520
income per capita = 0 [ = i) {= (L0 = 0

R ol (LBEY 0.891 926 LB D926 LE A

These fepfessiong wele estimated using pancl dats fof 48 US. stutes. Repfossions (1) thioupgh (6) use dats Fol all years 1982 1o
1985, and fepfossion {7 ) uses data [fom 19682 and 1988 only. The data set is desclibed in Appendix 1001, Standard orfofs afc given
in purentheses under the cocflicicnts, and p-valucs afc given in pafcntheses wndet the Fsiatistics. The individual cocificient is
sintistically cignificant at the *1006, *5%_ of *#1% significance bkevel.

] 6.6: ZTIHAL T SRS
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%79 TRARY

IEMNEE AP, — A HF I AT REFAER B R RS iR Rz
PRI B E AR FEARER IR BT EMTFIE. S HASE S 2 TH
BRI Pt I A% b A 1 1 5 2 T A R AR SR SR o 22 T[] U5 b % st Y A% B 4508 ]
TETE s TR AR 5 |\ (8] 5 2000 A ST ) ] o 20 SR T g st e 22 F S AN T L ELAR T
o s [ B — 2 PR AR A B ) AR B 1% o

—K, LIRVIRMEE DL T A Y TAE EA R s I DR AR B (X)) AN B AR B
(Zis @iy ye)y 2R, AR SRR ZE AR ) BRLER I 5 [EE A9 TR, AN RE B 25 0 1R JH R T AR A A
BEBM . A4, BRItk A, IABEAEMTT RS A Wi AR EIRZE A
R SR [ S 2

T.HA% & (Instrumental variables,IV) [B] 55 24515 X 5 u AHICHY SR [B]H pRZOR H1 R 5L
— SRR TR IV B0 AR O ORREE B X A sh i iAo —
A HIRET u iR, H—ANESSIRET o A GERBATETERN B 58K H
W, IBA, BATHATLRRETIRETICRME 45, E351# OLS fhiTHRiRm
E—iBAr. IXLERAE X A, HE u MHXMNEGREE T RERIET — e M HAAR L, X
S BN T HAS B (V). INF i E, XA ey TR B X ths u TERA0H
53, MIARAR ] E R B T B — 8.

AL, A A AR B R VR R A W

7.1 —JohA 5B T AR

T, BAPRER LEAREN M WRENTA—MARN LEA S T, B4, 38401
AT AR CRAR B A SR AT XY IR . 11 Y FoRgEHRAS R, X SRR AR i,
C FoNiRE R 1, B4 BB

Yi=Bo+B1Xi+ BaCi+u; (7.1)

WAER RS, FRATTLIF50A G B8R, ik, RATeBzfT T oI RIHT#

Yi = Bo+piXi+v;

vi = B2Ci +uy;

AN Ci 2RI IR T, Cov(Xi,vi) # 0o BN, AEBFHIWANRIE PR, S NRED S A A
R AERIATE R T AREST, ARRIREIH AR B 2 i T s A B T A e R

NI, DUE AR R T

AN T RAR L ALPUE T AL X, AR Y AR XA ERE Cov (1, v) =



71 —A® 5% T A%E

0, MNIBLEA S SRl XMW, FATATLIE H T
Cov(l,Y)=Cov(l,Bo+ 1 X;+v;) =B1Cov(l,X)+ Cov(l,v) = B1Cov(l, X)
A EER LT R R T2 Var (1), 153
_ Cov(Y,I)/Var(l) _
Cov(X,I)/Var(l)

VERE, ST RASEA Y XM TR EIH G B LAY M. S bR
WL RE 7 BENE A ERAR i X O T HAR G T RE, B TR X BY5EI. BN B
R

Ui — R R P

1

5 > oy a4l oY
1= = =

7 <91 “9x " ox

BOARELREE T, SRS B, (RITEURN, HOREILE X XY
BN, [ AR T IR T BRI, IRRTR, RAA SR E
XEY WP, ISR TR R LRTY (RS20 . AR5, SR R X Uik
S TRF Y OB, TR BT HAY X Y O

711 EEXNBNRLY: BAEFEEN THERE

TH, ARE—DAEBN TR RN EENFAFTE. @, M E—H—
HE 17 6 ARSI/ NF1H o TR MMEEIRS], ARLEAEFERT AR/ INE T HEN NS
WK —%. SHEE, LFEHFEME, 16 SHFVEARERZ LFHAEF . Xths—14
ME, E—FREH (BB HAENZ RSB ENFEREE S T A F5 (4]
m—ZF) HAENZT.

NIE, FRA{H ok §H Matheus Facure Alves(2022)F % i 8E——10, /2 Angrist and Krueger
(1991) HZABSCHREY IV B s . IXEFARER S T8 LTT log_wage——45 1A E, ZHH
WAL [, JAELE I AEZE quarter_of birth—— T HAR &,

R years_of_schooling
H AR AN AR M

* Stataft
insheet using /Users/xuwenli/Library/CloudStorage/OneDrive-/> A /DSGEZEH K 2 ¥
AL/ HF KNG AR/ M Rl & 4 57 % ¥ 45 /python-causality-handbook/causal-

inference-for-the-brave-and-true/data/ak91.csv

sum log_wage years_of_schooling quarter_of_birth state_of_birth year_of_birth

2R corr(Xi,ui) # 0, OLS fliitEm/2dr— 2. AT nl LU THAR R L Sk B X
5w TERHIE T o
AR S IRZE w i, FTLMER R K N AR BN &, JiE SR ETUE R
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https://matheusfacure.github.io/python-causality-handbook/08-Instrumental-Variables.html

71 —A®)aLET A% F

Variable Obs Mean Std. dev. Min Max
log_wage 329,509 5.899944 .6788238 -2.34181 10.5321
years_of_s~g 329,509 12.76991 3.281244 0 20
quarter_of~h 329,509 2.506429 1.111922 1 4
state_of_b~h 329,509 30.69265 14.21838 1 56
year_of_bi~h 329,509 34.60277 2.904956 30 39

[l 7.1: Bl semtid

JEESREMT R . XML T VB EZ iR, A AR MR A g, "o
AR R ANIE o X AE ST DSGE Flrpif 2 W2 o

AT T EAZ R[] e A2 P A 25 F

(1) THABMRMEMN: corr(li, X)) #0

(2) THABHHMM:RM: corr(li,u) =0

THARMRMRN — P TR ZEE X &K, THERIMEMEERN TR
FME T X tpoMEZACHI o IXPIA AT THRAS R E R 2,

7.1.2 Wik BB/ — 3 TSLS

Wik Bedse /N — 3 (TSLS) 2 HRAbTH IV A TR 5. IEANZIT AN AT RTA, TV Afiit
FrE P BT A R A
BB B, X R ER S AT RE S IRV R B T IR ETTC K 28 —F 857
Ak, 66— BB X THASR T [A)H:
X, =mo+ml; +v; (7.2)

AN (2) B X g vi Ml mo+midie T L OZSMER, B, mo+ml 5w TR,
MR T vi 5w #HK $EHG, FRAOTATAUHFEAREAEAG T 20, 71, #8)5 ML OLS ARG 2] X
TN X; = Ao + A1

BB P SIRZETUC KAV Ml Bro al/EE, ¥; Xt X; [BUH, FIJH OLS fif
T RE, pE{GE] TSLS fhifht, pISLSpIsLs

L K

T, FRATME S E 48 S 1985-1995 AF Y A MHAH & AH R A . FRATT X Lok Al 1
IR TF R . TR R— &R REHT RSB AR AR FFARTE D &
O, B MM AL BB MEL M5, P, SBIETIMNHS.

TEHFAT TSLS Z 7, REEEERT THAER AR, Wi, FATESN THAZRE
A RIS —— MR MR A E M. 5T, AT RS, i iE i e it T2k A6
1 THA RN AR b2 mr, RITERERERHEEREGMR/EN— AN TR &

e, THARHEXME. HERME, THIBEMSoiE, B4, HEBRSHHEMN
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72 IV ® )3

K HEHA MM
Hik, THAEAIMEME . —fekit, #ERESINZBEART, HEiXFERHFAT
AWM RYE, Ml TERREE. Fi, FTOEAT LA ERUE M ER
M4 _EaR TSLS 1M B BE, I 1995 419 48 NI E R, FRATERE B S —Br BEIH:
In(P) = 4.62 +0.31SalesTax; (7.3)

EIHZE R 1% 23, mHMEFER I, HERRGE . BN EGE . BlIHT#E
(4 R* = 0.47, HogtHEd, %ﬁﬁgiﬁgﬁﬁbﬁ§$%?’47%aE@%&iﬂﬁ?ﬁ%@i@ﬁo
BB, H Q%) X In(P®) St rEIH . [HHZE R 2
In(Q"%) = 9.72 — 1.08In(P") (7.4)
AR, 55U ETN n(P) . BRI B L2, B
£ In(P), TR In(PY%)., P, TSLS (i
In(Q") = 9.72 — 1.08In(P") (1.5)
TSLS HIfiiit£5 R Bon, FM T RE 2 E AR MsiEs 1%, FWFERKE %
1.08%.
MEEVT . Fiv ANYFRATATDARGE, Eid T 4h SR nT GEAFAE 1B AD e 1% o

7.2 TV &5

FE— ALY IV [EE R R, SE SR PR R A b AR AR Y B 1 X
SMERRREASE Wy TR L — 8ok, A TNAMBEER, 20/ MMRE RN
24 THA

A RECRAR IR, IR TR R AR A i — R 2

[ AR B, IR TR R LN AR IR ;

[FH RECE B R, AR T HAR S A AR R A A /D

MR IV A, 2O 5NAERPEY (WERRER) HEHTHE

FE IV bl S SN el s il A 2 o 1 iR T RAR S IR E TG .

/AT (LT 28R IET " SociologyOfDrink " 35 2 A5 2018-01-05 M5 AR #2 il 4%
R AT ) A ROE AR AR, (R Gl AR, A2, (B AR
EWE? — ORI AT H T2 i RE AR A I 52 I B A A 2 5 R 32 & (confounder) o {H
2, HNMERRNAEFESWEHERANEL, WX Bea s~ wieaEtl. BE 8 0f
RICRRERAP S T 2 piEh AL e MR H A Rl SRS E Rk H f R, A
RO, BOALEEME . EESIERNGHIRAENIE . XL AR MEARE ATy
PP NI, BAMEEAR, HIEEH BRI, AR AT E 0 Hl?

MRPER —aR A RIRR RA RIS, Al LAy LU LRI DL ie -
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72 IV ® )3

(1) BEAR IR, SRR iR AL 5o IRZAE AP R R UL A I, 1
MITESRIIAARL (B0 R B Al B SR SR AR A B AR RS B S MR35 .
JoZRE L NASEARL

(2) SN A b ) AL o XSRS R S R AL S O BRI, AN M B TXT AR
AERMRIN T, HIRTCHR AR b il

(3) HE N R AL R A o X R B SO AR R B ME, A2iE
JRaB A b, To s 1

(4) BURREAL SN, SOP PR ey A &, AP/ A8t (mediator) o 25 EEI AT R
SRR B B R A R R AR e 2 N RE (PEREESE RITCRAN 7)) . 3X Al
T PIFME DU SE - A ARIZ T AR A E B A B TR A ) SRR o A 4w, A
AN S 2 L AR AL b O 52 Wi DA e vl 5 M 58 DA EL R0 L 17 T 0 Wi U e A
A, ANTTTESS T BATTR AR A SR AUV O A T s A ARIZ o A AN AE BAT TR R IR
REESFT, IRUROZ R, X B AR R IR TRt B shHERRSe SRR R 2 i, A )
T AT S RIS

(5) H8%, A, ZBFIHRARABRIRIR, BEZORIMARA L RS 5 &
PRI RS A IAT 20 N, I, SR A 22 T4, W AATTRGE I, & o

R L EOR A A

7.2.1 TSLS

LEHF R A — DR e X T2 AN MVEAS R, [BIH TR N
Yi=po+p1Xi+BoWii+-+ L1 Wi +u; (7.6)

WHTATE, X fRESIRETUER, W A SR
HRAERTSC TSLS RYBBrBE. 58 —Fr B, M X SEramsMER E—AM R
W ORI A& T TR,
Xi=nmno+mlyi+-+aulpi + Wi+ + 1 Wei v (7.7)

FE TSLS (88 B, Je (7) bty X kBt (6) by X, SAJE#E(T OLS fit.
M, 3218 Bo, B, - - - W2 TSLS Hfhiil .

(/i1

Lo fEBTE— W BEIERE, BT THRA RSN, Frar st (Sasflieh) et
SAEHA . TS BRIt T e S IR S R AR

2. YEZAWAMBA R, H—H B TR R R AW AR R85 e
W THEAS AT, S8 PRSI A A THE BN 26 B BERDA F 35 TSLS fil it .
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7.2.2 fil5: FMWATR

FEB—IE AT R, AT T AR R (R 23X T RES AN A R i, 51
NN AT BERE S I TR R, 5 e B0 ﬁB/A Lﬂ. 1T T AR MR
AT . Ik, N, BATERAFR AN NTK . TSLS 114550

lﬂé?ﬁ:943—1imngf%+ozunumw (7.8)

L TE A BT E R A AR 0.37, SRR IR, At R P AR AR AR b B B — T
HAR . BT HYERUEN TEARZ AN, BT LA M A R fBL . R, iXFPRLE 28—
FTRERY T HAS b o MHERE PP (CigTax) 3R a& MRS, PRI AR DG 2% 1R,
RESREMIK, AT EMEESME FH, FAAWA TR EREY T TSLS
i, fhirgs T

ln(éf"g ) =9.89 — 1.28n(P{") +0.28In(Inc;) (7.9)

AP IV RIS TR BRER N 025, HuE (9) A0 (8) RIFRMERR, FATATLLEH, (9)
FUbRIERREE (8) NFE T =2/t X2RN (9) AFMH TEZHEE, ATV T
EPN: gt B

W2, LB TV AR AN ? RGHE, FATAREL SEIE LI RET, RA RIS A
TIVEGAER. WL, IV AR S —— AR SN ENE b A 5 o

7.3 qfark g IV BYA R0

FABIE IS 48 SJHI 1985-1995 FH A M4 & 85d o FRATBRA TSRS E, A

ﬁtﬁﬁ%ﬁm MRS TN, I, A TB ARG B A 2 1n(00%0) — In(Q% ),
MR ERTRLZ 22 (P os) = In(P{S ) TN 22 In(Ine'S o) — In(Inc{ o) o BT
HARE 2 SalsTax; 1995 — SalsTax; 1985, CigTax; 1995 — CigTax; 19850

ZERBEIMAEE 1, B PIESEAE RS, B2 TSLS i, ME—pyZne TR
%Kﬁo%*ﬂ%ﬁﬁ FEBIXAD THEAE 6 252 A8 HERuX > TR, %ﬂ
SRS THAR . WE 1 HERATLVEH, =S8R 17810 5% KV T B3
IIE ﬁﬁfﬁ%TF@°XW%?&M@WmIE AR

(D FATEEREER, LRAEREPHRE.

T HAS B SRR BT RV Iljjjiﬁi A N AR RS RO K
YA TV mIHP LS X EERZ . TSLS ffiit e @, Xt ISR, flitah iR
FBHER o

THA AR X BB/ n, X R CHRA ROy 8 THE & Eiﬁ%@?¢
NSRBI A A B B E oy TR AR &, XA REE 1598 TR . REX T
BHOE, BRSNS, (HeEFHER, L%ﬁﬁﬂ%@ﬁ%%¢#ﬁm£%ﬁﬂ%
gy, PG, PREGRYAR SR Al sE L REMPREMN AR L 3 i — /N g o LI, B ER B T RERILE —
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Dependent variable: Traffic fatality rate (deaths per 10,0000

Regressor i F (3} 4} {5] L&} (7
Beaer Lax 3+ —(eh*  —0dt —i45 — (L — .46 —Dg3**
(005} (029 (036) O3] (035 (031) (0.34)
Drrinking age 18 o —0oi 037
(omdy  (0E3) (0102)
Dirinking age 19 —0lE  —OThH — 05
(0O50y  ((LD6E) { Oy
Dirinking age 2l ;32— —i113
051y (i056) (0.125)
Dirinking age — .02
{021}
Mandatory jail o3 fLIES 0039 L
or community service? (pd) (0112 (0.103) (D162
Awverage vehicle 00 oy .00 0124
miles per driver (oo (luolly (LT {004y
Unemployment rate —DG3 v —[L06a3** — O] =
(lo13y { (L3} {0021y
Real income per capita 1.g2ve L.75e" 1.4
{legarithm) (0.64) (0.64) {058y
Years 198288 I992-88 198288 198288 1992-8E  19H2-88 1982 & 198E only
Slaie cffects? [Tl VES Y5 ¥i§ VEE Y5 Fis
Time cifects? i nick yios yos yos YEs yos
Clustered standard errors? ni YES Y5 ¥iu YOS Vg ¥is

F-5tatistics and p-Values Testing Exclusion of Groups of Varlables

Time cffects = 0 412 10052 348 10.28 3749
(OUO2Y (= 0uO0ly (Do) (= 000 (= 0 )

Dirinking ape coeflicients = 0 035 141 42
(L7E6)  (253) {0738

Unemployment rate, 2962 3196 2520
income per capita = 0 (= 0.0 = L0y = (o
" R (8D 0891 (926 LE93 0926 0_#94

Thesc fepfessions wele cstimated using pancl dats for 48 U5, stntes. Repfossions (1) throwgh (6] use data for all years 1982 o
1984, and repfossion { 7 uscs data ffom 19682 and 1988 only. The data st is described in Appendix 1L]. Standard offods afc given
in purentheses under the cocflicicnts, and p-valoes arc given in pafentheses wndeT the Fsiatistice. The individoal cocificient is
statistically significant at the “10EG, *5%_ of **1% signkficunce kovel.

[ 7.2: F >
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7.3 4o ATH I TV 69 30

HTHRHZE. o, el — > THEREAES TALRE? RS THAE R, 3]
ITAZ /N (5t

LFHEZNN, TERRIIERZEUT KFEAREM . RS THA R, 1k
I AANE TSLS A SEkE Ay R l, A2, TSLS fhitEm A alfE. Ao, TH
BEMRMREA 2 KA R R X MERRER, HESEHE, 3]
FESL B A — SR B A AT ] -

Kkess TRA BRI : S PNARBELEN, ks TR A2
TR TSLS SB—Fr By F Zitie. S—Mr B F Siit 8o /e TR PR EERM 7 —4
AR SRR A RE ML, F ot Bk, Sianed; RSB F Siitak
T 10, AfpfEss THAR; WA/ 10, g THAR.

FATIE 1Tl DAES], =4~ TSLS gy[EIHERF, —BrE F geittasrnloh 33.7,107.2 1
88.6, AL, FATERZN LHEA AR TR,

AR BT — BB F et /N T 10, Witk yifees TRAR, JAZELE?

InRAFAES TR, HA ST HARI S —SEg. 84, BV AR R 55 1)
THEAE . YEATEFE L35 T B EE, TSLS it rtriEiRa gEe ek, (Hi2 itk
“JE AR R B A AT T

B2, MRREEEIRA, et T AamREs, AP LALE, HEHTA
AHHN, AT RES X589 THAR R o BIMEAE BE R, 30A 2R 38 T HAR R
BUARFARCR, &3ss TR HMASAEMEL . XHE T, AT LT

(1) RTHIABR SR T AA G PR S, MO X R EHA TR Ak 78 iy Al
ARGIINGR, FF HRERE S I AR S -

(2) 38R g8 THRAR S, (HR2ANTT 554 M TSLS, i E At A 3173, BlanARRAE R
PeREIE (LIML) it

(I THRARSMEE

WARA—ANAEMRRELE, 240 THAZR, 84, HATTLIHREL 2 TSLS fhiith (4
PATHRAETE ) o BIAEMWADTEAR, A4, RABTEMA TSLS At AR, A
SRR TEAHGEIMER, B4, & 8. WERBAME TP A TSLS it

FARR R, WA, BATHEARRT Fi: Eoah— A TAREBEARIMER, BAW A
AR R EIRGIEIE T, W ERBIRGIRR () i) w24 T AAE TSLS
flr T AT HE A

B, AR T, BAIGE A H 24> TSLS fhifht, ZARIEE e aair, A
Wi stata PFEHE T GETHE . WAGERSTIRBIEIE, BATIARERLE, SLhs b, IXEER T
et 0,

ME LT AR, (1) SR (2) SIRA—ATHAZES, Kb, AMEET i, mfE
5 (3) Fh, WA THAR, SEERBIEE. Wik, /TR T gilhr, HEERM 4.93,
CIRMARTT A, 5% B FUEN 3.84, Al EAE 5% H/KF M HEZ4E P> T RAS R E A
ARSI A THRAS R TSLS Al 22 ARk T et R4 EOEIRE S (3)

m &t



74 FmrEA B IV Fi =

Il TR T IO IV Alitt, BN IV IMVEMEEAT . B4, IXREsERE M
TH = EREATE? T St i A s W THA 2 /DA — 12N,
W2, FRATAIDAHERT: 28—, SHEBEIMER, BWEBAE, B4, (1) hEg R iE
1 8=, WEFEIMER, HEBRAZ, B4, (2) PR ERTEN; F=, WMHAZE
SMVER, 824, =AERAES T E S EERAT S

THEGCE: St eI RS FIRA I —MrT 882 IEA AT, X iR 2 A AR R
T 25 DL R &7 BLig 5 argue.

7.4 FpTPEAL LAV B IV flipHE

7.5 WREE 3 SRR T ELAS R

ESLEErh, IV A SRR AR T HA . BRI, (HR A Wik S
T

(D) EIFET IR T HA §r . Flan, IV [ A& BIZE P. Wright (1928) 1@tttk
TR, AR I 50 IV AR R Z s, mariitathdattsh, Kk, fib
FRARE] AL X ) RS E R IV . SIS R i I 4T 2 4 R o7 . fEI%
NI, AR E TN AP A R ARNER B, ARREMEH IV flit. G, 4%
IV J5 7 R B R Le AT, XPpy Rkt 2 BT (GMM) o (B2 &5 Ee Kil%
HA S RER B — AR IV,

(I) foig THA . MIXFA K, BATELFIHACLE S A AR R A i AR L R AL
FE, MIXLEREHLE AR B H X ARSI oA it

EEERME AT PA R T IR TR RS (23 (2021)) FEE:

T H AR BB R SN RO D P A5, DRI SR T AR Bt — MR M X R 25
Wk IR S48 T EAS B BB a0 F

o M. HIFHTEEIAK R BEWESAREER. HAEMER S S ERLE . (EtaZm

R N e U NI A P e s e I E P

o IR RIS U5 NS ETFERICR,

o AEFEIIG: AEEHWMIAGTIN G A B R REHLIE

o ffiFHHE S ERWAZRENRERT RN TEAF: i, #F5R MRS RAR S0l

N, GDER S SRR R R R KR, Eiait A gENAEE . AT wRNAE

M, VEE A R — X HE R R4 BRI RS K AR G AR i T B AR &

A —F TR T HAR S, FAEARET2RUESM M

o PNAEAR BT fE .
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https://www.lianxh.cn/news/946348365bb2d.html

7.6 Stata #p4~

7.6 Stata 1y 4

FATERE AP 1y [F PUACHRY.
BN ——& /R T B B S A 5 i

HEFERISBAR N 20 FhEad

7.6.1 FEFRMTHARR: WiREHFAERS

BARFIACHL T Scott Cunningham (2021) : “Causal Inference: The Mixtape” i 45+,
MEE FERRA WA SZ I Card (1995) FGEH 55 s &5 2g Al AEE RN, T — B :

Y=a+ (SSZ +’}/Xl' + € (710)

Hrp, Y FORINITEL, S BRAFHFER, XZIMEWERER, e 2RENT—HEN
AL S AREST, BT RED S ZEEFRMER, XEWE LIS TR 2GR, N T
fifPX AN FJAE, Card (1995) $th A THASTE SRS, RIS R A5 AR R I A REAAL ok
VN2 A A IR THAR

EICAF R PN A R SR B E )72 i, SR M2 s ) G, 28w,
TIIAEGN, INEHLAR)) . B8 A AR A A RS AU 5 A] LME N %
HHER S p THAG? KEEMSIRE —NERE : QBRI AT A4, (L2,
XA ERBAIIRA A5 FATHAER, BRI, AR, I IHRR IR —
B, AR =, PR EERERN ., FrUERIOE RIS iieZ BRA . A
2 SCEBRAEE U, B AR 58, BOUFERSE, FrilalRES i Bk 1 34
ML AR, BEMISE e 7RIS rl REVE——rT REBG N T A ER So 47 1,
AR 2., BA T L6 XA~ REAUAS TR AEON TV SRl oF B3k BV 75 R OLS {1 54T 2SLS A1}
RO JFETIRAL

*x Stataft

use /Users/xuwenli/OneDrive/DSGEZE M KX Fmie/ B F KNG HAa/ AT E ///
ZFEiHE/ AT EZ ¥ 5 code/data/card.dta, clear

« OB 4 RAE T 4 OLS A i

reg lwage educ exper black south married smsa

« i “RMWREHREAFE EAZHTFRNTELL EH2sIS it

ivregress 2sls lwage (educ=nearc4) exper black south married smsa, first

* RFFRTREULFAWRENZHEFREE —H B E
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7.6 Stata #p4~

reg educ nearc4 exper black south married smsa

x F—MEEHNFRITE: IVEHERE

test nearcd

TG T BB TR . WGP LA, 28 741 OLS H[EIHZER B 2 40 F 4R
BRI, TR 7.1% of, AR 1% HEFKCF TR, =4 2SLS K[
SRR, ZHEFREREN—F, TEOEdE s 124% it XM THEERE OLS i 2K

NI RAPRE RS BUNEIHEE R SRS — BB IV [BH7[1College in the county”
e S5REIR, TR RS LA AN 0.327 SERZ B EEWR, MHEAE 1% 194G T 23,
FOsit el 1 15, XEWEF A AL TR R,

7 7.1 ZHEFIXFRAITELH) OLS and 2SLS [A]

A & Log wage

OLS 2SLS
educ 0.071%%%  (.124%+
(0.003) (0.050)
exper 0.034%%%  0.056%%+
(0.002) (0.020)
black 0.166%%  0.116%*
(0.018) (0.051)
south 0132885 (] 13
(0.015) (0.023)
married 0.036%F 0,032
(0.003) (0.005)
smsa 0.176%#%  .148%++

(0.015) (0.031)

FPrE v [mle

College in the county 0.327%#%%*
Robust standard error 0.082

F statistic for IV in first stage 15.767
Anderson-Rubin test .

N 3,003 3,003
Mean Dependent Variable 6.262 6.262
Std. Dev. Dependent Variable 0.444 0.444

FES AR, * p<0.10, #* p<0.05, ##* p<0.01

FEFRAR S HU0H SR AV I A7 LA U B BT BT 2 AT Kok
TENZHEFRN IV, XEWRERNIEFNHRENIT Y (B ERZHT) %2 IV ¥
Wijo 52, AEEMAREA, MIZeAin P AR KRy, A — i Al k3%
REE, XM NREH RAFFAZZIATZ A RANE . (B, A8 = h—
AT AR A O RO TR T BT AR e XA, SEbR EFRATHRIERI DT FEFEA
SR ARLE A TG A A R AR T LA BERERIX 24 R, OISR E
RSNV FEAR SMAFEAR AP EIAL LY. (ATE) , 1 H A T — N m il P A Bk
[ (LATE) o USRI, AT BB T HSRAZEE BRI (12.4%) J388AERATE L,
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7.7 —IREE

Z XS TREAMRMA R E R %308 A i AR A fe- e

| S/ =P N N 1] i NanE WS L R =N - AL [ E AR SRS G N AN YA = Y
Uy, (OLS) EokWge (1) hiFids 1 M AREN? HEXAFES ., GEINIZEK, HHI
N AZFRA T w2 ERAERIG IR . (2) ZZAE FRRAIE R 2T FWiR?
M BRZE AT R EGEIE T 0, 11 2SLS A LMEIEX M4 R v AMIFEAKIEMATH
B2 ZE BRI, R, XA Rz 84, BRI E ARPREX D 50 e ? /i
UL T, AT TR T E AR KRR AR AR A A R A T 2 TR RE S It AT TR A2
HHFER, XEWE KA T AR EE SR X2 EEZAY S A, RV &R br
HERASER T MINEERE . H2, Lhr b, XTSRS, ZErR AR AR
Ko

What’s missing for an applied reader is more discussion and a framework on how to critique an
IV —for example, he goes through the classic use of quarter of birth as an instrument for years of
schooling when looking at impacts of schooling on earnings, where this would be an occasion to think
talk through concerns of different types of parents being more likely to have kids at different types of
the year. There is no discussion of overidentification tests and how they should be interpreted, nor of

sensitivity analysis approaches that allow for some potential violations of the exclusion restriction.

7.7 —LbiRE

Lewis Caroll (2015) Eit—k3f# 3, 440 «Friends don’t let Friends do IV», HHEE:

AL IV BIAD SRARAEZ S, SR Z B WOREREN, 152 Arellano-Bond K3/ A5
AR IV (RSN

B, ORI TH 218 SCHZ , RRERE — MBI RN AT REIEIIREY TV 2 A %Y -

Hk, TCIeREE T A 208 SCHZ0b . Sargon SEAY -G 3a H 2 e BER 0 L o i) !
SN A AR IR A o RAT AR T IX ML, (B EIIRAREU BIARS A R0R

o

=

=, RMEEE XS, WA EWRELE 0.05 H2 0.1 FY7KF N AREFE 48R % o

SUEARAIRIY TV AR RACELEL . FREENEA A, T2 HE BT (EE AKX
Ly, FATEFT LS DID. DLfC. & i dil Al sl [ H 555 R 2 PHiE) o BIRXLE )i
HA S BB, A2 TS IV B . I — A EE S S Wi, REiLEA s
F IV [E] g,

R, ATREA =Fh IV [EIHEA T2 AT LA — T, 1 HIX 28 T HAR i T SR i
AT JUAF Y DR SR AHE B Hp AR A Ok B A T —— B AL LS8 TV YA B EERY. (Judge Fixed Effect) IV
F1 Bartik Share-Shift IV,

77



7.8 #FATH9 IV &%t

7.8 WATHI IV ¥t

7.8.1 BEHLECE %G1 (the lottery design): &

E IV N A, SRR IV AT RERLERENLSEEE . FRATERE — DRI H LSS5 AE N
IV - 21 85—, SR MR+ Bt X BENL LI A WAL AT PR S
HHA: —{7 2% H Harvard [/ Katherine Baicker (‘"> A FT1) , B2 H MIT [ Amy
Finkelstein (/> AF101) . MIRAKE LB A MATN D ANTDL, AIRERi &I, Wb TR XA 2056
A QJE(2012). AER(2014). JPE(2019). AEIJ: EP(2021) 545 % 72 /0 7. 8 Bt o

21 Mgk H4, SEEMEERINT KRN ES A (Medicaid) 1141, MLE 19-64 %7,
W/ N T BRFPIBUR AR IR 22 P B N AT AS 5 azct &l o 3T 5 A AR A AR X fa B2 11 I Fr v
(OHPS) . XM RIZ T LAREAIX 422 T, e d B S Rl 2 A BENL LS O BT, RN
BB XM A T Ik Bie B IE2 5 A MTE R RS IES 5%k mH
Z 51T IR TG B, A AR 2008 4FFLIHH M 90000 2 4E& HFEALAMERL T 30000
No XL LA RIS S EIFAMITRIET g, R g et M i]7REAE 45 K
WA, AREEIX e NN SREER T LIRS BRI M. fede, HUA 10000 ASLfrsin 7
I

XL RERIEE FE EdRE), 2512 R 5 T 7+t kT
REF= A IR SRR, fian, #EFIZY, (Finkelstein etal., 2019, JPE). X454 ZE3 1§20 (Baicker
and Finkelstein, 2019, QIJPS) . X752 /195401 (Baicker et al., 2014,AER) . %212 1 50
(Baicker et al., 2014,Science) « iKW 20 (Baicker et al., 2013, NEJM) . [Z 7 {58
Wh 55 (RO B N f RS 5ERT 520 (Finkelstein et al., 2012, QJE),

VEEEM T IV 58T M98, (Rt THIafse, A IHEE ] OLS ffit, Al
2SLS. 2SLS f&l A

INSURANCE ;;; = 60 + 81 LOTTERY jj, + Xin62 + Vind3 + fin a1
Yinj =70+ T INSURANCE;, + Xipmp + Vipmtz + Vi

Hrfr, INSURANCE j;,; /R EJ7RE:, LOTTERY i 2 — P fHAH—%JE h 25
], BN, 2 THARE, INSURANCE;, 1 IV BN BFARE . yiny FORGEHRA
HEHE MR IREBLLL RE FonME, jRRREE, hFoRgE LM (i, @R
F5AH)

T, FRA 15k K F Finkelstein etal. (2012, QJE) [ 3 2L [H] 445 5 . Finkelstein et al. (2012,
QIE) fEEMI LS 2 "R A RATFRAL T — M BEAT 42 1) S 56 PO HE BE R o A A 4R
B IS o BRIV OREE IS AR 2, (HRX L oT I g — D LRI PR ey il O
6 MRS Z AT AN P Y 72 55 (Levy and Meltzer, 2008), ST Ok E BEATLHD 73 o Zs
AIAT DAR AT 5 AGX 1 R #. Finkelstein et al. (2012, QJE) HIMFFTLLES T ACEEA PNk
W25 N) SXEA GRASS5WHENA) LR, T HH RV AR &R T A
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https://connects.catalyst.harvard.edu/Profiles/display/Person/40507
http://economics.mit.edu/faculty/afink
https://www.nber.org/research/data/oregon-health-insurance-experiment-data

7.8 #FATH9 IV &%t

ARG T RIS A S R AR

W2, R AKX OB TR RU W ?

PEBEATAT — s PIAB SR — Sk IR AIIA T L8 s A R . JCHAZ "
FEALPE . B2 SR TR IS Rk A TR Il ARTTHY S8 — B Bt tHEs R sk 7.2 fiore

76 7.2 BRI ORIS AU Y 55— B Bt it 2

N R BEREF A HEFE
ERHABEOD  F-MBEOQ  EHABEEG) HoBE@  EHAYES  H-HB©
Ever on Medicaid 0.141 0.256%** 0.135 0.255%** 0.135 0.2907%**
(0.0035) (0.0042) (0.0066)
Ever on OHPS 0.027 0.264%%* 0.028 0.264%** 0.026 0.302%**
(0.0029) (0.0036) (0.0055)
# of months on Medicaid 1.408 3.355%** 1.352 3.366 1.509 3.943%**
(0.045) (0.055) (0.090)
On Medicaid, end of study period 0.106 0.148%** 0.101 0.151%%* 0.105 0.189%**
(0.0031) (0.0038) (0.0061)
Currently have any insurance(self-report) 0.325 0.179%**
(0.0077)
Currently have private insurance(self-report) 0.128 -0.0076
(0.0053)
Currently on Medicaid (self-report) 0.117 0.197 %
(0.0063)
Currently on Medicaid 0.105 0.1971 %%
(0.0060)
Ever on TANF 0.031 0.011 0.028 0.0021 0.023 0.0019
(0.0013) (0.0016) (0.0025)
TANF benefits ($) 124 -1.659 111 1.543 100 -4.991
(5.813) (6.571) (10.884)
Ever on food stamps 0.606 0.017%** 0.594 0.018%** 0.622 0.023%**
(0.0029) (0.0035) (0.0054)
Food stamp benefits($) 1776 61.3%** 1787 60.0%** 2202 122.4%*%
(15.0) (18.8) (33.4)
FPrE v A
F statistic for IV in first stage >500 >500 >500
N 74922 49980 23741

S EFRIERR, * p<0.10, ** p<0.05, *** p<0.01. “SB—H B FlfgoR 1 (7.11) AEB—Br B B REAIGRIER, RASSRAES —Fo BT A ELS S I I it IF A ZEER
FHRARER . (2) AT () IR A I A s (6) A& R R A e, DA A 3 v 5 S JEE AR A~ AL AR A9 20 00T, {2/ . The insurance measures are taken from
the Medicaid enrollment administrative data except for those labeled “self-report”(rows (5) through (7)) which are taken from the survey. In the survey, respondents could report various types of insurance; we
define “private insurance”as employer or private insurance and “any insurance”as Medicaid, Medicare, employer, private, or other insurance. In rows (1) and (2), “ever’refers to enrollment ever during the study
period, as defined in the text. In row (3), “# of months”refers to number of months enrolled during the study period. In row (8), insurance is measured as being on Medicaid according to the state Medicaid
enrollment data on the day the survey was returned. All outcomes are measured for the individual except that in row (10) (12) where TANF (food stamp) benefits measure total household benefits received over
the study period. For purposes of measuring the first stage, the study period is defined as ending on September 30, 2009. For the second-stage outcomes that we analyze in the administrative data, the study
period in the first stage begins with the notification date (which varies by lottery draw). For the second stage outcomes that we analyze in the survey data, the study period in the first stage begins on the first
notification date (March 10, 2008).

MR T2 B ATRYSGE R AT LUE Y, @ EARUE BTl PR R 25— B Bl o 0.26,
HENE THEARRZIRN 029, HIGE 1% KT eE. Framl—HEEa F gt T
500,

B, VLB, Y R EENLEkIE B IS SE N A . HiEfHN S 5%
WH AR Z AL w2, AR R LAMAL P e A A R RERSZ AR ER, [RIIL, 53X
M ILP R BRI iR . AR FATH] OLS HERALFEAAHA R E(E . FATRAR
A A A BERN, RO SEd 2FEILRY, (B2 BT ARSI REUR iR XTI, 3
ATy AR BERL YR R A S S AL B TR AR . FREEERE, W T2 /T
IR, (LATE) o G5 2, ARG T AT R AP R 2 5 500, JATatn]
LA A0 P IR "X 4> TR AR S8R 5
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7.8 #FATH9 IV &%t

7.8.2 FEAZXLT (Judge leniency design)

B NRATHY IV BRI R YA B 251K 1T (Judge leniency design), 45 FRA V5 H [
JERLY” (Judge fixed effect, JFE) i&ite FAXEMFRIZIT RN HTIEEHZE, BAIAEN
WRFMOLIET ) 2, BN BRI ES TR Lok iz 24 2Rl 2
FE R HTHIIE R

TEEE BERY @i, FIHBENL LS — A E B S s HAb R SR SN AT
55 RPUINALFERT 25 SR R0, (Frandsen et al., 2019, NBER w25528) o iz FL A HIX —ABIL AU BT
& Gaudet, Harris, and John (1933), fiufil4i5H iA B AEHRRAN AL RBIEE T B
BER ST 8 RO 1 A SR /2 Imbens and Angrist (1994)——({Ei— ML H 1 HE
HHMALE AL, HRMEEE T TGS, WALE QWA R ARBIAILESR. £—
e £ 5 R k2 Waldfogel (1995), T iE= BB TV S Y SCHRINZ Kling (2006)——
WA BRI 57 SN RE R, R — N5 A R B~ 2 e SR R e D HE AP AR 20158
Fris AR A TEAN & . falt JUERIME S O A RE| HAaf e  IWAE IR S5 A% =
ZEN (Green and Winik, 2010; Loeffler, 2013; Aizer and Doyle, 2015; Mueller-Smith, 2015;
Bhuller et al., 2016; Eren and Mocan, 2017; Arteaga, 2018; Norris et al., 2018; Bhuller et al., 2018;
Dobbie et al., 2018b). EH Z [/ FEMZ (Arnold et al, 2018) « $J 84 A=~ HYTEF TN B 45 41
(Gupta et al., 2016; Leslie and Pope, 2017; Dobbie et al., 2018a; Stevenson,2018). Vi 25 0 =%
FRES R IEAIR (Dobbie and Song, 2015; Dobbie et al., 2017), ff =X 41 1 52 01 (Chang
and Schoar, 2013). 7B X {Z 1 HI 5200 (Doyle, 2007, 2008 ; Norris et al.,2020). 5% 5% 77 B L5 |
FET AR AE R 520 (Maestas et al., 2013; Dahl et al., 2014; Autor et al., 2017; Black et al.,
2018). LFXF 61 HT 520 (Galasso and Schankerman, 2015; Sampat and Williams, 2015).

YA B BEUESO BT, FAT 20 = A R R R -

o M YA . 5 JEE HR, S PO S W B, BB ERE ZREL B MARRT .
B, YEEEHA PR A TR R R A Sy s o e s, (B2, Bk
HeMtl o BCss G0, WAl REGAAE— BB TR IBURIEAT SR B ANE B ™ i . A
VFZ JTIEAT IR v s (1) R 3e AL BRATEAS B RS-PE e (D 5(2) TH R ZAE
MWEHIEE 8L, BRI 2 BCA R BT, (HE AR 2 S 58 Rl 46 43 B O 258
ATREFFANTT L IR, AT % 2 il S B AR B i 10T YR I W gdm - iy
A RRAERNFEE .

o HEMIELYH . XN EMFTEE BN/ NG BR—T, — MBS TSR T —1
P IFHIAE . AT AU RS0 AT AR e BE = AT o IXFFAEH THERR, U
SN F A B Sos B VARSI, S2Ne T HUHAR TR o DN B S Y T
WAEST, BEPER A FEAC AT RE P #2544 B A FEF T AR A B B iR e X
15, HEMBIE YA L T —— A HE( R 225Kk T HAS B AU I B A R 52 e

A ok
AS-H

o FAYAMEARIS. £ JFE 1, il BRI TEART O RAE . X2 RO SR T B A e BORAE A A 4R
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https://www.nber.org/system/files/working_papers/w25528/w25528.pdf

7.8 #FATH9 IV &%t

W RHFEM——MEEE AL, AR, MARREmR. HE, A

FKREWRT, B8/ F e LR P, £35EH, MEEERASHEHE

RSB 07 O A SRARNAR 25 . Mueller-Smith (2015) gitiiid (/] T.H.

PR AU ] k2 ) — o2 K0 K S e A Al A B i R

Frandsen et al.(2019, NBER w25528)fig Hi X THEABEA R PR — e . BT izie ik
I HEAB PR A e, R, SRS AR, A REFIWTE I MBI AL R
FREMRIRFATAEIE . 29055500 (5 SORIEAT argues 124050 20K ARIEIE B P2 UL &5 R
A GIEE R CFAE R R S8 W 7.2 r.

lllustrations of relationship between
propensities and average outcomes

A. Consistent with assumptions

=%
Py
£
=
O
5
o
o < S
()]
(]
o
N -
c —
T T T T T T
0 2 4 .6 .8 1
Propensity (Z)
B. Assumptions violated
B
=@
Py
[1}]
591
Q
5
(o]
&~
<N
O —
0 2 4 6 8 1
Propensity (Z)
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https://www.nber.org/system/files/working_papers/w25528/w25528.pdf

7.8 #FATH9 IV &%t

Frandsen et al.(2019, NBER w25528)1,25 1! | Stata iy &£ testjfe. NEFA 1SRG stata £y
A .
v .

* %ﬁEUtestjfeﬁ%é}@l

findit testjfe

* T o B

use http://fmwww.bc.edu/repec/bocode/f/fake_data_for_testjfe.dta,clear

testjfe y d _Ijudge*,covariates(x1-x3) generate(eyj pj fit) graph

M, FRATTLA Stenvenson(2018) [IWFST A BIR A A A E BUE QY BRIV W H . FdE
FCASSEIET Scott Cunningham (2021) : “Causal Inference: The Mixtape” {155 -£ & . {F&H<IE
THRER—RREE LR, H3E X T ] S KCE A GoR i i [ 2 R R R, B8
A A E RE R E RS, R, B2 IR HEE A RE S ARG, B4, XLk
BE NSRSt o V& & B, BENLHIRE 1938 2 S B0 TR AT REMESE N 13%. 1Al
X2 H TR T IAGR G S 28U . HRE L S8 AR ARG AN T 42%, JEORBEE TR H
5 41%,

Stenvenson(2018) HYZLHEEL 7 331971 PAEMIFEAS, 8 AL FCHIREIAE o Wb JIVE
fliit s . BARKH ARSI ER IV Attt i, HE N7 5 TEAEMIH 2> TEZ R,
IV it 2 LA BRAEAR AT, Angrist, Imbens, and Krueger (1999) $2 H} JIVE {1 5 K k4%
2SLS HUAMREAMR IR . FREEa, JIVE Wit AgseEhita, HE, YEHEZ N THA &,
HEAfess LR, JIVE 1R 205

use https://github.com/scunningl1975/mixtape/raw/master/judge_fe.dta, clear

global judge_pre judge_pre_1 judge_pre_2 judge_pre_3 judge_pre_4 \\\
judge_pre_5 judge_pre_6 judge_pre_7 judge_pre_8

global demo black age male white

global off fel mis sum F1 F2 F3 F M1 M2 M3 M

global prior priorCases priorWI5 prior_felChar prior_guilt onePrior threePriors

global control2 day day2 day3 bailDate tl t2 t3 t4 t5 t6



https://www.nber.org/system/files/working_papers/w25528/w25528.pdf
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* Naive OLS

* minimum controls

reg guilt jail3 $control2, robust

* maximum controls

reg guilt jail3 possess robbery DUIlst drugSell aggAss $demo $prior $off $

control2 , robust

* First stage

reg jail3 $judge_pre $control2, robust

reg jail3 possess robbery DUIlst drugSell aggAss $demo $prior $off $control2 \\\
$judge_pre, robust

** Instrumental variables estimation
* 2sls main results

* minimum controls

ivregress 2sls guilt (jail3= $judge_pre) $control2, robust first

* maximum controls

ivregress 2sls guilt (jail3= $judge_pre) possess robbery DUIlst drugSell \\\
agghss $demo $prior $off $control2 , robust first

* JIVE main results

* minimum controls

jive guilt (jail3= $judge_pre) $control2, robust

* maximum controls

jive guilt (jail3= $judge_pre) possess robbery DUIlst drugSell aggAss $demo \\\




7.8 #FATH9 IV &%t

$prior $off $control2 , robust

#7345 TR R OLS I, eI ], R XHASRBOA a0 = Hl g0
FAAEJR . FRE SRR 3% AR . IR — A AR B BERN RN IV i, X4
RV AERFARR R (0.15-0.21), MIHAE 5% AP F 2. M HBATLBH IVE {51, 20y
Ej(o

7€ 7.3: FRXSIAARRY OLS AT IV {1t

fieidl OLS 2SLS JIVE

i -0.001  0.0209%%%  0.151%%  0.186%**  0.162%*  (.212%%*
(0.002)  (0.002) (0.065)  (0.064) (0.070)  (0.076)

N 331,971 331,971 331,971 331,971 331,971 331,971

SEHIAGE 0.49 0.49 0.49 0.49 0.49 0.49

5 HObRIERR . * p<0.10, ** p<0.05, *** p<0.01. First model includes controls for time; second model controls
for characteristics of the defendant. Outcome is guilty plea. Heteroskedastic robust standard errors in parenthesis.

FER: AEMHE A JFE 80T, FAT— @ B s gomnr e iui . HEM PR Z R S B Sk
JF JFE B L2 W58 al AN sL g5, Al A= iMckenzie (2019) : “Judge leniency IV designs:

Now not just for Crime Studies”

7.8.3 Bartik Shift-Share IV

Bartik T HAF G, 5t /2 K G AHIY “shift-share” T HAR G, 1544 T Bartik (1991) XX 4
SEE T IIFSE . {H2, Goldsmith-Pinkham et al.(2020, AER) #5H, &1t FHi% EAE BT
5% & Perioff (1957) —— A& ] LA T U A 7K. 171 H. Freeman (1980) 1 k2%
AR 57 B e SR T HAR

Bartik T HAF R0 EAEE : FE R ZHESSASE AT i SR 28 sl 05 X ek 55 50
KM 425) . Goldsmith-Pinkham et al.(2020) Ay, HEEH A A=A 5 P FREE R Rt T HAR
. HBATLARRA Bartik IV 3%, FRATAEEA, T R AR TR -

Yl,l‘ =a+ 611’1‘ + le,l + El,t (712)

Hrp, v, FoRiX L o IR ERE RTIOSEG Ly 08 CIRAMIX TR IR, Xi, 245
AL L, AR DRI ] [ E Y o 6 WU FAT TR AS RO [ B T8 PR AL AR
FEE, FAULFATLOEE, B RIS EMS (Sharpe, 2019).

Bartik T HAZRUE VX AURIIAHS Ry 5 [ SR T RS R R B T30 e. — 1 HiIX.
o BB A 1 FE| P T BB AT LA RS R N A it 25 [ 5 R TP R B B e - TSI
T A A 25 R 2 1 P I U2 T 8 (shares) 283y, ROAERE—IH, 52
FR P HE SO XS T A b XA — Ry o AT LLKE Bartik T B AR E SO -
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https://blogs.worldbank.org/impactevaluations/judge-leniency-iv-designs-now-not-just-crime-studies
https://blogs.worldbank.org/impactevaluations/judge-leniency-iv-designs-now-not-just-crime-studies

7.8 #FATH9 IV &%t

K
Bii=) 2 amia (7.13)
k=1

He, 20 FoRK VX H T K #IX 010G © B RAGHT, me, FonBTEREEKRA T
k M RAE S B WU A (share) Afts, B HUSHHR (shift) ig. FEAN 1THIKHHE
R B gl 258 b DX N [ G2 O % IR AT, BCEAR IS T WIIRI S R A . L,
FAIE T Bartik TE, FRATHAT LAFI ] 2SLS KAt Rl H——=45—Fr Bt 1] Bartik IV X 1, i
FTIENE, SRE . FTUNRS B £, X Y, 30T RUE SRR R R U B TR IR

TAVEHAT IV OFFERS, 10 2R K B I RGN AR ) A TR B HEMB 29 . H
5=, AT Bartik THERUE, R HEB LA AP IR IRME, 1X1E2 R &3 share THA]
shift Ii. H AT, IAWFFEHEA WA E LA share fJLf1H1 shift #fi—K 4 j& Bartik T.
HHJ AR

Goldsmith-Pinkham et al.(2020, AER) f#F® 1 shares fiff. fth{]E/~, 4 shifts 5 MizE
—Br By aR ARy, SEBR b, KIG shares giAR At T AMEAES . BRA, fESLERHR, FRATHCEALDE
HZ WIS [E N Ak argue 9t 2 811G shares 2 FMEH o

REBAVKIER TS EIELH A A R G oL, B2, 2N LMFAHEE— T ME
PEHTATE -
o IATAI A B — T iR AR AL S A G A B E R UG T4 B ARy T4 A R A R AR
Ban, £S5, A TR LAE G MG I A V22 TH AL b 1 3 X2 S A
IREZHIHE
o TR Z A LEA &, FATH AT LA T RS 36— AR R 56 19 i “fE
(AL BRI, FE e B R A A — L TH NN,
Goldsmith-Pinkham et al.(2020, AER) J-& T —> Rotemberg Y H []Stata 724G F1 43k
LEFRATAT A S —

Goldsmith-Pinkham et al.(2020) fgH . A T2 A I SSRGS A B Mzl (3%
B ) ;s BEEH— RIS . H)E, Jaegeretal. (2018) Xf4F MBI T T
PR o AR FEZE— N RO E RN IR -

Yl,l‘ =a+ (sll’t + le,l + El,l‘ (7.14)

HE, AT DS IRE (Fln, A#Fs ki) SN A e B TR AR R
K% . Bartik T EAF RN FAMT Rt 2/MER . SR, jaegeretal. (2018) firH . Wi
X, TR BN AR, A4, 1RED €, S bl St 78 RO 2h ks 1 — 24y i 7 2
RN o HEE, Bartik T HASBAG TR SIR SN, CHrRs )T B T8 TRE) R A
(TS VR HE I ) PR () D TRV RS AN ) o FRATT T AT [l YA v 8 06 B P )i TR X e 2 253K
M, )5, 7ei Bartik T HAS & 7:
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https://github.com/paulgp/bartik-weight

7.8 FATHY IV %

Yl’, =+ 511’[ + 5111’[_1 + ,DXl,t + €t (715)

I, AW Bartik T HAF

K

Bii=) 2 amia (7.16)
k=1
K

Brioi = 2 oM (7.17)
k=1

e, 6 20 RN, 61 ZIE [k 2R 2E b A I I R o

B2, BAH BRI PR

B T ANA R shifts, 1XJ2 ] Borusyak, Hull, and Jaravel (2021, RES) #2Hf19— R BIHE
8 Ff i shares ENAEHY, #l0, Goldsmith-Pinkham et al.(2020, AER) T #MEH] shares,
AT LA ok 73R, R share-shift TV B4 Z2ZA] DA — A ihifi ZKCERY IV Al T H3k
5o BHY BIRVFZAT IR AN E S b 7T LU RAE N Bartik TH R RIR AN, H B b
5 shares ffiR IR o

BHJ #24ft — & Hify Share-shift IV 4335, fE—2HIE T, (/] GPSS [4IME shares i
AEEMNAIE, HERE—LIEEA A shift U517 AEG1E. B4, AT ZX R A Y
PG T IRA TR ST T B 2 Y5855 argue.

Borusyak, Hull, and Jaravel (2021, RES) tJ% 7 —2& Bartik 1. HZ% 5 [A]J9f7 Stata 174>
f1SSAGGREGATE,

* %% SSAGGREGATE

ssc install ssaggregate, replace

* BH W B

help ssaggregate

XA A a] LA B R A58 shift-share (8 "Bartik") #5714 11, in which the instrument
averages a set of shocks with unit-specific weights measuring shock exposure. For example, a regional
instrument is constructed from some industry shocks averaged using local employment shares, as in
Bartik (1991) and Autor, Dorn, and Hanson (2013).

Based on Borusyak, Hull, and Jaravel (2021, RES), the command exploits an equivalence result.
In the example of regions and locations, the regional shift-share IV coefficient can be identically
obtained from a different IV regression estimated in the sample of industries. In this regression the
outcome and treatment are first averaged with exposure weights to obtain industry-level aggregates;

industry shocks then instrument for aggregate treatment. ssaggregate produces those industry-level
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https://ideas.repec.org/c/boc/bocode/s458526.html

7.8 AATH) IV 8

aggregates.

The equivalent industry-level representation is useful when identification relies on as-good-as-
random assignment of industry shocks (even if local shares are endogenous)—a quasi-experimental
framework that may be plausible in many applications where the number of industries is large. The
industry-level regression then helps visualize the identifying variation, produce corrected standard
errors, test identifying assumptions, optimally combine multiple industry-level shocks, and more (see
Borusyak, Hull, and Jaravel 2021).

THAHIA N2 . What's missing for an applied reader is more discussion and a framework on
how to critique an IV —for example, he goes through the classic use of quarter of birth as an instrument
for years of schooling when looking at impacts of schooling on earnings, where this would be an
occasion to think talk through concerns of different types of parents being more likely to have kids
at different types of the year. There is no discussion of overidentification tests and how they should
be interpreted, nor of sensitivity analysis approaches that allow for some potential violations of the

exclusion restriction.
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% 8 H WHZE /7 (DID)

FEHRTEE T, M A S AR R R, R FAIFA R R R,
RO FRAT 2] 1 ARLEE M BEATLIE A A2 b W, A BREE AR I 20 2 TR Y SR 2e 8 AP SRS REAG T H
*o

AT LR B Rl AT E e BRI R [~ HACE Y iR,
MR HEEM A Y By 225, FIALHET R Y IR ZE R XMl R A B A%
P2 AR 2, B I ERZESR, R, X2 BTN E 22 (DID) it
o RMOUTIRMLF S SIS R L. SRR ARIRZ, DID 5N T KIEAAL
HRARE, W2, EEdEh, RO ALEA, hARCHEH. XUPARRER: AR
MAFRE B EER. IEa, BATAETIN T AR RI MR ZR iR 45
e AR LR ARG EIN T JUE I RES A XN, (B2, DID SCHET, 3]
PAEA TR, BRI T HERER, BT DUERIX LA R

8.1 DID

8.1.1 {kif

TNH, RAPRER LWXINE R KA Rl a7 B3 — 7« (https:/
www.zhihu.com/question/24322044)

IR — S it BRI AR 2R, I LA IR A 28 i S i A AR 2R i gk » 32 D =
1, AnERERER 2RI T 15 Dy = 0, QNSRS i A HEET . IAETRATECGIAY M2 ik
A LU, Bk e M 2 AR AT KD 72 RATZE B> —ITHRIENEZ,
AL Dy = 1 WS GDP sk, 2 D = 0 HYITTHY GDP s, S8Ja i —dk, AN
E(Yi|D; =1) - E(Y;|D; = 0), iXFERRATREH T WS GDP 19712 2. IR k5681015,
KA FRA THT T Y B AR SR 56 H Y 25 A T

W2 EFHORA R E] T IA VESGBA SR U e A UOX A E A R iR
B R, ABRA T — T LATE TR, TR 1o ATEA, Rk ol
(R T AR ks 2 1T GDP gitimiWe? O 1 DX N nidt, FRATTHRZMERR 2/ 0, 56— 42
RIS W, BRI T . AT AT HY GDP kg8 d m Jn W2 22, R:

1
AY; = N Z (Yi,after - i,before) (8'1)

(4) AW —IRESr o CH R LR E I 1 AT P14 GDP I (A /& GDP
BOSEL, SURIBRE) . 8 ok, ROTESRIT A GDP BRI A FAY , e
ATE = E(AY)|D; = 1) - E(AY;|D; = 0) (8.2)


https://www.zhihu.com/question/24322044
https://www.zhihu.com/question/24322044

8.1 DID

DR IR o X D P S A B i Bk 2 BT SR ) GDP Y 2 4 B
KT R IATERYAL IR, BB R SR i 2 5 Y (e BE R o

AT LK DID Al i e — 55 18 T=1, WERASRPYEEERE < J5 s T=0, Q1R A A5
PRl AT SNE, S A LI Rk S A R R, FRATRT LM 2 R % 3¢

¢ 8.1: DID {1t

Treated | D=1 | D=0
T=1 1 0
T=0 0 0

Treated Z/n(ES— N, FEMTR B T 8kik. MR 3 WTLAGAH, 16 T=0 i, ¥
STE RS, TAE T=1 ], (36 D=1 pslii g k. [Nk, Treated = D;xT. F&AT]
ALV R A EE T R

Yii=aD; + BT +yD; XT + u;; (8.3)

o, Yo SORIT 14255 ¢ IR0 GDP. JATTRCSERATE R &L v o
HoE, FAME (5) AAEMSRILERE Ef—ikZE5

AY; = B +yD; + Au; (8.4)
SNE, FXF (6) AEMRZ M —IkES, FFRUHE:

E(AY, - AYp) =y (8.5)
FE, FRAVFE] T 2R B I Z BT AU DID At 5t 7o

B AR AR NE?
1 B A SIS S X PRI T N S RO B H T2 sh, BATse
AL i AR LR 22 57, BRI SR AT IR S S M ——5R IR 70
2 MR SR T R ZE R S B ST 22 e RO SO ST ) AL B 2 32 2 [R]
FUSZI, AR 2, WA 22 S U gt o LA i[RI AR 5l 32 T e ot e ] 545G AT AR 28 ey T
(A1 Bl AL R B i——20 IR ZE 7o
BTS2 AT fh it ie = Q0B A9 AL FRA - AP RGYAFRAH) — (Ab B )5 A AR AL R - AL FRAT
RIS EWRE , REHAR L HRFE A K AELLER, ABHR LS. Hi, R4
40T DID AR e, BOAARMHAL, wiAREM DID.
NHL BATHABRGUEGER A F DID RN T
HATE KRG ERNR 2 — IS EHT . R REA A HE, SOk B0
PEEFAAER, LRSS 2E RISFEN, HrheE RN —
PR E IR, R, AEaCReA T T LS B A RE . IRTUAR IR LR XS
oWt g Bz M) AR il . 2ad 5k RS SREENI S ARNE AR ELEEATRY 2R 35 [H AR
GAT, WS EEAE REA B E 5y W iz
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8.1 DID

21 82, IPURZ m i 1 T4 R AR SRS AR T X o B3 2004 4F, BGPURA
FEALE X THiIX, OTEER S XA Gikii) ROV, X, FA Tk
F B E KB PR BB, fin, A2 mBIX (ER=R ) — A
BRI X ——RBEATXS Mo XAl ik 1 42y 2@E2DID s B4~ R ——d B0p % [X
i (2003 ) FjE (2004 ) WAERF——LE XA P X

FRMIBHTENT (B WE)

83 1‘
Ex 3 ‘-i:‘r’.’
B2 g {

el s a il Fa

i 7 L HETETS )

%
&y

LEES BEEREE

mRAPEE
S i

5
o
ok

| Al | dodid CadliddiiN 4 Dl Al dad 4 )

B 8.1 PR o T EIRSRIET RS, WRBGEE AR MR

RAOTEN BN ERAR R, EEEEHRIX NU (=1, 2 =0, 7)., #Hi%6E§iS Period
(=1, Ja; =0, §i), XAEHE, FAT80A] LIS 2 i W m) [E E R0y, (TWEE) 5 :

Vit = ﬁ() +ﬁ1Peri0dl +,32NU,' +ﬁ4NUi X Period; + €; (86)

Hrp, y RERTE—ATTRR, FORBIHRE
oG, AT stata 425 —% 2 x 2DID [RREE . Wl Hdmaita  wilhls w2
P -

clear // V& Mstata U 7 HAE
2
1

local units

local start

local end = 2
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8.1 DID

local time = ‘end’ - ‘start’ + 1
local obsv = ‘units’ * ‘time’

set obs ‘obsv’

egen NU = seq(), b(‘time’)
egen Period = seq(), f(‘start’) t(‘end’)

sort NU Period
xtset NU Period // FWHEMHR E&KiE LA

lab var NU "Panel variable"

lab var Period "Time variable"

H, ESMALAR R T MR y:

* QEAETETHERT By
gen T = NU==2 & Period==2 //RXEFTEXrEET, WAELAEEE —Nid, £, XHT
=1, H¥HHKENT=0

gen btrue = cond(T==1, 3, 0) //cond kT UT==1H EH, btruX ML ELWREH3, &
| WA AE 40

gen Y = NU + 3*Period + btruexT //f| M Xl Bk £ RER L Eyih I

My BB R A, BATATLMRAEZRE H, AP R, gl 2004 451X
LR IR Y HZ2508 40 NI, 3ATTH B RA B IX 20 -

lab de prepostl 1 "®[" 2 "J&"
lab val Period prepostl

twoway ///

(connected Y Period if NU==1) ///

(connected Y Period if NU==2) ///

, 11/
legend(order (1 "NU=® P X" 2 "NU=ILEX")) ///
xlabel(1l 2, valuelabel) ylabel(4(1)11)

MIE 8.2 AT LIAER], I GEpx) MLamsss (LEKX) EHEikXam
ZE5 N 4, TAEFTR BT ZE 3o Lo DRI, SEEBCHTAR DR Ja R AR AL B R 3% N 4-1=3, Bl
A X Y 22T AR MR A 3

NI, BT AR AR B SRR A A5 R

* AL E A
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8.1 DID

on-

Time variable

—e— NU-BBMK —e— NU=TRL [ /L7072

8.2: 2*¥2DID

xtreg Y T Period,fe

AL AT LA 55— OB ey 86 e 250 A4 -

*  F B X B E R A reghdfe
* MRBHZEXMEFE, FEREK

* ssc install reghdfe,replace

reghdfe Y T, absorb(NU Period)

8.1.2 kWY

RZEELSLR) DID #2208, RUMUBUZ P-4, 22 M-m () 4. A
I, FATBSGERAAE, B, KPR RA LT E XA B DX P A4 = i A B
T HAL A 75 fH5% « Bertrand, Duflo, and Mullainathan (2004) 545 Hi (& S s e 128 2 ™ 5
RAA TR ROPRERZE . DRI, SRR L MR, BITAV/N, Xt iR ik, B3
PefRiE. A, IXE/EF R =R e )y % :

1 Block bootstrapping FriffiR. U5 block £ MHi[X, then you simply sample states with re-

placement for bootstrapping. Block bootstrap is straightforward and only requires a little

programming involving loops and storing the estimates. The mechanics are similar to that of




8.2 # % %3 DID #94| F

randomization inference.

2 fiiEhe IETEZME IS A2 o FRATARTZX RO, RSP ohE e i, AR e1EF
Bk Bl DID, HZ, GniRACEER [AA 25, XFTEA — AT, BRI T
ARG M T FRATTRE 2R HEBR M DRI (R[] R RN o AT 22 AL (5 SOAZEE4H
HIPRAR) , FRATTAT LU 5 SR AR S T 2R ] [ 38 8007 AR WA B AT [E] H o SRIEHRAS
ACPRZA R ARAE . FEON R R AR ABR 50 R e P, 3K ISR 3 AT Tl 2 4sixs) B2l o i Jim
AR AR VAR TR . FRESEERE, X DIEIF A R R ) U

3 R FEBTE M INEN AR IR R,

WA — R ETER: AR/, BRIIRERXETIE AT REE A . flin, 34
—EFRH IO, 5% B BEAG /K BRI AR 4R AT RE A 80%, HIMSH] 1 bootstrap
Fi R (Cameron, Gelbach, and Miller 2008; MacKinnon and Webb 2017). FEIXFPFHL T, HEfH
FHEEALHERT 77, 2= ), Buchmueller, DiNardo, and Valletta (2011),

8.2 H %% DID [y +

8.3 ARAbHIH G HiTHaRR X

BEIRARAL X A B BT, A2, EERAAT ANHE, DID A2 MFH R s e 1&
i DID FyRfi, FATIRT BRI E — @RI R, FANTFRZ AT SEIR -

AT B UL, AR R AL, 84, ACERLANIAR A ERAA SRAE AL BRI RS
PREFIARI R E S (AL EER TR A D) -

HE, RAE, FATEEARN . ER LRSI RO B A A R
MR . FAIRE — AW TATEB BRG] AR T, FKEER SR
I s A EE AR o 4 2008 AEAERBLAIU sCE IR WA ekl (B sCE A
), T AEEUEE I DB s ikt (BB DA SR AR = 2 "SRR AL TR
FJE AR, OUR R BRI, Fon] DMES) o XN, FRATTH &S A8 BB X AR
SUSEEEA RS

FAPREF 2007 4 (ALFERET) A1 2008 4 (ACHLE) YRS AT, H DID kil
e X DX S 2 T RO . SREE, IR AR AE T 22, B sm B AR %
MW o What SRR ? X SEIEL R G IRATRI WS RAENE, XE A0, R A R
HEEE T, RVTRES 1T (BOTCHED  AEE S, AL, ANERFE. RIPRERZ
OENEUShe A G i

HAUFMD AT — RN B FEIRAIL, 2008 45, BHEXGEIRFIT T R RIS A4
T ORZRe@R)) o ek, TR BT A SRS R——I AN R B 2007/2008 A48 5l B35 P
L U e Bkt BT R B A (BRI 5 R CR T o IX I BMBERAR TR, T, AT TANRE
R, WP S SRR A s LG22 T bk DID A A2 — MREF I
i, BIEATBOA IR B TR H S PRt I S 2 S AR . AT 3Z e — X, £ 2008
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8.3 kAU 5 FA4THHARE

FEFEBAHHRR TS, ARG T E X (2, FARTRER 0, BISLa iR . K
TR REAR AR A E]— M 2007-2008 I3 A A ARATAT AR I, R IR B B s 248
HAEKIZRE (REAEEIIEET—E, REEERZE, WRBIEZENE, S hiE g
TN ITWEEE, REAKEFFL T, REERERB PR, BEiLREERER
To)o MBBATNEZRDUTE RN AR, RATATREL I, Eikub Rt A [
P JE AR T, KSR F BN B 8 iR X T, 5 7 KRR
AL G, Wsh TILE R EEETGE . FIE, X RBI AT

10fE, DID RIS F il 2 Rl A Ab FRZH SR AR 36 A FRAE H ) e g AR AL FE AR By

B2, FATTAT LA iR F R S e ok

1 GRPRZHAEALBRAG S 1Y 2257 = ALBRRUY. + HAR R 225 [ iy b 1 A1k

2 ARACFRLAAE AL TRET B 22 5 = A R 2R 5 R A AL T AR AL,

3 DID [N = ARFRRN. + o R 285 RS ) AL FRZARAY, - LAt PRI 255 [ 9 A Lb FRAH AR 4L,

A2, XFF DID KL, FA MU ZR AL BRSO, thalt i, “Hofl R R 5k 1 Ab B
AL AR HAR N 2K 5 R A AAC TR AL s X R AT AR N2

A2, FRATTAEA DID B, Anfaf Hkde A FEL LA £ DID R A0 ELES T {F e ? FRATTAT LAf—
S RE GRERL BRAmA)

1. FAEF UL, AR IR SRR R T

2. RCFRARIAAC IR AE 122 J7 TR E R ;

3. QLPRZHFIAR DI A PR AR S AR AL B AT A A L AR LS 12

N, RATHE 83 KEFE

&1 8.3 AT LASE M H . DID s 48 1 1% /& common trend, 1502 BN I AEASAL ]
FITE T, Y B SEE— R AR AR 2 U, BRI 23 i3k 1T T iE AR & GDP 57, 11 GDP 5
(3 T 4% BB 1 GDP 35K AT e B = T RERE (IR, T A common trend (B 5 AT BEZASXTHY . B
BTN WNEIXA A, FRATTAT PARE— DR AR ] 7 3284245 15 2 5, common trend
FEXTI, Hedn BRI, FRATTAT ARSI T AE t=0 HAMY) GDP level M3 T hl A i 2 5,
HAAANREE R PIIR T . FRATFEA Lyl =207, RIX %[5 77 #2 run OLS:

Yy =aD;+ BT +yD; xT + X 6 +uj (8.7)

Hrpr, X2 R R &

BE#& common trend J2& DID KRR, B4, FRATAMTIFATAR-FATESDE? Male,
FATRT LRI — 277 3R AT SO & — NPT S B, AR BRI DID SRB12 A5 Al {5
(B2, BRI R 2, XL Ay A A R I AT a2 A o RV i L
fl, FATEARER PATESE L E oL, Shr b, BOAREE R AR s & L AT E 5 R
#, BOAE RSN, OPWMAT . XLk 3o )ik E 2 2 BRI . A1 R Bl X
seise . Mo, PATEEMEO AT R R,

BEAh, N EBAIRA A K- AT S AE SEpr R E R i BT (RO, 2
1o -
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8.3 KA L FATAHAB X

i
l'-l-

Trend _|st |

Trend

t=0 t=1

] 8.3: DID it & -FAT#%

95



8.4 DID ft Stata ¥ 9 52 3

Tidi—: EREHE

IRAEBCETWRTA 2 EdE, a2 3 m A H 4 St Hl 4 ot a# A CEULTF ERD,
HEE R WX L BB RIS 2 A AT (Heln, 5802 5 (7AF Ashenfelter’s dip) » Q15— K
FOPAT, M AT SR P T AMBUE R 0o AT, RIEAE SR AT w4l B TRl Ra 2840 ], th
TOIEARIE —F T E R A SR U5 E AR EARTTMN,  F A R0y B -5 20 3L
PARATE—HE) o 7N, MR EAMWIAEGRE, WITCE M.

T FOHEE

= RREAIKL

1E DID {2 B, Fian, 2008 FERUE T mekal, A4, FAMULHEH 2008 4
DARTHORRFEAR, 2B AR 2008 £ (LRFRIS) MO%EdE. S8)5. H 2008 SEmi B AEAS
FATHIE— LR E B, RS E BRI L il FEARSE . FROTA BRI AL R Sk
fii it DID. A0SRFRATIISR LI T AR im Bk (8 22N 50 B 3E 1) DID &0, 84, iXHtE
A REIAA — S HE R R TI T PRk,

W EUE, AT DID 0 BEAET 0 (FELFRCEEIFA L AERD) TLAZGERAI%L
WG ER, AR AR ERAR I EA SE e E AL A R E AR . B4, FATE
T BT 22 T A SRR AT A TR TN A S AR LB A RN 15, P A BRI T o

BREEEZ T 2016-10-25 FEFUME S5 TR AT 24 1 stata [ 7 25 B 22 (1 A4 E 7
%

Tl N % A B

M ESCHITHE T AL, B THEA T RE R Tt A AT S 2, S R R N B 247
AR, BURTZEMRN A . B IR AR ST RN B S o

T ARk R 3

PUE S ERE i RISV SR/ NES A i 2k 5 G 1 1 AN S X A % N SRS P SRR

FEEARENEE, AN MR A i SIS = 1,2, .., T R BRI . 4RT, 4k
PRI RIS S R AR IE . A ERET WU TS ek A, (B AT 1R M fadfa
56 o

TiEAss ZEESE

FE—EM T, MBS NS HIAL, T =R ZE 5, BN =HE 240147 (difference-in-
differences-in-differences, fijic DDD) , IXAER] LS iF s il RIS 2= 57, MR- FrrEss
BER S k7. A% DDD [yit—#/ 41, SR (2014, 28 343 1),

O AMREENE (BHEEZN) : AT ERERNIEEIA B T4 AR A T8 A
A b AR I BRI TR e e 1 o KA SEAT S IR RER SO %, B
AR BRLAAE AL TR 28 S R/ NEEAR R FRIEAE X ARG FRA TR B2 R A T e 05X
AN ZEFH R FATLSEEE S ), SRR A R Y AT, 4, In(Y) SEAKAL,
2 IR8K

R — RS WS, (2T AMORA S L5 XA A, Kk, FA417
S — T R R A TERANIE R4, e RATIAE A IXFIE AR R A &
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8.4 DID & Stata ¥ #9 52 3L

8.4 DID fi Stata H1 [ SCE

T T H ARSI TP PR AL PN, IR B AR stata thrun (9) 3, R4, EAEEEHIE
A TR 4 xtreg RIAT o 1 DID WA % [T a4l TR P22 iRy 45 B
247 — %0 DID (a4, dif f, HIERREAERTUN:

diff outcome var [if] [in] [weight], period(varname)
\underline{t}reated(varname)~ [\underline{c}ov(varlist)
\underline{k}ernel~id(varname) “bw (\#) "\underline{kt}ype (kernel) “rcs™\\
\underline{qd}id(quantile) "\underline{ps}core(varname) “\underline{lo}git™\\
\underline{su}pport™\underline{add}cov(varlist) “\underline{c}luster (varname)\\
“robust~bs~\underline{r}teps(int) “test \underline{rep}ort~\underline{nos}tar~

export(filename)]

outcome-var ;25 IR KE, period(varname) ERFIEIS AR, treated(varname) 4K
LA . HAhar & (Rt 7 HA ) AENERR .. 285 (2017) 45177
g

BB R, F-ATFIH Card and Krueger (1994, AER) [EEAH], AdHHHEITM
HAR LB RERFrEE PN PR ool s, Bim o W TR G . EER A id PR
t A IE], BAR THOHEERT A 0, JHES5 0 1; treated 7rdHAR G, | T, 0 NS EE
s fte AUl A%, B8 bk kfe. roys. wendys. AIHIA 2 fifiR:

BHG, ZAEDID 74 sscinstall dif f, replace

SRIE . TR AT LALE stata Hdi A\ DID i85 R %

AN RIAEAT Wi AR R N A 25

diff fte, period(t) treated(treated) robust

P AR T I PR 2 R -

diff fte, period(t) treated(treated) robust cov(bk kfc roys)

8.5 ZhASAMFHEY N

fE_ B3, FATIFr e RY DID #G2 PR (2% 2) , JEHE P ——AC T AN AL 7
Ja o AHBATERLAEBIRE L EA LMY, A2, DID Wit IE G A 52445, H
el actte (8.9) sURPRAIEERLY, (TWEE) SR LU T2 WUCHEAE Y - K2 Wkl
NP RE—RIHGE . SR TR — RO —— R A P e B 280

ERXAELIR, AT 20 TIRZ AR B, ARy 2 BEE I R I HERS 1818 &
A ARIEEL/ N CHIFRRIIA 2, —K, —H, —F, WESE? HEAAN
2, B, AR T A IR RO T SR IE e X el AT 2

EPATIERR
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8.5 KA

Varnables T o X

% Filter variables here

Mame Label

id Store ID

t Feb. 1992 = 0: N...
treated Mew Jersey = 1; ...
fte QOutput: Full Tim...
bk Burger King ==
kfc Kentucky Fried C...
roys Roy Rogers ==
wendys Wendy's ==
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8.5

A

NN

4t B2 5

diff fte period(t) treated(treated) robust

DIFFERENCE-IN-DIFFERENCES ESTIMATION RESULTS
Humber of cbservations in the DIFF-IN-DIFF: 780

Baseline Follow-up
Control: 76 76 152
Treated: 314 314 528
330 330
Outcome wvar_ fte 5. Err. t Brlt|
Baseline
Control 20.013
Treated 17.0639
I (T-C) -2_ 344 1440 -2.04 | D.041%*
Follow-up
Control 17.523
Treated 17.518
-0.005 1.037 -0.00 | 0.3%6
2.933 1.774 1.66 0.098%

A-square: 0.01

* Means and Standard
*+Robust Std. Errors
renca: *%% pe0_01l; ** p<0.05; * p<0._1

8.5: DID 4

rors are estimated by linear regression

diff fte period(t) treated(treated) robust cov{ bk kfc roys)
DIFFERENCE-IN-DIFFERENCES WITH COVARIATES

DIFFERENCE-IN-DIFFERENCES ESTIMATION RESULTS
Number of observations in the DIFF-IN-DIFF: 780

Baseline Follow-up

Control: 76 78 152

Trested: 314 314 &28

350 330
Cutcome var. fte §. Erz. t D>t

Baseline

Control 21.342

Treated 19.002

Diff (I-C) -2.339 1.282 -1.83 | D.068%
Follow-up

Control 18 852

Treated 19.452

Diff (I-C) 0.600 0.912 0.686 0.511

in-Di 2.333 1.573 1.87 0.062*

R-square: 0.19

* Means and Standard Errors are estimsted by linear regression
**Robust Std. Erzers
“+Inference: **% p<0_01; ** p<0.05; * p<0.1

8.6: i Hp3L i) DID 4
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85 AL

BAUUL A TTELN bk DID R PEAT — p 08 AR T MG R . #0752
Bl 1T LA T AR A BN o I . FROTAT LA AR BERG — M ¢ = 0, KRFRATHY A4S —
WIEE N ¢ = —1, SUMBAEIRRIN I ¢ = 1, QFSIE BN 1 =2, DUEHE. )5,
A FEAS b BT ) R LS REEA TR B, BhASAb RN A DID B E E5e ke
WEMT

M
Yi=ai+yi+ > BuDism+¢Xis+Cio+ €y (8.8)
m=—G

1, o FOR MK LR, e FORM IR, X, FoREHAE, G FORBLEAR
ARG A0 (BUR) HIKHPRIAE R e Yo BuDism TR LFRATEIARUN o ¢ B
SRR AR AT M < 0 MBS RO, HIR2EE ¢ 25 G < 0 IR, T
FHABn M RIS AR AR . 87, G R M (IR i 3RA 1 CHE,

(8.10) HCAFKMNURME TS5

1o SEFRETIY ZREL Boats oo B Bt IR T 0, Bk BT AW . tilein, A
BT 2 AN AF AEAL B o 17T LA O — Fh e BRI 36 FO T 2 —— AL BERT, DID [ 125 %3,
SRR P 75 A BN SR B B A A FA |

.6

Coefficient

T T I I T T I I T T T I
-6+ -5 -4 -3 -2 -1 0 1 2 3 4 54
Event time

8.7: BTN K, KJET Freyaldenhoven et al.(2021).

e 8.5 firw, BRI RE, EFRFEREGXE, (EHRT, DID (il KA/
0 ffiro

2. ML) FREL B, Bas .., Bo AEALIRJEAE— AR DID {11280

1 Stata 1, FRAMUN AT EIE AN B2 BN, i.time##i.treat.

LI TSI S, AT DS AR R HR T,

I BOARIAAE N s 25 S R R 2 VRIEAEN B O HY S A0 BRI 45 HR ks K 22 XK
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85 AL

ARG VRIAE N EE R AT 2 4k R 2 VRIEAENTOA 750 o B O 21 i [ml I 1 s
B 2

HHE! 4 E! Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M.
Shapiro (2021) Z3H 72 Al (AL SHAS AL BRSO I, LEIRATIE I AT REZ M e omiX
SER] S5 RURTA RIS S e AT, FRATAT LAMSON 7T B TAE, Fk R shaS AL BN,
M. 55—, R AR k i EFRE , Bk AT B T R B Y m = —G B
N T AT R RSN, ] DR A AL HR AR e Y AR A TR IE SIS AL BN, DID (9.7) o 25,
N T ARG BERIME R, FRATTAT LATE] 5 Wi S A SR A BN, XA, AT
AT EE TEAA (9.7) SRS AR AL 33 — G JIHY Lo MIT0 ¢ + M 1Y Lag S5 5
SR

A, AT (9.7) BiEN:

M+Lp—1

Yii=a;+y+ Z OkAD; ik +OM+Lyy Dit—m—-13y +0-G-16-1(—=Di1+64+15) + ¢ Xii+Cis+€; (8.9)
k=—G—-Lg

A, AR 2 BT TR, (9.8) AT LARIH T35 DID [T (F SCa i b
FIUEAR) . XN . AD; i R M i 4F CHIRTHY K MR BHEEIE, (1 - DypagiLe) T ME
VE LIS G + Lo WU THELLIR, Dipop-ry, Fm MALTE CHIRTINZE D M+ Ly J2RELLTE,

SO I | T LABRRROR IR I B BB . R, 85 (97) UK

0 Yk < -G
k=, Bn M-G<k<M (8.10)

Z%:—G IBm %/lk >M

TRl TE FR R B AS AL AT P RO R (e, Sk Y= | 18K ]« Simon Freyalden-
hoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M. Shapiro (2021) 25 H! 7 SCitAErb BN
sl IVAGIES Y=

1. 4453 (9.8) I, ArdEdl 6-6-1 =0,

51 9.6 Ji&7R T HRiEAL 6-1 = O BYBHASRN . PIsk EIA FSY Ab BT a3 AEAL BRI [F]-1
Ja, E9.6 (a) 3R BRI I AL IERT RS, 17 9.6(b) M RIR T “BRER”. HIEH-& T 95% [
BEXE. FATRHE 6-1 = 0 SR LMRZS 5 8948 BLAF X RRA S R —— A BRI [R]
AT I-1 FTk ACAHIE] (621 = 6x) o BN, 1AE k=0, BSEEBRAEIRES 2 Hi M [E] 9.6(b) H15 2| 45
W ALFEETE] O AAEE R A T B E AR L. M 9.6(2) FTLAEH . ACFRRS 0 AL 45 R IF
WA KA REZN,

2. fEEIHIMNREL 61 IR, HAEBN—ANE5H, BAEAN:

Z(i,t):ADi,Hk* 40 i
|(Z,2) : ADj griex # 0|

8.11)
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85 AL

g
PSTEIRALITEE

Coefficient
o
"—.—I
l
1
1
I
|

—e—
l
|
.
1
|
]
1
l
l—.—:—!
|
1
|
——
|
—e— |
1
I
|
|
l
|
|
I
1

Coefficient

o

1.59 1.5
6+ 5 4 3 2 1.0 1 2 3 4 5 64 6+ 5 4 3 2 1.0 1 2 3 4 5 6
Event time Event time
(a) “Smooth” event-time trend (b) “Jump” at the time of the event

] 8.8: BASRUN PR AL AE-IF ] (G 1)
& F3kJRT: Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M. Shapiro
(2021, NBER, w29170)

B 9.7 o 1 2 HUFE SR ——y 41 O jikbo IX RS AT MR By ik e B il it
IR SRBORRUN I K/ N B0, B 9.7(a) H R KU T 65 TEIREEES 3 W1 (RN T AL B AR - 1
W) BB R FRER YKL N-0.73, X ROV FEBGE R XS THE S 1R% 41.94——K
RAACET— IR R A R PR A (ED

1.5 1.5

g
e an.ﬁm

—8-

Coefficient

o]

|

I

1

I

——

|

. :

1

_ —— I

1

—e—i |

1

I

—e— |
Coefficient

-1.54 1.5+
6+ 5 4 3 2 1 0 1 2 3 4 5 6+ 6+ 5 4 3 2 1 0 1 2 3 a4 5 6+
Event time Event time
(a) “Smooth” event-time trend (b) “Jump” at the time of the event

K 8.9: REHRAE (I 2)
K f k5T : Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M. Shapiro
(2021, NBER, w29170)

3v BT WAL BRI A B AR A B R B X AIAh, BN SR o WAL ER AR A
— % [F] sup-t BAFH L

/9.8 BT Y 3 ARSI A B ST 5T, R B S X AN &St ATME NS E S
DX 7] A A BRI [ 65 A (B T AR AR e 1T B S A i R — 2, AT 58 4 il
{71 95 O AL LT ) B AR v] DABRAR R Be 1T L S A B A5 Biln, 7£ 9.8 iy misk A,
WA EE T, AT RESR 48 fr G AL FERT Y AL FRRS R B8 22T 0. (H R B EIXa], FRATAT LA
HEILEE 6_s BRI BEN. BIERNCAWBBE BT F R S ——0-s = 0——g% i,
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85 AL

A, BT BRI S e PP A T2,

®
o

Coefficient
Coefficient

-1.54 -1.54
6+ 5 4 3 2 1 0 1 2 3 4 5 6+ 6+ 5 4 3 2 1 0 1 2 3 4 5 6
Event time Event time
(a) “Smooth” event-time trend (b) “Jump” at the time of the event

8.10: X E(FHIE (I 3)
/] F k)T : Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M. Shapiro
(2021, NBER, w29170)

4. TEEPAE TR Wald K65 p 1A :
Hy : 6 =0, —-(G+Lg+1) <k < —G(no pre-trends)
Hy : 6y = Sppaics 0 < k < Ly(dynamics level off)

9.9 fon TIPS p{H. 455€ Lo = 01 Ly = 1 PSR EARBCA TELB At g s,
B4 PRI RS R AR B IR T Lo M1 Ly ROESE. BIE(IERE (9.7) Aing
(9.8) AL EIRBIZIRAEGE . SLEkrh, XTF Lo M1 Ly RYIEFER RN (275 2 3150k
HIRERE) o

°“"‘:”*”'H|,,,$ °“”‘zi“”m”“

~1.54 -1.5

Coefficient
Coefficient

e YT TR S R R P TS Y NPT NPT
Event time Event time
Pretrends p-value =  0.22 — Leveling off p-value =  0.76 Pretrends p-value =  0.22 — Leveling off p-value =  0.76
(a) “Smooth” event-time trend (b) “Jump” at the time of the event

8.11: #4/in Wald #0245 p {6 (i 4)
K |2k JET: Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M. Shapiro
(2021, NBER, w29170)

5. BE Ly=1MLs=M+G
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8.5 AN EHM

WOE Ly = 1 AIRIER S R AT RS i 8 MO R BCR AR A A s U 5 2R
MiEAE Le = M + G WA DAEFARERMFR™, XA E S ERUE, A LGS BUOR 7] B I 25 5
MR N AL BRRT A ilan, & 9.9 & T M=5, G=0,

6~ Plot the least “wiggly”confound whose path is contained in the Wald region CR(5) for
the event-time path of the outcome. Specifically, plot 6 = (v*), where

p* =min{dim(v) : §"(v) € CR(6)} and
. (. . (8.12)
v = argmin {vp* sdim(v) = p*,67(v) € CR(6)}

Figure 9.10 illustrates Suggestion 6 by adding the path ¢ = (vx) to the plot in Figure 9.9. In Figure
9.10(a), the estimated event-time path is consistent with a confound that follows a very “smooth”path,
close to linear in event time, that begins pre-event and simply continues post-event. We suspect that
in many economic settings such confound dynamics would be considered plausible, thus suggesting
that a confound can plausibly explain the entire event-time path of the outcome, and therefore that the
policy might plausibly have no effect on the outcome. In Figure 9.10(b), by contrast, the estimated
event-time path demands a confound with a very “wiggly”path. We suspect that in many economic
settings such confound dynamics would not be considered plausible, thus suggesting that a confound
cannot plausibly explain the entire event-time path of the outcome, and therefore that the policy does

affect the outcome.

0 (41.94)~ 0(41.94)

Coefficient
Coefficient

b T SR T T &% & 5 7 01 %1% e
Event time Event time
Pretrends p-value =  0.22 — Leveling off p-value =  0.76 Pretrends p-value=  0.22 — Leveling off p-value =  0.76
(a) “Smooth” event-time trend (b) “Jump” at the time of the event

8.12: Ihn Wald #0545 p {5 (1L 6)
& F k)T Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M. Shapiro
(2021, NBER, w29170)

7y WRA A (9.7) S8 2 PR G (] IR RSR B RON RS, BATTBERL 2 Al AL T 51
PR -

L AERUIRR S M 5T (9.7);

2. M 9.9) X (9.7) MR SRR AU ;

KNI NN A VAT R S S I S M n
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85 AL

Figure 9.11 illustrates this suggestion in a hypothetical example in which the more restrictive
model assumes that the policy effect is static, i.e., that the current value of the policy affects only the
current value of the outcome. Comparison of the two event-time paths provides a visualization of the
fit of the more restrictive model. The uniform confidence bands permit ready visual assessment of
more restrictive models. In the case shown in Figure 9.11, the more restrictive model is not included
in the uniform confidence band, implying that we can reject the hypothesis that the effect of the policy
is static. Figure 9.11 also displays the p-value from a Wald test of the more restrictive model, which
also implies that the more restrictive model is rejected. The Wald test may be more powerful for
testing this joint hypothesis than the test based on the sup-t bands, but its implications are harder to

visualize in this setting (Olea and Plagborg-Mgller 2019).

1.5

Coefficient
(8]
|
_|_
o
L ]

0(41.91) i I

-5
R T W
Event time

Constant effects p—value=  0.00

8.13: PN — SIS FE R (L 7)
& F k)T Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M. Shapiro
(2021, NBER, w29170)

Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse M. Shapiro (2021,
NBER, w29170) Jf k& 1 stata iy 4 fl——=xtevent R SCI_FiRE L.

x Hh, #ExteventirAH

findit xtevent
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8.6 =& DID

* REAHEZERE

ssc install xtevent, replace

8.6 225 DID

YA ML, RSB IER A S, AR, TR MR, R
SR AN (R, BT A, R R A AR A, W, AR
SN I T AR MBS TR T LR L AU 207 (TWEE) ARt Re ke
S DID ff 1 RHO0? BIRHIOELE: HEAST!

8.6.1 FfivikALPEIY 50T TWFE B i ) i

B, FATRE 5T — N BRI R A AEARS AR DO M 485 Y RS i o FRATTAT REFIIE , 2
PR 22 KAAE 21 e8] (140 2003 4F) R TE R BOHR X, AE 2010 7RI
B DR BT X o VT X RO B XA B A R I, (B2 ST i I RS A
A2, BFFERAFHORE DX 2 28 55 A 2 H RS M U A A 24 TR e 2

IS R, AT A, FRATA T EA AR 242 B2 R i — i Fp
Alo {H/Z, Goodman-Bacon(2020) f§tH, MSEIHHIMESR , 50Uk AL BRI {2 (15X ) [ E 2%
. (TWEE) [EIHAFAN. E2E—EHEY T, ARKEIRX SR SHAETFT SR E,
{HJZ, FATH TWEE A1 DID {1 52453 G2 R 800 o

Z A AR RS, RAAER R E 2, A MEXEIF AL BBX L i 504
S, WAENHER, FTLLIZ Baker (2019) : “Difference-in-Differences Methodology”™ Callaway and
Sant’Anna (2020): “Introduction to DiD with Multiple Time Periods”s &\ & 2, 215 o ab#
I R TWEFE 2544 © 20 BRI AR E NS A, Xt (A5 AL B AT Y ~PAT A A 2. (1)
MRS A Gt AN, slE SISO AR A S, A4, BT ER B HA 2
fritashe (2) MR Y SR E I R T, AR4, “bHE RS = A ) _ ARSI,
T W 37 2 Ab 3 R RE N A X A a3, BRI, “PATRE AL, IR IEAN Sun and
Abraham (2020) F5H : AR I HARI RN 2% A SRR M o XL HEFRN “5¢ & DID” [ A .

2018 LAk, T35 35 DID F R[] [ 5 280 0 HY [l S A Al T i B SCE B T AR IR
HIBEHC, ane 9.2 F19.3 s (BEZ KT DID H#F (55, 2 W Asjad Naqvi {J DID F=01) . iX
LW SO SEAB ATV T, BRI EEE S, HFeaa ) B elIZ M ES, A
R E BT IRME . BANE, ATERSIIR T 28 A7, AT AR AR LET
KRN RIFORS O, T EX TR S R UM Y, TR, 22 208 B AL Y I R FORS )
BATR A, T HB BRI s 2B 8« (B, RSB R, 2 S IR BE i ik
JEHERDA, BN PN TFREE IR

106


https://andrewcbaker.netlify.app/2019/09/25/difference-in-differences-methodology/
https://cran.r-project.org/web/packages/did/vignettes/multi-period-did.html
https://asjadnaqvi.github.io/DiD/

8.6 =& DID

L AT KF RS — T3 & DID fifiit FRATZBEHARLE SR MEE " 2 5401t
Y75, L OE TIXLLE HTO RS E DID {1 & EDW A L5 Stata #:1E.

Goodman-Bacon (2020) f5ii, TWFE &t &6 L2 Ar A v aERYT 2 x 2DID &1 & 1
BOEH . HAE SR X 2 x 2 AR FRIK 7 22 58— & Hol— TR B s A ) ik
BT A B A E . AHES: T, A28 2 x 2DID {5 FH IR E I AL B 2 A 4k
FRZH, T MAALFR ALV 4, 5328 2 x 2DID {315 1) FH /A [ B i b 3 e 2E
—ACERFFUAET . SR E AR E s I, TARFRIF IR IS . BT R AL ER A AR
HlZHe L, A0 ANBERT AR LT, 2 x 2DID il @ 4l AL FRR Y, (AT 22 A
) BCEY, HETERERCNIE. (g, HAFRRUY RER [RIARL R, A —2% 2 x 2DID fii}
eI ARIEE . X2 F N BSOS AR T s, HBER R AR Ak B AbFRAL,
(L R 4254k . {2 TWFE-DID fif {5 208 T X — /.

T, FRATIEE R BT — R I K2R RS O R RO Y Wb AP ph 2 R R = AR K
B YLE XM 2003 SEFFIREBOHIAS X, B IX A 2010 SFEFF AR TR IX o MRIZFRATTA 1998-
2019 I MR X EP At S A R EIG . X BHRE R IATH A AN DID:

S, TRATKTET 1998-2010 £4F, WK 9.12 LEE . FEX—BATH], B XM A%
KEFEX, LR X AE 2003 EBEAE" T, [k, FATAT LS SR X AE X A, BT E
DXAE R AR R A T RS BTAR X X 2 B A2 & R 52 Tl

B, BATEATRASETE 2003-2019 4F, Q0 9.12 A5 E R . iX—MPH, ITEGHrE R A%
XEPRSIF N R AL, TE B X VE 2010 458 TR IX. B, AILVEITEE R IRA, B
BRE DX A A A R SR A TR i XN 85 2 JRR A M B o

——1E i -1 BB

piS::tn) SEE

10
S / S /
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 20 2 16 2 2018 2 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

8.14: Goodman-Bacon 73-fi#

Goodman-Bacon(2020) ‘27, firf5¢ & DID [y TWFE it &R n] AR 9.12 [y 75Uk
frovfig: (1) SBAMmdR: GLE) SEAMAARE e AR ZED: (2) Skt
MR (L) MRS R IARE GEpl mZE50s (3) ANEACHER R4S
AR (USRAFAE) W27 AL, Abdl th H =Fh 22 RGP Ek Ay 58 & DID it
Ho AL, TWFE [ DID {5 U AEARES [ 220 A [F] R AL BEA VAR TE N A&, TAESS

107



7 8.2: 5% DID [1 Stata A1 KX b SCHik

Stata £ Lk 2% ik
Andrew Goodman-Bacon
ssc install bacondecomp, replace (202.1)' leferen?e-ln-
differences with
bacondecomp or variation in
net install ddtiming, from (https://tgoldring.com/code/) treatment timing.
Journal of Econometrics
Liyang Sun, Sarah
Abraham (2020).
Estimating dynamic
. . . treatment effects
eventstudyinteract ssc install eventstudyinteract, replace

in event studies with
heterogeneous treatment
effects.
Journal of Econometrics

did_multiplegt

ssc install did_multiplegt, replace

Clément de Chaisemartin,
Xavier D’Haultfoeuille
(2020). Two-Way
Fixed Effects Estimators
with Heterogeneous
Treatment Effects.
American Economic
Review.

Clément de Chaisemartin,
Xavier D’Haultfoeuille
(2021). Two-way
fixed effects regressions
with several treatments.
Clément de Chaisemartin,
Xavier D’Haultfoeuille
(2021). Difference-in-
Differences Estimators
of Inter-temporal
Treatment Effects.

did_imputation

ssc install did_imputation, replace

Kirill Borusyak ,
Xavier Jaravel ,
Jann Spiess (2021).
Revisiting Event Study
Designs
: Robust and Efficient
Estimation.

drdid

ssc install drdid, replace

Pedro H.C. Sant’Anna ,
Jun Zhao (2020).
Doubly robust
difference-in-
differences estimators,
Journal of Econometrics.
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7¢ 8.4: 32 & DID [ Stata f1 [ % W SCHk (£:58)

Stata £J,

0k
G

275 Hk

csdid

ssc install csdid, replace

Pedro H.C. Sant’Anna

Differences with multiple

Journal of Econometrics.

Brantly Callaway,

(2020).
Difference-in-

time periods,

flexpaneldid

ssc install flexpaneldid, replace

Antje Weyh
Eva Dettmann,
Alexander Giebler,
Antje Weyh (2020).
Flexpaneldid: A
Stata Toolbox
for Causal Analysis
with Varying Treatment
Time and Duration.
IWH Discussion Papers
No. 3/2020

xtevent

ssc install xtevent, replace

Simon Freyaldenhoven,
Christian Hansen,
Jesse M. Shapiro
(2019). Pre-event

Trends in the Panel
Event-Study Design.
American Economic

Review.

did2s

ssc install did2s, replace

John Gardner (2021).
Two-stage differences
in differences.

stackedev

github install joshbleiberg/stackedev

Doruk Cengiz ,
Arindrajit Dube ,
Attila Lindner,
Ben Zipperer (2019).
The effect of minimum
wages on low-wage
jobs. The Quarterly
Journal of Economics.

eventdd

ssc install eventdd, replace

Damian Clarke,
Kathya Tapia (2020).
Implementing the Panel
Event Study.

staggered_stata

github install jonathandroth/staggered_stata

Jonathan Roth ,
Pedro H.C. Sant’Anna
(2021). Efficient
Estimation for Staggered
Rollout Designs
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8.6 =& DID

AL FEIE, R EE T

Pt ENSEH, AR DID 2 Fi— R S I T AR R i P A T 2 A5 AL B A
BACHR] G, FATEAE IR WP TS S — i S P DA, RS T A AT RE
[ 2 x 2DIDo RAE RAET IR A IR T AL B A A e Al T IR R IR
2 x2DID fitia, A, A LSBT F @SR RGOl o) — SRR R P i
WL B ANBEEAR] T2 3F ! Goodman-Bacon (2020) i | —M&—— 7 Z AU FE[F
HEH—RPEA A A LI 2 0l 2 P R L - R IE HY 2 x 2DID e )28 8) . Stata Ay

414 bacondecomp :

x ZFbacony it

ssc install bacondecomp, replace

*x fn# Stevenson and Wolfers’ (2006) % T it 4 & 450 3 L 1 B 2 30 N o9 B3

use http://pped.org/bacon_example.dta

* 7 BT AR Bt

xtset stfips year

* AT ] B A€ 2N TWFE

xtreg asmrs post pcinc asmrh cases i.year, fe robust

* Goodman-Bacon (2020) ByDIDA## i | T R TWFEAE A

bacondecomp asmrs post pcinc asmrh cases, stub(Bacon_) robust

* oM AR R

bacondecomp asmrs post pcinc asmrh cases, ddetail

T, FATHK H T bacondecomp £y Z= I FIEHE K U] — T Goodman-Bacon(2020) F
DID 43fi#: Stevenson and Wolfers’ (2006) fff 5 | TCist £ B A A0 2otk F R A0 (8] 9.13
7~ | Goodman-Bacon Jr Y45 R . £ R /K43 R DID filiitH: (-3.08) ——y Hi{EILL x
AR . = s — IS ALH RV E AL FEZH, 1964 AER i B REVE A RZH . XX
RFRR DI A AL F AR AR, AR AR D R4 .
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20

10

0

2x2 DD Estimate
-10

-20

-30

o

I
0 .05
Weight

O Timing groups A Always treated vs timing
X Never treated vs timing

Overall DD Estimate = -2.5159636
Always vs never treated = 330.38846 (weight = .00508966)
Within component = 80.012329 (weight = .00508966)

8.15: Jo 4t B &L : Goodman-Bacon 43 fi%
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8.6 =& DID

8.6.2 FAFWF5E L Bacon 4)fi#

Goodman-Bacon(2020) WA PR AL BRI (U TR T (ISR PERT St R, BTN
i Cheng and Hoekstra(2013) S} B H{F 0T 53M Bacon A ik MATTRAAY 158 G SO0
XEEIIHI M. 2012 422 H 26 H, AELE 2 kR HERE, T8, STEUR IR T4
17 ZRAFEEE AR, ST ST MMERJERZ, FFEHURS R T RK—B#, FFH
EEMEU S TATR e , EENFFBURGEIT. (HFFBURZHARITEREA ML, TR
RS T RS RS T E T, AR TR, 2, FFRURSIHEARIL T BT 55
AURZINN B CZIEEPT I, FFRHTCIRAHP . BRI R T k.

S HAIA AT EUR B RITEATEN . TRONAE 2005 4, 2 BUAMCERUE T8t ik
B LIRS . ARG, SoartEil Py DA B R 45K, (H—E0HrYi%E SYG
RS RE] T AL £ 2000-2010 £EjH], S 21 PNHIEFT T RBIR A P IE SR 1
HEE e XS Jn, BN R fEle, A AR rl LAGE A ot I 57 kAT S
HEAEEH, HE AR F AT A2 el e R, REE ERF, siEiEm %
W RS G T, X LF AT REIE Y o

MATFAMARE , XLEUCEREAT T IR AR A . AATTRE B v I 24 B 1k
PUUZIEH CE AR E S B, FATR AR F R RER 2 3 AR, Stz
FronsEm. #52, EENESE S FEMOER LRI LT X TRE KR, X2 —
bl AR E T G Bl s 2 1 JLARAYEE M. Cheng and Hoekstra(2013) ] DID fif
FEWTH A TG SR X B AR, Beam P I 4 BT DA SRR AR A A i, A
(5 B PN AEAN R R R AT 1R e [R5 R -

Yii=a+6Di +yXi +0i+ T + €y (8.13)

Hrh, D, 2 MAY &, R, BEALE0, B2 E 1, {H/2 Cheng and Hoekstra(2013)
ik D2 0-1 Z[RIAVEL, ROAAH — S NEFrp i 7ok A, AnSRSCsAE 7 H 5, B4,
FESEAE 2 BT, D2 0, fESCHEAE, D2y 0.5, (RS2 SRIH, D 1. 7R
HAEF A Bacon 53, A TEZEMER B RN ERE, B D ELN0, EHLHN 1,

AT EEF stata ACAGSEJET Scott Cunningham(2021):"Cause Inference: The Mixtape"
9,

* A E A

use /Users/xuwenli/OneDrive/DSGEZE M K B FmAL/ HFE AN G #H M/ N AT EZ T FH i
/N E A F ¥ 5 code/data/mixtape/castle.dta, replace

* 1S BRONEEF B B Y, 4 Bk A cleanplots

set scheme cleanplots




* ifﬁgbacondecompﬁl

* T X2 R E AR

global crimel jhcitizen_c jhpolice_c murder homicide robbery assault burglary
larceny motor robbery_gun_r

global demo blackm_15_24 whitem_15_24 blackm_25_44 whitem_25_44 // A H4F/E

global lintrend trend_1-trend_51 //M %Mk %

global region r20001-r20104 /7 K -2 B A b

global exocrime 1_larceny 1_motor // /MAJLIEH

global spending 1_exp_subsidy 1l_exp_pubwelfare

global xvar 1_police unemployrt poverty 1l_income 1_prisoner 1_lagprisoner $

demo $spending
* AR ERTEBNENELE, cdl

xi: xtreg l_homicide i.year $region $xvar $lintrend cdl [aweight=popwt], fe

vce(cluster sid)
* k€K Epost T4
label variable post "Year of treatment"
* FLEFREENEE, post

xi: xtreg 1l_homicide i.year $region $xvar $lintrend post [aweight=popwt], fe

vce(cluster sid)

RN 9.6 55— Fn, BATRTLIER], H30E (Bum Py LiER 26450 &5
ANEIET S 10%, HAE 5% BIACE & 3ATE AL PR A] BEAU A & post e, PCHAK
J2oA 7.7%, AE 5% BIZF N 2 .

N FRADRA A BBIFEEIE . EIE, FATTE AL RTRIR Y leads AIALERJE Y]
lags. J]“time_til" 4% it Sfe 7R 1l DX 52 2 40 PR A AN 2 5 Ao TR A8 BT LLBI 2 leads
b (ALELATHII RO il lags 22 & (ACFR A RIIFIIRD -
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o0
(@)}
o
=
)

Stata 7% 4 :

* FEHT E B AL F (Lag0) 1k A A w9 2K 5

xi: xtreg 1_homicide i.year $region lead9 lead8 lead7 lead6 leadb lead4 lead3 lead
2 leadl lagl-lagb [aweight=popwt], fe vce(cluster sid)

SEREIRTESR 9.6 EE =41, E?M%Tﬁﬁﬁb@,ﬁ%,ﬂgﬁ@u% FATAT LA
ZREH, WHFTR AR REIABE, Br T leads8 il leads9, JXHIAEE K AALHER]T 8 4F
HA 3, ARERRT 9 UE 1M ARFRET 1-6 41T REdEE 0, Bait EARE . 7
— U7, AFEHNEIE T RSN IE, HALE 10% BT R E

7% 8.6: KM SOUCT: (cdl) X5 T ALFRATR i

R 1_homicides
OLS ST
cdl 0.100%*
(0.0388)
post 0.077%**
(0.0339)
lead9 -0.261%**
(0.0450)
lead8 -0.304%**
(0.0816)
lead7 -0.137
(0.0863)
lead6 0.009
(0.0596)
lead5 0.005
(0.0470)
lead4 -0.004
(0.0466)
lead3 0.012
(0.0349)
lead2 0.019
(0.0311)
leadl -0.026
(0.0330)
lagl 0.078%*#*
(0.0281)
lag2 0.082*
(0.0453)
lag3 0.105%*
(0.0530)
lagd 0.079
(0.0589)
lag5 0 .172%%*
(0.0560)
N 550 550
FESHPRIER . * p<0.10, ** p<0.05, %
p<0.01

N, FRATE TR SR . EE, ATLLE— stata 274 coefplot, 1 T] LAfHE H]
— R A xtevent,

* %% B E 12 /¥ fcoefplot
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8.6 =& DID

ssc install coefplot
* fflcoefplot &k & HH = LF#F % £ %t

coefplot, keep(lead9 lead8 lead7 lead6 lead5 lead4 lead3 lead2 leadl lagl lag2
lag3 lag4 lagb) xlabel(, angle(vertical)) yline(0) x1line(9.5) vertical
msymbol (D) mfcolor(white) ciopts(lwidth(*3) lcolor(*.6)) mlabel format(79.3
f) mlabposition(12) mlabgap(*2) title(Log Murder Rate)

M 9.14 By 78 EIFR AT LTS . ARPRATHY 8-9 4, BCHHIIN AR AZRHZKF 2
FIE, HRXWAESCF N BT D, I AFRATAT A IX A S s, A /b
FEARSAR B S HE 4% (MacKinnon and Webb, 2017). B9, 411214 2 A0HHT 6 47,
BRI A 2. HEBUEE, RAFXMNE LT T, X153 9.6 [1Y post JEHIAL it
BN —2, A G R TR0 LR E «

IRARRAIITEN

0.400
!

0.200
!
o
N

0.000
[e]
©
(=]
O
(4;]
o
(S
o
(ien
[x%]
=
e
©
=)
e
o
o
(e ]
=
X% ]
o
(o]

] T P I
0.137

o

o

S 7-0.261

' -oio4

o

o

ﬂ: —

Q@
T I T T T T I I T T T T T T
o2 9] P~ © (o} = ™ (8 — — al () < Ts)
© © © © © o © © o] [e)] o [e)) o o))
© © © © © © & b b = = 2 S S
o o Q ° o Q o Q o = i o o —

8.16: I FEME IR AT
FATFIESS S DID #1HH) TWEE {77 DA AR E o B2 R, 3RAT]

1] Goodman-Bacon 53K 5 751X UL AL A . Bacon 4] AHALFEAS t, FTLAE 2
{8571 post REAUAS LR BEEIH . "NIATERHY bacon S iF A At (R Bacon 32 Al LA
AR o AN, FRA1{E T stata, AF M Thomas Goldring [ =TT Nk ddtiming.
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8.6 =& DID

bl

* TX2RER

global law cdl

* Bacon®-f#

* fn#ddtiming

net install ddtiming, from(https://tgoldring.com/code/)

areg 1_homicide post i.year, a(sid) robust

ddtiming 1_homicide post, i(sid) t(year)

SEEHE SRR HY DID fl 1A Bacon 0 RANEE 9.7 FioRe FATPRACE LI LAY
DID fifte, SRR :

(0.077 x (—0.029)) + (0.024 x 0.046) + (0.899 x 0.078) = 0.069

Fe ] A HY B [ E R ) DID A Rl SO Bir A il RERY 2 x 2DID A5 A I
o TH., FATI Bacon 73 r] LM HIA Hi . TWFE By DID fh e Kok B TACHA Y
MARACPER R IR 22 0l B (T80 0.078, AN 0.899) o N[RI AL PR TR AL #EA
SR IR R ZE A TR B E RO G5 R ARSI, HBfSE 27 AR R

7€ 8.7: SEEMESOUCE (edD) X2 1 ARARFZNR] Bacon 73

B & RNUFER AT EL
DID {5 (post) 0.069%*
(0.034)
Bacon 43 WE P DID it
FELHALNFRLL vs 5 00 HALH 0.077 -0.029
S AL vs LI R 0.024 0.046
QLFRAL vs MAALFRAYXT HRZL 0.899 0.078

JES RS, * p<0.10, ** p<0.05, *** p<0.01

N FRATIRA Bacon AR IS, UNIE] 9.15 FrR o R EMUEE 1> 2x2DID
FoxSe MR, UFon 2 x 2DID fliif it 202G 3N iR TWEE [ DID ffiif

Ho
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8.6 =& DID

2x2 DD Estimate

C\! -
A
x A
x
™ x A
T x
%
o -
¥ x
%
X
%
o
' %
0.00 0.20 0.40 0.60

Weight

* Earlier Group Treatment vs. Later Group Comparison
x Later Group Treatment vs. Earlier Group Comparison
A Treatment vs. Never Treated

8.17: EEHM S HIRIN . Bacon 43 4]
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8.6 =& DID

8.6.3 H A& DID fhil &

B ESCAA, 2018 4E 5, O TAEIE S T EACERI s TWEE {5 TR A8, 15227
el T —ERE B IR T, AL D &AE 2020 4 JoE 43R, ATk tL ] LA
Z I, [DID ffridt e fIDID 5ofi Cik & 56 . Ara i DiD fl 1R L Tl e i H 2
QLT NMARVE XS BRZE, SRAG TG TR B A TR o ART . Bk 00 (0 F AL ER A A R HEAH
AR E G NREAERE, B, FRATUIERRRE . & DID {1 B EE 115 Bk AR B 56
RSB — R, HHP R ZEURIE Y M as i BTG TP AR R ATT SRS 254K ATT, 4
wr, ZHEE-IT R ATT Scff iR EERUY A o Scott Cunningham (2021) X485 (g DID {4
g A LU )

1 IAEAE-B R ATT
2 E AR I [R) PR S
3 4di%} (imputation) Jy £

Callaway and Sant’Anna (2020) 52 >% FH A9 A ZERE- B [A]f) ATT. Callaway and Sant’Anna
(2020) Fr =2, AT ERAITIAEARESR T T A 1519 2 x 2DID ZHAE-IN R ECx o JxX i
PR A FERE I R], A2 2 x 2DID Ay 2= bl g 2R EC AN BRSO g . fln, FRATIHE
ABARA S DR ORFENAfs2 08 F1 10 DI, 824, F-ATH CS (2020) J7ikmiEfh
11 50 AN ATTs o HEFRATRIFITA A ATT filiihin, FRATHAT DARYRAAE, WY, =5
PR R LR PR 2E ATT DIGRIG 41938 & DID ffiit . 4P, Sun and Abraham (2020)
it a5 CS KL, XA T 2 IR E N o XA IBCEE I R S ] ke " A ]
REZ IEW Tk T H B4 Stata G A] LIS 2EX M T, WE 9.2 F19.3,

{EIE, A A B 7 A A T AR E D BRAE R HIAL ATT FEAS R A S0 R ME—T7
o BN, HEZ (Stacking ) 2 FIATHYRATT 5. HES it 4 BRGNS SR ]
AR H IR, 40 2245 RS 4 4 o P AR I o8 10t TR T A 31X
FESOE B LR 2L B _EAS B33 S A0 FE TWEE [0l — HBCE g E# oA A 6 SRR
A P AT M, R b B AR R AR B H ™ Sl S8 )5 o] LM TH& SR TWEE iR
PR BRI RN E e RN, DAMS AL ER S I INABCERE . Rt SHESTESAE RN
T2 Cengizetal. (2019). 44K, A HE k.

B=Fonik R EITE, BN E2 SRR P TR SRS, i BRI A
T FBas Al T AR ERAAF R B AN o X7 18 FY SCHk /2 Borusyak. Jaravel and Spiess (2021
) MEIEAME TR, REERL i, Athey etal. (2021) T FH AR EE 78 B P 1Y 3
@M TR, BEEOR B, (TAZ DID M5, A sttt & .

IAh, AR —f NBER TAEIE3CH, Gardner (2021) 24 7 — Wil E: DID fili i,
EMIZN T EiR =TTk R WEOR B3, Gardner 58\ —HH R O IAL AL AN [A] ATT
W HFRZ280TR . #%H Callaway and Sant’Anna (2020) S50A/E— 2. (HE ALl B RS
TR ERACE R A TR ATT. M, IEA ATt i AREE . PR B DID (2sDiD) £ 2%
ST I KA A [H] E 8, (TWEE) [RH R )7 20— F e, i HEdg—1
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https://asjadnaqvi.github.io/DiD
https://christinecai.github.io/PublicGoods/applied_micro_methods.pdf

8.6 & DID

2RI, AU R IR THLAE, X E 5 Borusyak. Jaravel and Spiess (2021) [
AT IR L

Borusyak. Jaravel and Spiess (2021 ) f{] Gardner (2021) #[% 122 M C AL 20
RESE S RIAH B A8, R

o S, HIBARLIRAIIMAEASKR AL R (BIA A AL TR ) -

Vie =i +a +ep;
o HHb, MAIMAICTRIALHEE (EFREE ST HUINNE SR BREE S B PNME . [a] ) 22
o)
Yir =& — & = ATT,;

TR . T LA R AR AT Y ATT, . IHLAh. Gard-
ner(2021) i} GMM Sl %R, T BISQO21) il T H ok 8l IE MOl 2.

72 9.2 f19.3 HF17R T B Bacon 43N H & 11 FH Stata {11 135¢ & DID #2743, AT
WU ECF R, AEARPERRFERERY stata dofile HR, FRAZIE T Pietro Santoleri ft github |43 =[]
A LMETE 7 #OAR[E 22 & DID fh i 4 (F345 OLS fliit&) HY dofile. titdd, Y 1 Kirill
Borusyak. David Burgherr f{1 Pietro Santoleri [/ dofile, FAMAUEHEERALTTEE 9.2 F19.3 HHY
UL AT 6, IR Al T R

APt ERERY 22 S DID {15t Dofile SUA AT OMFRAY S A 00 E R k. M github R
AT, FTIF O eH Y Stata T H “staggered.stpr”, 1F stata fYI0 H & HR g AT LG 2
IHIPASCHE S A 9.16 firar:

E B3 Q-
IR RS _ R
Q El 9 B
B EEE
v & staggered
B 0.run_file.do

B 1.staggered_did_analysis.do

8.18: z¢ & DID {11 Dofile

o O.run_file.do: % Einf{TEAIE, I [ scripts/1.staggered_did_analysis.do ST 2 k. kA1
AT B EE dofile RS, A FEER 9.2 F19.3 s & DID FEJ7 6L, KA IX e
FFEES N3 & 1F stata_packages - SCFH . Fof A FFEE4T scripts/0.run_file.do
AR
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https://github.com/pietrosantoleri/staggered_did
https://github.com/pietrosantoleri/staggered_did
https://github.com/pietrosantoleri/staggered_did
https://github.com/pietrosantoleri/staggered_did
https://wenddymacro.github.io/Wenddy-XU/

8.6 =& DID

o l.staggered_did_analysis.do: £ 11 F5¢ & DID fliit5r, FFE H 5K HAEAF5EE] AN
[N TR A &, i 77 output 3R,

MR KK A AR A 2 & DID fly i (R 7 6 2 iR, v LAt scripts/0.run_file.do
HHEY global download J5 HYZEUELM O BN 1o iXHFERLS HBITHUT A 2R 7 6o

IR TWFE B SLAAAEAR Z2 B[Rl , (H/E Wooldrige (2021) (Jff! B2 IRARZ Mg 28 0%
FEAHINVEE, 2 UAE dropbox EE4 118 “Two-Way Fixed Effects, the Two-Way Mundlak
Regression, and Difference-in-Differences Estimators” }2 H dofile) #gH, HIEEIRATHE 24 # 5LitE
TWEE, FAMBSART LME T, HS2ISEE0T BIS (2021) 1 Gardner(2021) A BRI — R A
Rttt . Fernando Rios-Avila (f[171) B T — 5T “Two-Way Fixed Effects, the Two-Way
Mundlak Regression, and Difference-in-Differences Estimators”JF 5 # [ #EiA : Wooldridge {8 FH [
JTEARE RLT WP 46{E  (imputation) 25,

Wooldridge $2 th— N EIE BRI, JCHEM T FIRY T :

G T
Vie=itar+ Y Y dgx1(g.1) + ey (8.14)
8=80 =8
EBRAMZRNEY T, MBSO T A AT [A] B E RO, I BRI
[ ZH A X B — AR AL TR, AR 2B 5 A PT REFVZHAE-IN AIZH G o BER, 311521
) A BT CS (2020) Y ATT . Higf/@id, Wooldridge IAH, FAVE TWEFE AT, MMEFK
B IEMME AT TR idea 9EIEMBLAEE, %2 W Wooldridge 1 twitter i
Fernando Rios-Avila (fli[1/T1) 25 H T — M7k 3L Wooldridge 7775, FF4EH T —
MESER IR . T, FRATRE BRI F o
B4, % Wooldrige (2021) [jdofile XU f4::
o jwdid.ado: % U FH LA [E 2 R0 T3, AHIEBEAS f# A Wooldridge 713 1) Mundlack
Jiiks
o jwdid_estatado: — RFIFETRIRIFARMENI S
TE R SS . B BTN stata/ado/base/ S B [ FARF TS0, BN, Rk
LA AL RATICK N j 30k IXANIHE, AT LARAT T 1 stata AGA65 1 .

* fin ] Bt
use https://friosavila.github.io/playingwithstata/drdid/mpdta.dta, clear

* (A jwdid4, TR 5 N B 2 A 4 S reghdfe Ul X427 @ ftools
* WREAH REEFRFECAN (FERAATI W RAAL//)
// ssc install reghdfe, replace

// ssc install ftools, replace

* f# il judid 4
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https://www.dropbox.com/sh/zj91darudf2fica/AADj_jaf5ZuS1muobgsnxS6Za?dl=0
https://www.dropbox.com/sh/zj91darudf2fica/AADj_jaf5ZuS1muobgsnxS6Za?dl=0
https://friosavila.github.io/playingwithstata/main_jwdid.html
https://twitter.com/jmwooldridge/status/1427472491367305219
https://friosavila.github.io/playingwithstata/main_jwdid.html
https://www.dropbox.com/sh/zj91darudf2fica/AADj_jaf5ZuS1muobgsnxS6Za?dl=0

8.7 # %A DID #91mi%

jwdid lemp , i(countyreal) t(year) gvar(first_treat)

ZER R AER 9.17 v,

WARNING: Singleton observations not dropped; statistical significance is biased (1link)
(MWFE estimator converged in 2 iterations)

HDFE Linear regression Number of obs = 2,500
Absorbing 2 HDFE groups F( 7, 499) = 3.82
Statistics robust to heteroskedasticity Prob > F 0.0005
R-squared = 0.9933
Adj R-squared = 0.9915
Within R-sq. = 0.0101
Number of clusters (countyreal) = 500 Root MSE = 0.1389

(Std. err. adjusted for 500 clusters in countyreal)

Robust
lemp | Coefficient std. err. t P>|t] [95% conf. intervall
first_treat#year#c.__tr__
2004 2004 -.0193724 .0223818 -0.87 0.387 -.0633465 .0246018
2004 2005 -.0783191 .0304878 -2.57 0.010 -.1382195 -.0184187
2004 2006 -.1360781 .0354555 -3.84 0.000 -.2057386 -.0664177
2004 2007 -.1047075 .0338743 -3.09 0.002 -.1712613 -.0381536
2006 2006 .0025139 .0199328 0.13 0.900 -.0366487 .0416765
2006 2007 -.0391927 .0240087 -1.63 0.103 -.0863634 .007978
2007 2007 -.043106 .0184311 -2.34 0.020 -.0793182 -.0068938
_cons 5.77807 .001544 3742.17 0.000 5.775036 5.781103
Absorbed degrees of freedom:
Absorbed FE Categories - Redundant = Num. Coefs
countyreal 500 500 0 *
year 5 %] 5

* = FE nested within cluster; treated as redundant for DoF computation

8.19: Wooldridge(2021) [ did {15

WERBATE R AT A RIS SR (U2 N T4 stata iy < :

*x stataf A

estat simple

E2Z, Wooldridge(2021) B3 AR R T fifE%, (HZ, HEMARNE &5 50, 1M
HLE CS(2020) [ DID Al it AR Lkt FATEE A WIBAT T B VTR, dp At
REA S ERARZENE, XTI E T RE M A RITC WA ATT it
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8.7 # %A DID #91mi%

8.7 &K DID Hyfkix

8.7.1 LA DID Hyfhi Beikid

_iA DID NZA#E AR AL ERAS &, RPACER AR R R AR 5T T 1Y DID %1t . Brantly
Callaway, Andrew Goodman-Bacon, Pedro H.C. Sant’Anna [¥)— &5 [.{/F& X “Difference in Differ-
ences with a Continuous Treatment” {HCHTAT R I, FEALFRAR H oA (B AR a2 s i Y
DID & i, RIESE DID i itH, &gl i il REAE e min ™. 824, i&%: DID n]
REAFAEAT A nEE? /£ CGBS (2021) X LAERSCH, VEE(1Z R

(1) 387 DID H1, FRATXAT A S EUBSE?

(2) N TIRFIXLEESE, FRE T BT 2 B?

(3) WAEERY. (TWFE) [5]J55E H g2

(4) HAEEEFITHR?

TEAEB ISR, BT REE 2 2 18I0 B 5IES", RIMFICE T REAE M T B a1
a4, mAE RYEDEE . B, B 7T EIERESRA 5, A f]r85 R0 0E
HATUEFR XA, XEFRATLEHUE, MAEHIENZESA A &,

8.7.1.1 WHIMHI+

B M AT MY DID JHiR, 55—, BOAAREz 240 7255 A i
FIALRE, HACPHSRE R LA, BN, SARTRAAEEA, 1Ak, A LA RBA 2 2
AbFHL

8.7.2 NH: Tsrif EEHUNIVEL (2021) BYRAR 9T HIH S0
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https://arxiv.org/abs/2107.02637
https://arxiv.org/abs/2107.02637
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%9 = WisBlHBGT (RDD)

WRKE KA T RIE LT BHRATAAREHIE, B EILT 2016 FRIHFE, “HRAE
RD"——#57ft RD Z #SCikA#E, RD JEFEA 2. AERHBEAT I TLE IS 17— W al e (RD)
HIRLE SR RYFES . Hm S8 -

WH T8 RETH2R A FHE T, salACER R (RD) R KRy RE? 1R
NFEBEHN, TG, BAEEH) RDD 18 3R, 4B IR AAAE s AAIREL
JG . TTIRHFmE ] HAEIREHESC, 2/ NDHERE - “IBSURSRAVRAL , 20 RO FR A

RD WS M k. BT RAER R Ay R B AL o X — i LA A T $ 5%
P, FEAMELL 2o oh, IREEPLITE 2t (global) FEALIE AT LA 1, RDD 55T )5
FREEAILIAEE AUBGA, o n] DA W A E A R A2 AP ki g . X EF, RD
JIEH IV, DIiD B TN . AL & R AR AR, B LIS Ry 7
Py LYy

9.1 W< el 4G T &

REHBAEW A A2 b T AR WAL A R i 41 . AU 2 2 WA 20
DT I, 2019 A2 AN 11.55 5 (2020 4 A2 GDP iy FREAE KME ) o
IR AT T, KRB S —— WAL, AR REA AL GDP REE T,
., FEERRNAL 2020 4 A GDP [ 7.4 J37C, ARIRARSIT R T, RENEEENIL, AN
PPBONIEAE T o BIES TR eI BE NP 2. BN NBE T 15% (3817 2020 LRI ALK
GDP 4y 6.3 J170) o (HRRIAULFUZFT D], BBHIR AL T — M Rai @, FRALD T
L1 JioehiAi s

RXRE AR HEARRAL T — AT S BT BRI RIE N, A2 K
2 AR U SR O 22 01 B e R A A 8 R X 1 LRI R - (2, 3K
AT AR ERYE . PPN TR, EAUUUZ R R . A — /E
e UAERARE], WRBA A R, WHEM M AR TREE B A E R, HERW A E
e/ DRI, AR R0 TREXS P M X NI SRR o 32 I AL EDHT A B
B (Biad) WA (SR R), WRRADBR, ABBRNATREEH k-

H ARG R AET . AFRT AP s FOMECDURIRIN, B2 K KA 4-5 4/, BT
LLANEE, 2 2B WS, BRAMEIEERIN, (HR2XRATTRE, 2SRl R 1200 23 A
ZAD s ZRAWEERTRERM KZ2F SRR, BATARE R B W
HRRWHTE LB E), BEFRRON: THEAREIE . MHBRE A 2R, 2
JER, HFREE AR, BRABEE R K, 2 AR R, it E,
MR tLE —H, HERF A, RO RE E% .

WRBAVER N EWEEI G I PR “RIE", B HE AT MR ERS, FRATE o



0.1 ¥t &&= )atEit=

PREE MR ATREAE BRI A S, 2 AN AR, ABH B T, dniRix by /3)]
FABRFEIRBRR TR (L), W R AT AZERIE? IXAUR AR N TR
XA N S B BR 2 W S B I A DN 2

fEHRSER, IERTREH B MG D . AR S AL T 5 A w0 T2 A RO AR

Eﬁﬂ%—@ﬁ(ﬂﬁ)oﬂw,—4?$%€%§M%ﬁﬁWW%?@%K$ﬁﬁﬁ
(GPA) 2 AAERNUE BB AT o Aff Al o Y BRAR S8 PP AL RV 1Y idea, flit-2im A7 417
R A2 B LR 2L GPA AEBIELA T (s ]) HsAd st 5 RLE GPA £ FI{E AL
(g WS XA EEIRGIR A W 5 W ISR &

739112 /2 Lee(2008,JoE) X S 5 21 AR I BLde 248 AR A e A Sa et 2 A7 BT I
BT o LI R SE YRAE 28 HARTT A IR S AT I X 1T, SR AE AL . Lee DAREE
SEIR SR A HAEIR R A ZENZHZ R W, BN 0, HE ikt h 254
KT 0, RUEME REAN, SNIEMSEE. B S Ron 78RR ERIE, MR W >0,
RESAERL

Regression function fit

-1 -9 0 2 1

Sample average within bin

4th order global polynomia

&1 9.1 W [E A B A9 U A
SR T, N IRAEE R R IS R 2 22 W IR AR BAE wo HOME

VR AR IRBIER IR, A4, TN e 205 S0 AU B (EAL R A2 S it Fh A (oL Y
R THE.
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0.1 ¥y & & )afkit=

watEid, H R MR

1 if xi >2wo
D; = 9.1
0 if x; <wp

BUAEEZE AT, AIEIRAIIT SR ARIZER yi 5 0 AR N &R R

Vi =a+fBx;+ € 9.2)

FATINE S WTLAE Y, AE xi = wo &b, yi 5 x; BIZMERRAFAE A F)_EBEER (jump) AT
W (HRE, FH2E% (%) 2 49.8. 49.9. 50+ 50.1. 50.2 55, R LACHSEIRAES AT B R4
Zes, A, XA Bk A AR ME— R RUURTREE Dy FUALERAN, At AR SE R

S P BeR g, A, BRI EAS I MR B R3S BAA AN A B 70 BRI 28
R, FATRTLCRE (11) SUEHTE Rl

yi=a+B(xi—wo)+6D; +y(xi —wo)D;i + € (9.3)

FINSEI (x;—wo) Dy 52N T SEVFAERT U B A [FDHZRR AR R XS 7R (12) 3247 OLS
B, B2 6 w2 W BT R, N R EERUY. (LATE) .

FERETT T R BT U SRR T T

L5 (12) th s 78 H AR sl B0 B R R R A1 ], Rl S B H
FESEERH, — B RO I RER AR, R, AR E I, WAl RE S sl () M)
HOIME S i A2 ) MUABSGEERIA T, AT 5 | RS i 3% 5

2. FEAZHBHWEE T, MRITRPBA (0 - wo), TRMMM xi, M4, B ER
WP EE R 2 22, (B FFATET XIS EIAZAE (x; = wo) ALBEERAIERES

R T AESH AR BEA, S5 R RBRERERT R, ARSI A — A e AL B
R ARE LN ISR R o R B (RD) 321 B X A RHEIRT f{RJH (sharp RD) 15
W el (fuzzy RD) o SRD FEW R X = wo Ab, MARESZ A FRHIER M 0 BEERE) 1, 177 FRD
FEWT R xi = wo 4L, FATURNTE MAREZ AL FERIBER I a BRERZI b, MO0<a<b <1,

9.1.1 K5l w0 H

f£ Sharp RDD 1, #5240 HSE 2 2 H AL W R HlE R —BERE: H W >= 0 /],
RESCRAANSE, JW < 0l, IRERAM: M D 2R REERAAELN, HW>=0
i, Di=1, HW <O, D;=0, ERXFMFIE T, T ARG HHEY £ W = 0 ZLAy Bk
HLET W= 0 B AR AR AL LR .

R, FATRTLAER], @52 — R e A4, BT AT LAAH (12)
AT OLS fliHWe? mILUZRILL, (EUZIXAAAE B4 )

I ATREAEAE R AR t At it , A SRIRNA HOB A R (i — wo) s
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9.2 Wy &= )2 69 AL E FAE

2« Wi BRI LAEAR 2 R Bl sess”, I MR B, FRATTRC% 2 KT s B A0 £
AMEREAS , (HBA RSP 2 R T R

N T R BB IAGE, FATAT AT ISR, FHERGE x FITEH wo —h < x; < wo+ho IXH
Y h RS B [T HRAEN

Vi = a+B1 (xi—wo)+B2 (xi—w)*+6p, +y1 (xi—wo) Di+y2 (xi—wo) Di+e1, wo—h < x; <wo+h (9.4)

A2, BAERNTIA R E &1 T8 h, ISEAReNTE (13) KWFe EiE h i, —ExK
HAES R G/ IME Y T %= (MSE) o BRI, h U, fmZEdsN, HE2H T 2S5
Ky RZIRK

W RS, FRATT— Al H R A% [E] ) (kernel regression) : — 1% (triangle kernel) 5
HIEHZ (rectangle kernel) .

KT & A

Lo FRATRT AR (13) =CHRAIANEC I Y RS & o BRAAWT Rl SRl i se s, B
TR A i AN M By DA R iy — B, (RN SRR . I\ P55 A] DASA#
BT REY, B4, Bn] DABARTT 2. AT i, (HIRALRE : WA b As & 2
WAL, HIRZEBMEX, BAMEE0ETTE.

2. SEfR B, W RBAA DRSPS RN R AEEBRER, L . SR AR
FAEWT AR, B4, FRATELAREIE 0 &RBIA PRGN o IR, FESziEkrr, Tk
BT A PR A A AR A e, BEA T RLRDE S S AT A AR B ER

WA, FRATENZIER WA . MR ELHTE SN, @ 8 5178
ke etEfiladAzw, B, Bl AR TR N AN HIH, XS 7oA
Je, T RLENIH R R

ANt FESEBR R, AT ILFERCHRH LIS, DiRas .

1. i = A S AR A4

2. A3 EA A AN [F) e B ) 45

3. AR AL PR R SN S AR T Y A5 2R

4. FATIRERIBOERTICIN , FER I ARt S AR v 1 S5 A T A i A 2 S AR kR

9.1.2 O < [ )

f£ Fuzzy RDD tf, 225 fid BUE S M SR A S A0 P, (HIXAS 2 R e AL P A M —
SOMAA R o BN, (BOAT LS GPA fEPIELL T RS2 A FF A SN A ], 1A 28 GPA i B {H
HIZE AN SN T A R FUERUE — I E treated AR E R AUERERY—HB 7, A4
EIREOU AT RES . AEATHIIT R EA TR, X — S IR ZEI ws K.
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9.2 i k= )2 89 I T HAE

9.2 W 8] B L 2 Bl A

TNHBNAL G TAHRBEAT BT T2 2016 7R A i 251 27 AR Rl FHE S W 25 a0
JEENET, FFi T Ly R

1P

GATACE AR B (assignment variable, N running variable. forcing variable) J&{5#7#RI) o
) A B AR S A o BB T, R E SR AR (bin), 1) HH OB AR EEAY P S
HJ7E (histogrm) o iy 7T B SR, FEARRY 362G/ N JiE (frequencies)
FEARIR AT BRERCAE AL, BB ALY BRER 2 5 IR 45 T T— 25 & o MO AR BER U, B
TR FAARZ R FE A TS — T Y A Ze McCrary (2008) Sy W B e AU A3 A7 AE BT R
PRt T IEM RIS (div 4 & DCdensity, /M2 PRI & B <RI 3T ) Stata [/
> (BB %5 569 1) o #xilL, Cattaneo et al. (2018) f2 7 —Fpflitir, XMIEAIER
ZHH FPATRERSEI, B EZERE TR ERE, 1 HARA S AL Cattaneo 1T & HY
RD P27 AL HSEH

B2H

et —EAH BIREAR, SRIAAS AR SRR Y4B, 18 H A (B A AR ] R A AR
Ko —EZEGDARFEMERNE. REREFREEIRINESE, IBABE KR, HAH
AR IER . ANEEIAESHAL THIES, PRI J7 12 B SR T 25 H A7 AR T R
PG, RV EURTP A A AEXFERI T e T 24 158 AR iiEY.  (Cross-validation, CV)
R TE . — RIS, 8 T & B R AR, AN Bk KA T8 (H2, 98 K/Mibss
FEENHBAAREAIVIR . RN AR S B AR WT R P AR R A2 A, AT RATIEH A
HHRV IR/ N e ISR EIE HERE At RIS R AR A A Bk, AR BH 7 Bt AN AT GBS 21 2
FH 4

B3%

¥ Y FER RN R BMEVE RS b, TGRS R BB AR Z R H A, (£
W s P B R, 1S B AR LS E . XS EE S 2 SREH, FFHEE
MR . AEHE SO B RD S0, 2RI AR 1 21 4 3R, (HIA 18 S0
B2 2R E] 4

Hap

o5 i AL BEAE T AL 2 A BkER . 2B HIZE 1 20E RD Jy AR @E PR D AUAG 5
BRI ZS 1 AR =P BB E AT E A S K. TTIESEOLZIES4, RD 5 HE
HIPE D XL AR TR R SR AR SR A A R D SO T iX 2 a1 RD H1E 30,
RELZ MR EL, A0/ U2 RO E BRI EER—A Y, FE SIS . 2. BRTEZ RN
AR, A, Qb . FCE AR R 2RI AR AR FEFORL B AR 5 25 YR 28 B E N
HA gD, BEEIH. —DEDER AN EIE, FIA RS ERAS 5 REE THE S ER Y 0.
For g X m s TR AR, FREUAERE I (Seemingly Unrelated Regression, SUR)  (fi 4>
& sureg, JHTEDLBRORIMEHY R 4bt sy e Stata B > (S5 Rk &5 471-474 1) o {E4E
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https://cec.blog.caixin.com/archives/193848
https://cec.blog.caixin.com/archives/193848

9.2 Wy & = )2 &9 L E ) VE

SCN B A RD Sk 3 (JGHSE AER2015-2016 4E A H RD i)~ #73H] SUR,
SUR TR AR G A A ERAR Y R U T4 0,

w54

For 3o 2 SRS [F) 7 BE B AR 1t o 22X B 38, — R A JE Y — A 5 o Lee 1
Lemieux (2010) 4124 | AR E AU SE A 745 . BHEHINNE (rule of thumb) 3¢ XAk
% (CV) o BAE, T A 7R LA sz RIERY T35 IK 351 CCT 4. 1K j£LL Imbens
F1 Kalyanaraman /> Af744, Xf &1 Imbens F] Kalyanaraman (2012) . X518 S0 A FRKAE
Review of Economic Studies, Lee ] Lemieux (2010) AP 215, 2009 45f¢ NBER T AE1S
Y hi. CCT 3L Calonico. Cattaneo ff] Titiunik — /™ Afy4%., X &1 X Calonico. Cattaneo
1 Titiunik (2014a) o HAESEOE BT RIEEAG T AT stata 474> rd, gUE ] IK A5 E AL
M aw . stata 774> rdrobust. rdbwselect, FEfit CV. IK. CCT =FA[E [ Ay 5 it & 7 ik
T, 4R, R4 Calonico. Cattaneo f] Titiunik (2014a) 2014 4F % F/E4-T] Econometrica _F,
AER2015-2016 4F_| {30 &% A LB K. AER2015-2016 fE[1 6 FtHE e, (U 1 £E
F5ik CCT, HAth 5 Famig /40 Calonico. Cattaneo f{] Titiunik (2014a) X . FRENA
file! MEEZR Y CCT 44 A2

SR ZUEEBUR S HB E AN R 98 S A LS XA B LATE Y1, Bl x Rl@ide, y #lEqfit
) A B E X R R B A A Y. (LATE) o

B6L

ALtk RA RSB AR S - SE2ECNSEUTE OR R 2 I RED IS « FIHHAY RD 3¢
Bk — AR S PR 2 T Ak &L, 7] 7R s EEN] (Akaike’s Information Criterion, AIC).
RN E S ERE 1R07 2 %7 NIRJTHIRZ TR, AIC BUE S/ NAB 3l
IR . SRR, KB 2/ DU RO R R T 6 e TRAMEMT 5T I FR 2 2
10 YKiA /2 100 YkWE? Gelman Al Imbens (2019) fEBR T FA T M ixi. #R¥E Lee Fl Lemieux
(2010), PCEAR Y IRECEI S N Ko H/2, Gelman ] Imbens (2019) B850, 1{F] N ik
HIEOEEATS, 2 REERE 2 . 2T ERE, M1 7 =54, BOSBIiESF R BN
WRBATESEGE: (20 EE) MHATEMER, A, &M I E 23RS 5 5
HIRCE . [Alth, AER2015-2016 4F[A]firA 1 RD e 30 (26 f) H, 5 FARR 1 kel 2
Ko Bt JUF RZ RG22 R EAES 0T BRI G AR et B - A i e

BT1H

RO 45 SR N HT B AS e AR E o A BT, SRS RE R e B AR e R e, AR
ATCWHIEZ T 5 ARSI 25, BRI R E 22 S AR A N 3252 M AL B8N ) Aty
SR WRIMARTEA 8 FEUC U Al 145 R, IBARCE A ] REFAEHE T
MG, HiEAARAEW AR T REGAAEBRER . SEHRAFEfE 2 WUk B s . BRI T
PRI BTE A o Q1SR B HR AN Al THE KR AR B S B r IR KRS i, AR m]
RERME R Z T IREUR IR/ . 73— i 2 sk 20, B A RREH) 2 RG]
FRZEIAE TF AT

B8
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9.3 stata #1E

I MBUE 2 AR G R BN S W s BB T R S (R, a2 I R b M — & 4
AACHYRACTRAS o XTI i 28 AL FUIRAS Y A AR IR fAL 2% 2500 (B2, SEikrpr, JL
PR R0 A AT B AT LIUFT A P AE F 2 AR AR IR kLA AR R s JX AN INBE , FRATTAIE R i)
FIMBUE Y 45 SR AR H ke B — S8 B S A WL AR A W i AL A S5 R ER s FRATMUA AR 2
RSN A e L S AR A R HI AT, RIMBUE RO A5 R A Sk Ao AR e . 4 SRy &2 SR
SERERE: WS PR TT, —SeRR AR (Bgn, MES AR A ) R M. Ik
NS o TR P AR BN B AR T SO B H B R BRER T TR A AR R B2, T RETR
M A RS R RAER 2, X I E oA — LE e BRI 25 R 2 R B 2 & A AL BRAL
B, FATHFEGCAE, AT RD BRGSO A TR B A 2 B 1Y e X iz gk
AT ENIINTE 22 B RE(EAS 2 BP0 i B9 A8 S/ i A2 BV AT o A SR B A S b e
IH (local regression) , HAFEHIAL il & —FHEALITT B9 7715, FAFRATIE AT LA# A Calonico,
Sebastian, Matias D Cattaneo, Max H Farrell, and Rocio Titiunik (2019, RES) #2HAY—L77755k
fift R s nl i, FLARAT DAfErd SR A rh S B

H9P

F(BUE H T 1SR AL BRI B o FRATI TR SR L S RO PT I A I (BUE — LBl R, AR
JEAR S 25 SR AR T AR TR LA E HY T AL B AR “BER s AR SRS, B TR BE ]
&5, TERER A, S5RAFRASHHERBER. Ak, Imbens and Lemieux (2008) i i H
ACFRZ PRI LD B A B TR AL ECR I T 2 ARG 3o AE R AC B U i B P LR S e it it
FE A RERT B . RO FRATHURN AR, I, Seitarfe s ] LAESI2 2 BRI 4 B
I EE

510 25

TR R FRIERU ) Tt . AEHABRI BT, AR BevE ROy A F 2 B A B B
AR, F XL A 5 S A RAR S 728 HLo (HZ, /£ RD H, X MBI A KA. TG
LR RIEFRAT TS el FH P B A et 0B s B T OB A A T, S AR I, T R
[E TSR S FEAE T B A AR 2 ) . SR AR R FEAY, fE RD R 2s S EUNMEAA,
XA RD R AR RAREARAE AR ZORAET 1o Bl LA KR A9 SCROT 46 (68 I8 ) 4500
A (g 3OABEE T X AN ) Sk iR, Practically, this means weighting observations
of one subgroup inversely to the propensity to belong to this group on the basis of a set of covariates.
Doing so generates two groups who differ in the moderator but are similar in their weighted propensity
to belong to each of the subgroups, based on observables (Gerardino et al., 2017). Once these weights
are applied, each subgroup-specific analysis can then be implemented. See more detailed description
of the design in Gerardino et al. (2017) and Hsu and Shen (2019), who also offer a Stata 27
rddsga to conduct subgroup analysis within the RD setup (Carril et al., 2017).
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https://rdpackages.github.io/

0.3 stata #:1%

9.3 stata #:1F

. AL Lee(2008) HIZE K R — T Wr sl =l H Y stata #5245 X B RS a4
Wﬁ“% vote /RN RS AL SE A margin F27R [ S0/ Bk sEt - R S AL B LA
TIEEM R 7. K, m@m%%%%ﬁg WIER margin KT 0, RFEHEELE, X

521 SRD. FRA VSR IR , AEAL R SRR H s FRAPHAEAIREIAE margin+0.5
Za), FEARLEA 4900 1.

B, THZAER SEH A7 4 . Calonico etal. (2014) $2{t T —PL [ THEATH KEH 595
M2 2 rdrobust, HHIMELA =4 : rdplot——¥ i{EIHEJE ; rdbwselect——it i 5 1L
R = EIVSE iy e
findit rdrobust (&%, 223 rd FEF)
stata 2> HH SR T A1 AL E]

H7 %% . rdrobust

search for rdrobust

Search of official help filea, FAQa, Examples, 5J=, and S5TBs

5J-14-4 st03ee . . Robust data-driwven inference in reg.—-discontinuity design
_____________ 5. Calonico, M. D. Cattaneo, and BR_. Titiumik
thelp rdrobust, rdbwaelect, rdplot if installed)
Q4,14 57 14 (4) :303--3948
conducts robust data-driven statistical inference in
regression-discontinuity designs

Web resources from Stata and other uasers

{contacting http://WWww.3tata.com)

2 packages found (Stata Journal and S5TB listed first)

at03&e_1 from hittp://www.stata-Jjournal . com/scftware/sjl7-2
S5J17-2 st03ee_l. Update: Local polynomizl... / Update: Locsl polynomial
regression-discontinuity / eatimation with robust kias-corrected
confidence / intervels and inference procedures / by Sebastian Calonico,
University of Miami, f Miami, FL f Matias D. Cattaneo, Uniwversity of
st0386 from http://www_stata—journal . com/software/ajli-4
5J14-4 3t03ee. Robust data-driven inference... / Bobust data-driven
inference in the regression— / discontinuity design / by Sebastian
Calonico, Uniwversity of Miami, / Coral Gables, FL / Matias D. Cattaneo,
University of Michigan, / Ann Arbor, MI / Bocio Titiunik, University of

{click here to return to the previcus screen)

{end of search)

9.2: &4 rd FEFY

R “st0366_1 from http://www.stata-journal.com/software/sj17-2", H A\ T A F 15 1 “click
here to install” {72225

ok %m@oﬁk

rdplot vote margin, ¢(0) nbins(50) (¥ 5 [54])

W=, ERERT . M

rdbwselect vote margin, c(0) kernel(uni) all GEE&HGH

=
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9.3 stata #1E

Regression function fit

-5

Sample average within bin

4th order global polynamial

5] 9.3: I s RV IAE T B RIS

rdbwselect vote margin, c(0) kernel {(uni) all

Computing CCT bandwidth selector.

Computing IK bandwidth selector.

Computing CV bandwidth selector.

Bandwidth estimators

for BD local polynomial regression

Cutoff e = 0 Left of ¢ Right of c©
Number of cbks 2740 3818 Fernel type
Order leoec. pely. (p) 1 X Min BW grid
Order bias {(q) 2 2 Max BW grid
Range of margin 1.000 1.000 Length BW grid
Method h b rho
CCT .1198642 .2299834 .52118658
IE 1781133 2221868 .8016402
cw .30Z201 NA HA

] 9.4: i BEIE 2R

131

Number
NN matches

6558

3
Uniform
0.00300
0.33370
0.04384



0.3 stata #:1%

ka4, kernel() BN EZAMTT T IALIERR RHEAZ. 1528192
gL R i =N CI VS A N R DA
rdrobust vote margin, ¢(0) kernel(uni) all (f&{W7 = B EAL )

. vdrobust wvote margin, c{0) Ekernel{uni} all
Freparing data.

Conputing bandwidth aselectors.

Conputing variance-covariance matrix.
Conputing BD estimates.

Ezatimation comnpleted.

Sharp BD estimates using local polynomial regression.

ERE

Cutoff ¢ = 0 Left of ¢ Right of Number of obs = 6558
NN matches = 3
Number of obs 698 T259 BW type = CCT
Drder loc. poly. Ip) 1 1 Fernel type = Uniform
Order bias (qg) 2 2
BH loc. poly. (h) 0.120 0.1z20
BH bias (b) 0.230 0.230
rho (h/b) 0.521 0.521
ODutcome: wote. Bunning wvariable: margin.
Method Coef _ Scd_. Err. = Bx|=| [35% Conf. Intervall
Conventional 06622 .01126 5.8822 o.oo0 044155 .088285
Bobust - = 4 8784 o.oo0 .03753%9 .088101
211 estimates.
Method Coef . S5td. Err. = Bx|=| [35% Conf. Interwvall
Conventional 06622 .01126 5.8822 0.o000 L044155 .0a8285
Bias—corrected .0&6285 .01126 5._5828 0.oo0 .040785 .084315
Bobust .06285 .01z88 4. 8784 0.o000 .037533 .0g8101

K 9.5: I iR T4

LA VYB3 2 W s B ) B AR E 2D 3R
T, FAPRIEAN AT IR = od S B RARTEES
rdplot depvar indepvar [if] [in][,c(#) p(#) kernel(#) weights() h(# #)

nbins(# #) binselect() scale(# #) ci() shade generate(id_var meanx_var meany_var cil_var cir_var)

graph_options(gphopts) hide]
[N A
1. depvar j&45 A8 0y 5 [RIAS B al o fb AR e s
2. indepvar & FE 411
o F A AR O R I
3v ) AT IREW RIALIE
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4. p(#) BUEZ WAL

5. kernel(#) % EZMTTEA, B =F: —ff#% trianglar. Epanechnikov #% epanechnikov.
4P 4% uniform;

6. h(# #) I E W 5L/ A AT 3 s

7. nbins(# #) BE KI5 X [AIEL

8+ binselect() 13 E T # AYIERE 7%

9+ ci() shade i A IXTAHUG RV EAS XIH] . shade FRIREAF XA IR ETR

rdbwselect depvar indepvar [if] [in][,c(#) p(#) q(#) deriv(#) fuzzy(fuzzyvar[sharpbw])
covs(#) kernel(#) bwselect() scaleregul(#) vce(vcetype[vceoptl vceopt2]) all]

AU S a2 S I E A S AR Z HFE . TR

1. q(#) MW 218 1B 2 T

2. deriv®) A LA TA T EIE (RKD), 0 AW, 1 534 EIE;

3+ fuzzy(fuzzy-var[sharpbw]) FHTHHWT fUR1 SOOI 2547019, fuzzyvar 2 JF A48 &t
sharpbw &7 {8 F 45 5L T Y s AU 9

4. covs(#) GIA ML

5. bwselect() /iy B Al T 7%

rdrobust depvar runvar [if] [in][,c(#) p(#) q(#) deriv(#) fuzzy(fuzzyvar[sharpbw])
covs(#) kernel(#) h(# #) b(# #) rho(#) bwselect() scaleregul(#)
scalepar(#) vce(vcetype[vceoptl vceopt2]) level(#) all]

Tt & 5 AT ar AR L

9.4 RD HJ#rikfE

9.4.1 Kink [7])33%1}

47, FBATEEFEZ AT R B B A T o BB SC R I Sz 0Gl, i,
David Evans [ blogf[IChristine Cai ¥ [ 81 RD ko 0¥ : BdEP— FZAE running 25
H A BB A 2R BRER, e it, SR RENSAA (88 BT FAE B
H2, WNERE _EoRut, W sdlm it B ] PALEFRAT IR 404 45 SR AR T AR T s B i ) A2 4 (Nick
Huntington-Klein, 2022), JX#iEbRE MUSGE BER IXF . B4, A 22002

R, Wi, SRR A RENER, e, B pgs R
MBS SRERA &, (BEIRATAT AR SR B i R 4R 780, Q& 10.6 iR
Wr el Zb B AL PR 15 25 RAR A B R AR BRER, T2 A T 25 SR AR H R running A8 i X 2
R R AR, RIRER& A T4,

XA AT LU W s B30 RR 5 e B, X s E AN RE ] B4 i £
FEE T, B SIS R B0 BRER 2R (HE, ANEHRL, Wiaits S LU, g

TE—EMETE. Hl, RPN
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https://blogs.worldbank.org/impactevaluations/regression-discontinuity-porn
https://christinecai.github.io/PublicGoods/applied_micro_methods.pdf
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B, CHIMUE TR RS X Z BN R R i, SR A0TEH B S mH 3R aRk
RS IR I BN, FATH B EAE running 455, HERGEMREE A EE R AR E .
2y, AF 2002 SRR E 4T JE SRR TRE SRR L2 I RER . H2, RATFFBCA £ 2002
B 2003 2 J5 A BRI R 0 TERERIE AL, TR A T R U U 2002
EZRFERT (W, RERART), WK 10.6 X FiE .

S, WEARTRA TEY (Kink) o 2 EUFBERHEAIXFRHE. @i, Z88H) Card
etal (2015) P& kink [A1)H o VEERFSE T BRI Sl RO5 RO Jlk B K BE R 52 o
BRI SRR 73 T AR ERS R, MIEFINE 55% 2 fmaUE . Bk, 1EF I Z running
B, BESORF SER N EE, 7EX— R B IR Sl ARES S 52 A 2
R 2 Sl R ES e KR ER THIN . Ol AN B E AR KRR L TR, XA Fr St <
P, B, FRATAT AT E N S S S0 — D IE IR R, HRIWNSAL, RG
FEWT R RS SOE T-F2%, Wi 10.7 s

o
O_
N °
° o
@
o o & ° %
3 o® 3%5;"% e g e
<8
=
{ie
|_|__|
o |8
073
§
Fo o of
-]
ogfo
o—g i
o
o
o
3
| | | ) | I
0 20 40 60 80 100

A 8]
1 9.7: 15IF 2. 259 (Kink) %k (BHEHRE)

N IATPRE R
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9.4 RD & # &

9.4.2 Z Wi AT

(EZ M RD BEFE T, e HE S S W O T T A AR E A, JF Hoe2MEE .
B, YRR R SYS R R T D BERD, Mt IR R, XS IR T T
LAERVECHIE, —REE. 2, FESLER, T EEW TR AR BRI H
w, Rk NRYEZER, SRR EAD R, RXEHRE, CHYUEEZEN T2 S W
151528 . Cattaneo, M. D., Keele, L., Titiunik, R., & Vazquez-Bare, G. (2016)¥iX—2%HJ RD &1}
PR Z Wi mE 8 T 8 A — W, (B2, Wi BEE R RIAS L. (R, W sin] DA & 21
i N A e BT S AT Y

B AT BRI EdE, HHRIKTTE R

T, A= oRE R Z W R R ezt A5 EE . ZOIFEEEYE K B T Cattaneo,
M. D., Keele, L., Titiunik, R., & Vazquez-Bare, G. (2016, The Journal of Politics)

9.4.2.1 ELPYPIBLAE Ik 28 L 3

FESRTITTC s, BV S RS R e, B P R 2R s 1
X, KA =42 IR RTMA R ESEN LA (FEIR) BokRER
AR 70%. 35101 £ T B R E R s 4o TR ZR R, T
BB AR R, TR PG RIS RPN X ) (0,35) ,(35,40), (40,45) ,(45,50)0 X5 T4
XA, & 10.1 Hod 230 T BOR RS s 5 2R, IR — PSS fs, —
AU A B R S 40 T A5 B AR 5 R T T %O SR AT LA 2. (B, fEZ5K
SEXERIE T, RSN T o« 0, EPGHE R IRIE T 64% LS, &
S SEA T AR ELRE /D 35%,

9.1 B REE SRS XT T A A KT R A

RGN FERER (o) HAR R KM (T)

0,35 1346 8491828  15.08172
35,40 986 63.89452  36.10548
40, 45 1251 6227018  37.72982

45,50 1490 61.47651  38.52349

Counts based on mayoral elections in Brazil in 1996 -2012. Source is Klanja and
Titiunik (2016) replication data.
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https://www.journals.uchicago.edu/doi/pdf/10.1086/686802
https://www.journals.uchicago.edu/doi/pdf/10.1086/686802
https://www.journals.uchicago.edu/doi/pdf/10.1086/686802

9.4 RD & # &

9.4.2.2 ELPGIFHERS % A RTBOAR I B
9.4.2.3 SRR G S R

9.4.3 HiFpWrsiEH (Count RD) it

FEALT Kink BUTEIE, nIRE5 AR b A W i e A B SEAFAE B S 22 55 (B il - MM E A KT Rt
P 22 55 O KR s 5 Kink AN[EHYE, BB Y 28 554 B S22 oy T 485 S A% i A A
HRHE S AW B S S o 2SN S A B i B 3 S AR T e A T E S e, fE—285%
fEF, AT UAS S HES BOWIME, U EHES B FROWIE. B —F, WRE ARG
M & AENMEHE Y, A AR AL B4, FRATNV IR ABLE HE P AU E U E .
s 2, BAVEWT RMHEdZ— 0, B S22 A5, B4, FAOMUL BRSNS R . Fh
Alan I. Barreca, Jason M. Lindo, Glen R. Waddell (2016) 51, ZHAEAEWT Sl HESIAEREL
HY, R, AT &8 RD BS54 51 /M0y Ailt, Alan 1. Barreca, Melanie Guldi, Jason M.
Lindo, Glen R. Waddell (2011, QIE) #2H [ —FpHE 7 W milm R e bR HES )i,

2020 ©F AEA R H AR PR TIXAN 75, HE—Lidk e LA2 Iason Lindo HY

twitter.

9.4.4 75 W A
9.4.4.1 A

P72 FSIEIA RS RIS BRE NN, Kl /KIRA I M . Xk
(1) HHE A REDERERKAEAE— DB Al s ZKER )7 R AT LIS 25, i3 s T /K R H
M TCEARATIK s (2) TREESRACR IR = NI VA RN, AR REIAN
s, R, FROTAT EAAAZK SR WU ) F 2 BT A1 o 18] 9.8 o

R TR B T 2N I AR . IR I B T R R 4 ), 7RI
AR A AR D, IR TR A2 5, FRATTRT EMBO AN 22 B2 T e
IEAHACIE S B 1A 9.8 i, JKIRAIMT RUE T I X T R IR R X
F o DI B T /KSR, i DART LAAS 20EE, T DX i TE /KR BJ7, BT LARBEARTS
B L, FATET/RERMMELAEEREN (B, 50 Kk LA AYTEBEIX IR0 o ez i
BRI, HME—A 2 2 & A r] LIRS R, BRI, 3RATAT DB AR ™ H B AR AT 22 SR
SO T RGBS . Xl =S | si=lH .

FRUE 23 [R) B iU B 5 0 s R RIAR R, (B2 AR e, (hEEE B[R —LL
Fepm = 72 I Keele and Titiunik(2015)f1Matias D. Cattaneo, Nicolds Idrobo and Rocio
Titiunik (2020) . Florence Kondylis and John Loeser (2019) XF_FiRSCRR T 35 HAIMEA :

o SUMAMITHHYZE S+
o ZEWIN: 520 RDD B — W fURNE, 23 [E) RD A28 FEANE 2 W7 o
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https://www.aeaweb.org/conference/cont-ed/2020-webcasts
https://twitter.com/jasonmlindo/status/1240261010319118336?lang=en
https://twitter.com/jasonmlindo/status/1240261010319118336?lang=en
https://www.semanticscholar.org/paper/Geographic-Boundaries-as-Regression-Discontinuities-Keele-Titiunik/5512e7591e86963e89a39984e770b0656fa2b0e2?p2df
https://www.cambridge.org/core/elements/abs/practical-introduction-to-regression-discontinuity-designs/F04907129D5C1B823E3DB19C31CAB905
https://www.cambridge.org/core/elements/abs/practical-introduction-to-regression-discontinuity-designs/F04907129D5C1B823E3DB19C31CAB905
https://blogs.worldbank.org/impactevaluations/spatial-jumps

9.4 RD #9371t &

DCommand Area: w/in 50m buffer
|:|Command area: outside 50m buffer
.Outside command area: w/in 50m buffer

I:lOutside command area: outside 50m buffer

9.8: FHTIAMIMEIE/KE , & B 3EJEFFLORENCE KONDYLIS and JOHN LOESER(2019)

o BHUMAR: fE25H RD /1, s adRE s 2 mA w T, g, s e S
=] LT B RIEAS BUOR RN o 11458 RDD BRAKUAS I IIMFEA, W R B
AR 2 B9
o FUMARUNY FRAR Y 22 57
o FOEBUR: XT %48 RDD Kl , @EIEW St A R —BUR . B2, fE25H
RD H, BRI AR A 2 D BOREN . XM, Gt i o 4t
PHEHIRE INSET s AR, BB B ER IR A A S BOR AR A I B i 2 A Y 224
(=R
o HOERYGEH 0 FEZ2 8 RDD H, B R BT A AN T S AR U B R R D, TR,
PAE W 125 B SO BT OB I S MR S AR /N o (B2 /EZS[A| RD A1, A
Bt X O EARARMER S ENS B A LRt ) SERYBOR H E A JER A6
RN, XS b T A RARME R —— A5 it (S SO Al TRV Y & S, (HEFFA
BB TR BUR A — F R R, CRR T QB 2 A R B E B AR ) o
o IR AEZMRD HR, A TSN 2R MR B IA R MATH RIS kb B O
SRBORAYALEE, R, IXFPRas a2 i ok i i, RN IX A A A E AL T AT
JEATREAET AN . AE=S[E] RD R, BIAMIPRA B ARER S, (Ehs By NEE S
WERT LA B o PRI, AR 1/ N
o SMMMEWTHYZE T o fEZSA] RD G5 SRAAC M # BoR th S [|AEC . (AL, IRZ5H
#BJH Conley Frifiiz Bl E SR RARBARME SR T IE 25 (A AH K R, 3H 25 8.2 W David
McKenzie [11# . “When should you cluster standard errors? New wisdom from the economet-

. »
rics oracle” .
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https://blogs.worldbank.org/impactevaluations/spatial-jumps
https://blogs.worldbank.org/impactevaluations/when-should-you-cluster-standard-errors-new-wisdom-econometrics-oracle
https://blogs.worldbank.org/impactevaluations/when-should-you-cluster-standard-errors-new-wisdom-econometrics-oracle
https://blogs.worldbank.org/impactevaluations/when-should-you-cluster-standard-errors-new-wisdom-econometrics-oracle
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A2 BATTEBRRL AR, R AR A PR RSO 3R 3 T EL A R LR 2
o VLR

o B IMES A i 23 AR A5 BEFT IR, SR)5 FULINE 5 40 s 2 T 25 2R
Z= 5t eligibility 2SR EATEIH . R, T eligibility (UUERT R (BIE) 42840,
AL, HERAET 0 H o kAWM E AL 2B fa A AL A 55—

o DUPCRAERREDL ISR T (W T RICACIENA) #RA Ry, BRI G B4
UM SRR AR, I FHAER eligibilty JC2E 5o

o ZEJILIH R [F1)H

o N EIAZ S R AU e BRI AR A N BCE AR B A B (A AR Y
AR IE, A FASHIME R 50, 285 25 RAL X B A B A TRl
R B B B R B S B A H Y S EL IR

o B BRI, XA TR A B R/ NS EST RDD, 285 441X 4% RDD
flithiee AL, FEfE R8I, ZJT A e ERT RDD (B R AT 2L

o IRA TR (IR ERY)

o TR UIEIT, PSR, SPBHSE, DAL kA FITH AT A 1
TR AP E, BE LR ER S (kR RE R SR B B~ 12) ArA T
HI~F- 5

o RJE . HEEADMIEER (B sl ) MA-FEE: X E e = m
EERU", TG 2SR BES R (B )

o BRI AR EEE RAR FX 2 R U E S A b BT R , Sz a2y
EAL AR, LR B B A B A 5 HL

o WFRAUA R — MBI RTT, AR Bea G, A2, R ITESA R T —
XF—IEEce MEOh, AERBADEFFrA RS E, X0 T4 RDD. Ay, =5
I [ RE 280N 5 A VEBL s RDD [ 3R BB 8 k7 B A A5 28

o T B RIER AT

o WPRREE : HIRAAEHD D EA 2 MR, (0 0 = ) I s R A Bt e
1o

o ZRGARE K . 3T RIS R AL YRR balance 10 %% (AR IZABUR P i)
X 23 ) W s R BT A R A B A B B

o PRBORTT 50 HFZEORITA R, s AR I, 25 AW U T A PR
FERLERS SN MO

9.4.4.2 L J Keele and R Titiumik(2014,PA) F) 3 234 5L W 2 8] 15

9.4.4.3 R M Gonzalez(2021,AEJ:AE) ¥ & 3T F-HAd F 5k 25 8k v

discussion of spatial RD designs and the different issues that may arise with them, nor again on

power calculations and thinking through what size samples are needed for RD to work.
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9.4.5 DID-Kink

Z: Il Rafael Ribasf £ 01, BLEHEHMA Slides,

9.4.6 LKA FEAS £ ) RDD

Dong, Lee, and Gou (2022)42 H | — Rt I i (51 5 7 ¥4 7T LA F T 1 2 AU A BRAR BERY R
N3Pl o Butts T & T — R 15 5 (K S 2L 8 4 FE AR i) RDD,

Matias D. Cattaneo and Rocio Titiunik (2022, Annual Review of Economics) i 5 ARE &
TR SR R SO SR, RS . B, WERRZOM W /B H R, — R
BT Cattaneo SEGZAKHIRDD = 51— b T BRI T, AITEKZEEMH RD, g P an
WA KEEGRETA, RSP, KRRHATMHATRTE, S5 AT s, &
Rk, WERE !
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https://sites.google.com/site/r4ribas/codes
https://www.stata.com/meeting/chicago16/slides/chicago16_ribas.pdf
http://www.yingyingdong.com/Research/RD_ContinuousTreatment.pdf
https://github.com/wenddymacro/ContinuousRD
https://rdpackages.github.io/references/Cattaneo-Titiunik_2021_ARE.pdf
https://rdpackages.github.io/

o 10 52 HoAth P RSSOR R1 J ¥;

10.1 PUfigy:

FATENZ— FAEFRARSLIG b, SFEIA TR, (ATE) ST IR 326 2 Ja it (E(Yu|D; =
1) SEAMRAHZHRE (EXYou|D; =0)) ZHMZS. Bl ATE = E(Yy;|D; = 1) - E(Yo|Di = 0),
N, AR DB SRR ONEER B WA, ETR 2 IR
AR B, A HEEE R A I WU AT A ) o FRATE ATE A i B
E(Yu|D; = 1), XhZ—3 E(Yo:|D; = 1):
ATE = E(Yy|D; = 1) - E(Yy|D; = 0)
= [E(Yyi|D; = 1) — E(Yi|Di = 1)] + [E(Yoi| Di = 1) — E(Yoi| Di = 0)] (10.1)

(10) o, FATATLAE ATE SR8 (iE520R) : B2 a5
FIRBRRY (ATT) — I H L2 SE R P BIAUY ;58 AR R B 2 ——{Bist
S HEMAZ HHEMNAIEY 2 7 (Lhr EMEANEAZS S5TH) .

MBS HEE A NG, AT RER 0 ATT, AR EUR sk I B L 5 (19 B bk »
PN B/ IX A B S BOR AT IR, sRERERX T BORE AR . M (10) K
AJH1, ATE 5 ATT Z @ FAE—MEFmE. (FEEENE, XBMERRE 5SS
HRRAS L B D DRAT T AN [ o A IS 38 A 1 2 T 10 BRI AR ACAS Ji S R AR R A A P 5 Y
R, X A5 R BRI H AR o

A2 A PR A T . FATTRT I E iR 2id,  BEHL LS S KA IL AT HEEHL
foo AR, SEABEHLERAL IS 77 B IR AT LR BR_Eibdeit s . (HELEkr, RYERITIXFIEE
PLERE e AEIXFMEIC T, FATT BIRF T % T LU SR e i 2 -

L DUfchhit &

FER AR B EARYE TN Bkt R A2 5 A

N BATH AL E B XS FEAT R PR, FATER T RENLI
PIMTEESS T5H Dy FH SEHERT R RN Y, BATEREMMEIZ 58 7Y — 284k
fib, BIaneEde. 2B AR k@, 156 MlE—=E s,

WERAMAGR A2 5 U H 584 R LB AL i X PERT, AR 4, BAT Tl T LR L B 3 J5
BARA T AL FROY o

DCRCA A BB SCAR R R B Sekerh, MA L 258017 (04D, gt A rT R %
MR IAS N XA, AT EAEASIEIIRIAREN (R4 HEIH
RN j BAEAFNE? Eiiid, 250 D; el Tl Wl X, 4, A
SO AR S 2 55 1 AL X (RS SN jo FOTERSIN X; 5 X, 8L, j 255
FUBE eI 1o AR 2, FRATHEAT LME j BYON Y, I BLSAE i A3 2 5 EIITEIE T RN
SRRTE 1 BYSERRIBON Y: X NI M Yy, RITRIAG 25 A AL BRSO, RIDCECA, T
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FAPREARZR 3 P — M EERILECH] 7, 22U (2014): 541 5,

72 10.1: DUFRAfif

i D | X | Y| DCECX3R | Yo | Vi
1101|217 5 7 8
2101|418 4,6 8 |75
3101|516 4,6 6 |75
4| 1 319 1,2 751 9
5|11 2 18 1 7 8
6| 1 316 1,2 75| 6
711 115 1 7 5

YL EAR, 2AZIE D JgT X, mHEEMTENARSIA (D=0) &
Nz (D=1) 2 XALRALEN, B, FeATEM 1-3 o 4-7 2 XTI, 57
AR X=1, 71 13 X il 1 RG2S AR X=2, ik, 5% 7 1 ALRRXRE
BN A4, ATHRAZIEE 1 ANE Y=T 14556 7 D ANBA ST ¥ =7, sk
bR 5IHE) Y=5, b, ZH R E 5 -7 = -2 HAB AIXFEILEC.

A BAR YT 7 R IR

S, AETFHILECN GRS ALV ILRC ZOE] e Rl Ri, 438 3 RS 4 A S
5852 S ADLEC 1, XS 6 I NG TILECH . 25 2 S ABRFER IS, mat@sh 2 1
A IEREEZ J5 SO Bl e AT 4, af LT R R IEEC. AR, ERE 2 5 4 ILidz
Ja, 2 BUARRESE T N IRICES, A4 6 HAES 1 ETILAC.

B A AVFILECN GO maliEin, 45 1 2 0 XARHuRR R, A4, ERVEIE
FIRTETE T, M1 10 289 Y I3MEMEN 4 19 Vo ISR RIS, Ao HE
SR SR IERE VC RS R M Y, i, FERFVFIEFIRT, HRYEE 3 BURMIHEZIT , 5 4 It
BCRstiE 1. 84 Y st el 4 19 Yao

Rk, DERCTT RS AR ZE, RN X AATRES X; seeFl. AR, fEARKS L
BRI e (1) —XE—ILES, MZERR, TR/ (2) —XZ LB, WZER/N, T2
Ko GRIEN . SRFHEAT X TUDLHS, XAEREMESE T P22 (MSE) /b

EHUR PR AR S R AR AR R BB T X S E XS G TIE L. BRI
HURfAT R, (R SEPrER B il e 1o ROAAESE R, BT A2 B3 3 HRKE, D R
H X AR, T2 X P& R MR, Wi, OTEMRELS A 5 E et
TR, GBI AR RIS . ZHE T MRl F R AT, XA ARl rl fE 2 im 3
P NAERARDT . (R ARREERRA, AFREMARE, FERERARA, X5
AT A BGX VLR G2 AT R e »

XA, FATHHR A R i —— 435 DL e (PSM) o

A8 2., PSM B BAUR AT AWE? i B fa B, (ERE R !

fATEZ R, AT EEE MR R R Z R AL, BEZD XIER T, 3K
TN TFo A4, BATEIEIMEZ A X Sl — IR, RIS R R f(X), B4
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AR — AR e, XA R AL (PS). 285, FRAOTE AT MR HEIX A A 1552k
A7 _EIAR DL

MER R, XM FARR AL f(X) BT 4? XTI TR BT T o A5 31T
E AL P

PSM -5 Ab B 25 08 -

(1) JEFEPAEE X RS20 D F1 Y B E mAR G R AR f e SR AR Gk %
ANYER D, BT R Al TR

(2) HEMAR, —MH logit [F11H;

(3) FHATMIAAF 5 VCRC e A A5 Al TR . A2, X AEDCHEL 5 (9 A BRZH A0 42 1
W2 IS0, Xt e SR E. ALAFRMEIIS 0 B At T 21 E X h a9 E
PrEAmZE". SEIEN: — BRI, b RZEAR R 10%, W@ 10%, HATHE
HIGRESE (2) FEIE, HEE (1) PEIHEBRUEHER, 803553 %,

(4) MRPEUCHLE BIREAR T AR .

B, S VCRCRURATY, AIREE AR UCR ik — kARIEUCRC; — RRICACEL
PARITHS; = RRNSIEAEUCES: MY AZUERC; T RHPgetERIHICES: 75, FEARILEE. 1
SEERFR SR P AR VR D St R S (R DT C 77 30 (R — LBk N A 1 A 2%

(1) AR HIEAMAAN L, S04 SR DERL ;

(2) WS HIAAR LA, WV ZERAZ VTR ;

(3) BHHMITE: ZRARME T 2, KRR ENNER, 4555 R R .
FRERER, MBERRZHPHFEHE.

PSM 1 Rtk -

(1) KRFEA;

(2) BRACFRAAFE HIA A SR SR BUETE R

(3) HgEdl T oM AR e, A SRAFAEAS AT WA A b, W25 R B 227

IL. DID-PSM £} &

A BRI RTINS Bk E R G2 50 H

TEFRR, A SRR IEAS AT I TIPS, B PR R TE B R I
KITER S, Hrh —st 2 bsaE. Hes 4 DID-PSM k&AL . DID i1 PSM
JFELERA T _ B, R, NE B A stata $R4E.

%7 DID-PSM A, 7 s [ AT T HLAR T DU e yH B Bt 227

10.1.0.1 PSM [ Stata i F & 7~

1A, &A1 Dehejia and Wahba (1999) BRI 58K 57w stata [ UCHCRAE .

M statal3.0 FFUfG, SREEBEUCHC A4 te f fects A4, FRATIAE stata FHdi X\ “help teffects” 5t nJ
LUE El i 2k -

N, FRATRH 11 S4BT, Al 35S AR o N0 64 :
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Title
[TE] teffecta — Treatment-effects estimation for cbservational data
Syntax
teffects subcommsnd ... [, options]
subcommand Description
=ipw sugmented inverse-probability weighting
ipw inverse-probability weighting
ipwra inverse-probability-weighted regression adjustment
nnmatch nearest-neighbor matching
owverlap overlap plots
pamatch propensity-score matching
ra regression adjustment
Description
teffecta estimates potential-outcome means (BOMs), average treatment effects (ATEs), and average treatment

Regression—adjustment, inverse-probability-weighted, and matching estimators are prowvided, as are doubly rc
weighting. teffecta owverlap plots the estimated densities of the probability of getting each treatment les

The outcomes can be continuous, binary, count, fracticnal, or nonnegative. The treatment model can be bine

For a brief description and example of each estimator, see Remarks in teffecta intro.

10.1: DURCmy 44k
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11.1 & pds ki

1E B R, JRATRE 28, B RENLIE " o OC4 , BRo e m] MR AT
HE B AT A T L AR A PR R P A — H AR PR 2 outcomes 4 FK;
AP, FATTEE AT LARI AL R 1Y) 235 S ek 2 428 B 2H 1 5 SRAS B FRAT VB SR A AL BRAS R, 451
A B ASNY o

(ARMEZ AFE T, SERRHr, FRATAEA L REMIE b #ELH " 25 5, T miAS 2 “ an SR AL PR
A AL SR o X, FROTIFELEFSHR — el e M hld” (3 X
HES, EAHEAREMESR . FATEA DL ARFEMMHEED o

PRosE ML PRSI e — T T 2R #sL, SHIELMHEHIZH (control group) , RITE
J7 S 2 T XA RN SZ T AKX, DAENACEEZH (treated group, RfI5Z 2|
HBIX) 1S5 5 (counterfactuals) o (HIE /N 2 H 2 s AR AU 455 1 X (control region)
FEATT AR T AL X (treated region) o

toan, ZEHAEAL SR FEECRACR . BASHEBI L B oAt s B b5
TSI TEeME . s HHAL— T (il TN WD A s, s b
W )M RS AR ECR SR R I 220, T RR LR BT 5T (comparative case
studies) o (HUAT e HIZHIE AR BEEE (ambiguity) , 110 Eifgs M RIS LR
FE AR

Kb, AE_Bm—/N, FRATE A 1 VSR 7 i —— il B AR B AR AE ) B8 H O A
Ui — N HIH X 25 S . BR T Bk PSM A2 A, A 5 — i s i )
7k A 3872 (Synthetic Control Method) .

Gl £ ) Abadie and Gardeazabal (2003) 2 HSRAF IR THHE 4 B e X (Basque
country) RWTE SN ETE A . HIEA AR BARTCIE R 2] E 7 v X ) e A 5 i L X
ELIE v XS VG BE S 03 T R R T A 708 S I ekl G, DARE — AN B R B0 B )
[X” (synthetic control region) , J{-44“ ¥ S A BT se i X" 55 B A EL 30 s X " REA T R B, B
BUEBAERIE A BRI — R, WDRIESYE (data-driven) SRIEBEZEA & 1)
A, B T WS A G B L Bk

G AL Al LUG e DID By—28748 80, RO BATA MR EARR E : BUR/ T e —
A A A S BN DA e JRATTRT LA B S it i 00 I 5 i ) e Ak BRAH A4
Mz B ZESR, AEREBOR S, PR R4y o 23 AL IR A A
Tk F AL FRZE A R ZH AR BOR S 5 Y 22 el R BUR R o (HZ, A s dl S DID X AEAE
—LH TR

o 5 DID R, AR BB SRR 2 SR PR L I ok, T
e MILECE, (E2 X5 PSM-DID A, & sl By DEECE N 1 IHBREUR SE M BT Y 72 57




11.2 A IzH) ik 98 2 1k

A 2 R AL B A BT E 1 5

o A AR R T B HY T TR 95

o ILPL)E . ACFHALGIHMAINIZIACLIHER T TR Z . W, AT EA S
AR IERCAS

o ST BENEFAE AT L A IE AT B BE Y, T2 — b BEATLIE 5 g
— LRGSR A T — A A

11.2 & A RN e 2h 1k

11.2.1 HAHEZH

N, FATH Abadie et al.(2010) FIWFFEAEN BT, KA A G pdERIEER . 1EE TR &
JRAEREWTTE 155 BN A 2] 99 35 ZA M EMITE BRI O 1 BRI AR 2% . 1988
AL, INBURBELE T 99 55, RN M EMIEZE B 25 670, %155 1989
1 HIERAR, M EEE X —BOROS A MH S R 20 A 2 K. kg, F(
B, AR BN XS (BRe) 1, MAESEEHABN R ZL . R, e 4t
G DCT, SR AR AT REAY 1 I X

BEHT, ATREFRATISZ Sl REAREGEE SR, T LAGE A PSM F o AT Tt 2511 ) AL AR A D 3
Ate, SRETHEICECATS . SRS HOAL HI ORI DT et DX A JRTH % 15 208 J00H 28 Bide i
IR o ARG ABICATF E— T R a B 145 HE B PSM 5 R R IE—— R KA A . K
FRERL SRS WeE, PSM AR IR L al BEAT A0, PROAX AR gl A A
HoAt 40 Z N 28, XA K X FHE LR BA TS 18 Sl P T EURIT
A B BIREOL, B U 40715 E AR E2VE.

TN T A NI RABL R B0 o 1 38 S HA MR BRI AL A2 52 1 . Abadie
SRR T ORTEIA S AR R EOR AN, o m B e IR T 38 M. & iirE At
FESEE 39 #4JH, 1970-2000 FERGHIMEE, Ltk MEEAKEMESE . FHFYE
BUTRE INASRAITE SN ZEH (15-24 ZEHOE)) AT B e S5

i Y X §AE ¢ SE RN 25 AR b, BRI 2h i 10 Y 1 EAR 1 FORHIX i
B BOR T, RUXANE R N AESE s A 0 2 RS I & T o i [HEE, v Y EAR N
FORNBAZRBOR Tl RS B SO RGALBIATRY, , FRATSE bR B RCGERA 2 :

ATE =Y! - YN

it it

BUERIIRRE . Y WIAE], B, ROTEM e A, Eafliitie? RIpA LR
RISkl v -
YN =6, +6,Zi + L + & (11.1)

(11) AL — TR RN [A] [ E R (time fixed effects). 55 T3/~ AP [A] 1 (OR4Z
BT, o RBERT RIS tein, FHZpii s sz FEME) . BT ER Y R0
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BEES R AR, R, HARE O AIH TR 2 = WIFm A ] WA “ 58 B A B 205 (Interactive
Fixed Effects) , HI/MARREERN i SHTEE BRI A, FIFEFL (Bai, 2009) . £ (4) TUNFREHLIL
)RS

BAWE—F, IXRFUR AR BN AFRIEE R, 28 =003 B [E B RO & AN Al i () 4z
o X—RREEL,

F—%, WE—D G RN —— 2 FEEE NI, GRS A T
I 5 B SN A T L P52 2 — . BARTCIER BN M X A S as il fo X, (HG ]
Xof S HA A T I T S RS, DIMEE — DA DI“ & iz il i X7 (synthetic
control region) , F44“ EL AN H X" 5 G BN X 7B T He o st 2l FRATER A
HABIN AL G SR AN A Y, A A2 N Y BTE s LA— A CE W 2R,
BB R w; Fon, B84, BRITEBEEHAEFR N

j=N j=N j=N j=N
S WY =640, ) WiZi+A Y wisj+ Y wi€s (11.2)
j=1 j=1 j=1 j=1
ok, BATA ) gk (12) K
j=N j=N j=N j=N
YN =3 wi¥i =0,(Zi= Y wiZp) Ay (i —wip) + > (€wj€p) (11.3)
j=1 j=1 j=1 j=1

FelI T H RIS 38 ML ALE SI2) wivy SRV Y)Y o HI, el 1R
YN - wiYy =0, B4, HATHEMS (13) UEBIKNE—MESH 0, FAHESH O,
IaBA (13) RAGHIEMEET 0o Mol JI 5020 wiv SMINE R ET M. B2, &
VPR, o AT, R, A 072 i — wpy) REVR ISR, BIRSE, Likd
HHATAIE

JXIEATNE?

HAUFMMEE (13) 2, HEAIME ARG THEN Yias Vs Zin Z5, 54, AN
TEH BB PR w; (75

N -
Yy - ijl w;Y;=0,Z; - ijl w;Z; =0

RIAR A T AI Y Z2 5F R T TR 25 SR A T B I & s i w, 2 (0156 i il iy
ANATVLEFAE 2 T AL ERMB X o Je 2, AN SR TCIEFR S w, (156 % H REAR 17 #1 2 1 (reproduce)
A EHLHY DX B RRAE LA TPl BT A &5 S AR i, WAL f 5 il i3 - Abadie et all. (2010)
O T, ST EGan T I, B4, SBEEHETHERE TR

AN A BB R A Y K R BOR T Hil AR R AR 2 U, A ANARED
T 15 AR BE, MBOR THlE W EA 5 EEIE. FiH X & 10 4, {HEX
AaK%. BANEENE, $#52BOR T T XA gD .

B8, IMRERFELGER, HR B RAAE SE G R AR TS, X
B o

MAE, FRATE XL Dy Fn AR, A s STk B nT i i &5 5% v, S5 T T80y
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BuDy 5 ASLER YN 2 Al
Yit = BitDis + 61 + 0: Z; + L1u; + € (11.4)

ARSI B LA AL BT AL AL T A5 A B Y 5 sl L S, wiry
2%

N
B =Yu-Y wiYy (11.5)
=2

Abadie, Diamond, and Hainmueller (2010) 3 {1 S AL AT AL HH I e 301 A 1 5 Tt i 22
(MSPE) SRAEN & it hil i THERHER g T, PERATS 11.2.1 R PR AT 2 RGTR 58
f MSPE FIALFEZ ) MSPE MCRE/ NP HES L 5t n] EATHEAS BIAL PR AR MSPE 2341 FR a7
B OBAITE, FRATI AT DG i A G B R A AL BEAS W A AL BEZE ) AE PO [ HES L M
HH I A A FRAA R ) 53 A7 BRI i = F (Bir) » ST TS H A B2 1 A FASO PO A -

P =F (B

K _EiRHEFP I AR A R 2 o0 A, RS FRATR AT AFI B AL R AL & By @ T
TSR B, H 5% NS REEACE, 2 pu < 0.025p1, > 0.975 If, FRATHE
AL LA 260 5 (B —— RO PR b BT B, = 0

F=, TR RE

FAPRREEF MM P MR BB R R -

F, FAME stata TN T A4 :

ssc install synth, replace (N#EIfFZ3%E synth F25)

FoHR, RS replace” R ANAT I T BEBTARUAS . AT AW &2 25 I /74 o

T4 synth FBEA ]Iy -

synth y x1 x2 x3, trunit(#) trperiod(#) counit(numlist) xperiod(numlist) mspeperiod() figure
resultsperiod() nested allopt keep(filename)

Hrr, ‘v gk AR B (outcome variable) , “x1 x2 x37 7l A5 & (predictors) o

AT “trunit(#)” F F45 E AL B X (trunit 7R treated unit) .

WA “trperiod#)” F T8 BB TTRITIAHGETHY (trperiod 387K treated period) .

VeI “counit(numlist)” T8 3 A M4 H HX. (HI donor pool, H:H counit 37K control
units) , BRI EERE R A BR AL HE DX LASNR) i A7 351X

I xperiod(numlist)” T8 @ 14 W A8 1 (predictors) 173 HIA], ERIAHEUK
TG A A B8] (the entire pre-intervention period) o

PEFE I “mspeperiod()” F T-i7 & S/ MU TT At 22 (MSPE) B, BRAHBUR T 1T

A BT PTA I o

PRI figure” Fe R AL PR X 5 A i dil g 25 SR AR BRI [ S A, &S T resultspe-

riod()” T8 28 UL & B I TRV FEL CERIA AR FEA A R]
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AR “nested” F 7 Al HTHR E BB T 2 F B AU A& s il HETE (8 A e ) |, iX L
BYTTIEE SR, (HA REFAS . R 0 nested "IN, AN SR PN _E 3542 551 allopt” (I
“nested allopt”) , [ L Bl FH “nested” IR ZEZR N i), [EUAS B 2 A REBE =i o

AR I “keep(filename) (ki THEER (Lban, A s HIAE ., g50 A48 H) 74 7)— Stata
FAmtE (filename.dta) , DMEFATIRETE . B2, £ help synth,

W, ATHEIREZ S, MG

xtset state year (j5HIHEIMEHE)

=00, AE stata i N R B G A AT

synth cigsale retprice Inincome agel5to24 beer cigsale(1975) cigsale(1980) cigsale(1988),
trunit(3) trperiod(1989) xperiod(1980(1)1988) figure nested keep(smoking_synth)

TSR

K6 Bon, REZEMWAED 0, 1A LTI AMHAEIE, R Colorado (0.161),
Connecticut (0.068), Montana (0.201), Nevada (0.235) 5 Utah (0.335), [ttz55 5 Abadie et al.
(2010) ICHR VSR AEF £aL (AMZEREH TR .

SRR TIHAT AL 38 AN Y S s

T BT, S B B S50 AR b 2 o R, weE O T ARG 2
M ZTHRFE . SR HUBE 3 B N I 2% KEAE 1989 ARl YRR -

M EERIAT, A5 1989 SR VA Z AT, A U BT EE 9% 5 B S L-F-an s fHkE ,
FWIE I T ARG M A E D I SN A S 525 B o AR MRTESE it Je . IS & ik
M B9 NS IE B S BT A6 502, 7 ELIHASON ok R

WHEMHL, FIFTI5— Stata #2F7, W JH C AR AR EE smoking_synth.dta, &AM S E
BN A FRE R 2 22 (AIARRR) . SRIE T A

use smoking_synth.dta, clear

(AT IT 53— Stata FEF7 . I I EGHE S5 242 75 J5UA OB 5 smoking.dta)

gen effect =_Y_treated — _Y_synthetic

(8 SCALFRASU N A2 it effect, Hrp®_Y_treated” 55 _Y_synthetic” 73 Jjl| 7S AL BRI X 5 5 1k
I R AR )

label variable _time”year”

label variable ef fect “gap in per — capita cigarette sales(inpacks)”

(9 7 RS, 1 S5t 5 A7 55, T 6125 KHESHLS (variable manager)
R J5 M INbRAS)

line ef fect _time, xline(1989, Ip(dash)) yline(0,lp(dash))

(I AT S A I [EI A A, IT7ER A 1989 4E 4L 5904h 0 4b 2 BIE L, 455 0 T 1)

B9 TR, AR T N2 M 2 A RO S8R, 1T EL M8 Bt 25 I [ HE RS
MAS K. BRI, ££ 1989-2000 AFHA], AOM B NSFEFHE 8D T 20 24, KLY N
T 25% 2%, WMHEHZFER Y+ 523 (economically significant) o
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e [mEe e nE- |
Alabama+ |0+ Mevada+ 235+
Arkansas+e |[0+ Mew Hampshire|0+
Colorados |[.161+ Mew Mexicos  ||0
Connecticut{|.068+ Morth Carolina+< |[0#
Delaware+« (|0« MNorth Dakotas |0+
Georgias  |[0+ Chios 0+
Idaho+ 0¥ Oklahoma+ 0~
llinois+ 0+ Pennsylvania+ ||«
Indiana+ 0+ Rhode Islands |0
lowa+ 0s South Carolina+ [|0+
Kansas+ O+ South Dakotas ||0+
Kentucky+ (|0« Tennessees 0+
Louisiana+ |(0+ Texas+ 0+
Maines 0# Utah+ 335+
Minnesota«| |0+ Vermont+ 0+
Mississippi-| [0+ Virginia+ O+
Missouri<  |[0F West Virginia« (|0«
201+ )':"n.fiﬂn:c:niinﬂ 0+

Montana+
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cigsale

gap in per-capita cigarette sales (in packs)

Treated Synthetic

retprice 8942222 89 . 41464
lnincome 10.07656 5.858694
agel5toz4 1735324 1735444
beer 24 .28 24 2132¢6

cigsale (1875) i et S 127 .0633
cigsale (1980) 1z0.2 120.4545
cigsale (1388) 50.1 91 . 6356

11.2: B R AL

o]

o4 4

=

=g

= -

[au]

= |

oo

= -

= T T T T

1970 1980 1990 2000
year
|— California ———-- synthetic California

11.3: 5 plds il 2

1970 1980 1990 2000
year

B 11.4: #Ea3i A
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L, FATOODM A B HE E G REEIM R T B HG RIsHRER, nfy
HTRRME RIS S AT T HE T ?

N T RS BIAE Al T A R AR EEE . Abadie et al. (2010) AT\ T B 2 B TIONIAS &2
Feandolk . JNAFEE. RINR AR J09ER. BRa G FWE. A&
JESE s RINEE SRR

AN FHNE, HIX 2 (8] JC EAHRZ I (no interference between units) B & 7] REASTH
JE, PRI i SIS AT R R LA, AR ATl B At A ) TR A Z I
B ZE M A T FAE B AR B0 . Abadie et al. (2010) R4 51 S2xF M AT TR, A XL
RNHIAK . 2/ DANAT BE 3 _E SR oK A AL FR AR R o

LR AR B

IREE SN AL PR B A T e LR TR SRS T B2 3E (statistically signif-
icant) ? Abadie et al. (2010) I\, TEILREFIHFF, B TEENEGBXEEET AL,
WO A (8 KA BRI BE T 4e T HHERT -

M, Abadie et al. (2010) #2H i IR EE” (placebo test) SRIH TR, XFhT
PR T G2 HEFI LSS (permutation test) , 1 FH TR AE ALY it o

“REN” (placebo) — AR H BRA: EIGREHLCES , A B TG FEAHZG B T 2L By, AT
SNSRI AL A A, e —d o s0i0 A, IR EZS ;s 1 —4 oA, i
ZRGN (Hean, TTHBHEAL) . HFEAESSEME R CRAN RSB IR 2L/, DLk
G T MU ERE F T2 I SESE8UR , PR LRGN (placebo effect)

GREFRIEAG A T LRGN B . BARBIIIMER A 2], FRATEALE, LA E
AR B At T RN, , AR e A HABSA A R ITaRk 3 # 5 2, GniR M\ donor pool Al
T AN BT 6 s T, REAS 2R R

Mitt, Abadie et al. (2010) FE47 [ — R AL BGAIRES, (&) donor pool Hf &~ JH AF
AEABH AL EE X (Rt AE 1988 SRl #0032, RN AE s il RO A, 985 (i
B RIS T H RO, WA BRI I X — R ARG, BT 158)
GRGARN B4, TR AN A ERAS Y 5 2 X

TEHCA D EARZNTY, RIZERTIE S M T 2 AR S0 I, A RAE T J” H A i dil i
WA RERARZE (77 R 22 MSPE AR-K) , WA AT REHIMAE" T2 J5 " F R P sl AR A,
RN E o RO, ARG I T IR TP AR 2, WA A HEE T
M JE A s T R

W HE

TG s tiRERT, e s — T LA

Lo TR A SATBOR M XA e i G s il 4, H2 AR 1 Mo IX S B Xy
DAL= A2 TR0, A2, IXANIHE, FROTHUR 244 § X Ak il g s s, i i
PRSI, X R e MRS, A2, FRATHN A4 BT FE=E M 38 > Fride B K 4w

2. WnRAE SRR, AL X A2 B AR KRB R P, B4, IXEHEIR A TG )




11.2 & iz4) ik 92 1k

3+ SRR 3 X AL DA AR B A RRAE ;

4 A AR TR R FEA B Y 2ROy BRI AR 7 2R 2 WEdE . A AN E DT 1S
R, BT IR 247 S SFLL EREEE. [ X eI 10 4, HENAZKZ .
TN EERE, SR BORT I XA Hl

5« ARBOR M R F 25— B A 2 BB GIJERON) . W ZR TR B EUe
([ FN

11.2.2 £ hbEis
11.2.2.1 SEATHE S ZRGIHERT

ELAMANIY T, Filn, WA FhRe=1, -, EFR, M4, MGG
BRI RH J7 2RI A4 PR 0 AL RO
o
p = Zia P

Hrp, g FRAEH I RIRAITIY] ¢ pOHEE A FAL RS Y —— AL FRAA P AL R . I
S, BATE R LA SRR AL AL Y., LA Hodges-Lehmann (1962) filiifii.

[FIEE, PeA Tt i LIAsE — S Al it p, SR T2 AEBAMARIE Y FHIZETHERT, [ p, 55
TR IS TR peor HIIIME:

> eci Per

E

SR AT T I 2 55—, 2 Abadieetal. (2010) JEMTHO—RML: 55, 3
(A B RIAMT R, LRSI, TR T RAE B, T8 T it
WA 8=, SEHE T DL N SR B0, HERE AR 56 7T LA
AEERAN R 1) ) LT 7 SR B RE (9 550, 911 Wilcoxon(1945) HERE S RIK B o

(HEXA G H R S B AT R A B N BB, T
SIS b R TR R

Pt =

11.2.2.2 HL {2 5EE XM

N T v EIRGETHRRI SHEWT OB, FRATAT LAfS ] Hodges-Lehmann (1962) flifig (T
SO HL A D) RO R R A ESOY AR 5 . 0 11.2.1 TFRHA, R — A EAS A A ER L
B Ble, BAMERE D HERF pre = F(Bi) VEA—MRIGZTH G, SRS TS BB Y
0.025 < F(B1;) < 0.975 i, FRATATLALE 5% [ 583 MK P b4 20 5 i —— AL FRZUR A 0,

FRATAT LA [ B sR AR BRI AR, BVE— Nt AR © 1AL P, TR

N
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0.025 < F(B1; — 1) < 0.975

Hrp, F(By —7) FonmB ey . HL AFTFRUE « I9ATTHE, BAH T 4480y
T IR B 4 B B Ge it i, 1T 95% B E(S X Rt A4 B © IS

N T 3 22 Qb P AR B A SO R B AR X, BT T T AR R AT PR e i
pe WOB AR AR R it, BAPRE—DE v, XA GF AT Ber — 7. SRIGEH
BRI F(Ber = 7)o S SCTHTHREHE T A -

(T)_ ZeF(IBAe_T)
PrT) = E

95% EfFIXIHFUE .  FE/MS-FEMEEHET p(r) AT 5 IXH -

1SN
0.025 < — ; F(Bo — 1) <0.975

SR, FEATEGXIE, FATMATLMSE) HL fiftit & . HL g a2 BEE X R R
FLHIMEL

FER—LHAMAEIE T, QLB A T (E S AP A B0N HL Al EE AR A, B XA
AR (HEZAIEMAEL T, PRGN EME P20 HL Al iF s AR ﬂfm
%VE@&TWH UAFAE M AL RGN S DT PE A, S8 (AR A AR B AL B SR i T

SOMA 2 AE AN B S T i, O, (LY BE A T BT HL Ad 115, liiiﬂff”ﬁﬁi%fm
E@ﬂ%fﬁ@ﬁ%#oiﬁﬁﬁﬁﬁ O ) TR, (H2 HL il T MRS RS 7 ot
PEnfef# (Dube and Zipperer, 2015; Gobillon and Magnac, 2016; Isaksen, 2020).

NHE, FATRE MWD H T L H stata [ H o — &K H T Dube and Zipperer(2016). Pow-
ell(2021,JBES) {15/ L A= xt 25 3 i i 4, 75— Isaksen(2020, JEEM) [ [H 7
P G S B FRRRY

HL S s8N E 2, 72 M,, Daniel Lempert (2015): Simultaneous Sensitivity Analysis in Stata: arsimsens and
pairsimsens. Observational Studies, Volume 1, Issue 2, 2015, pp. 74-90
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11.3 &AdEHlxe Atk &miEdlixh DID 6945 &

11.2.3 fRiz21E
11.3 SRR st : & stk s DID 44

11.3.1 J7 SCE B %
11.3.2 558

11.3.3 &5 DID

11.3.4 & BLfsH) B X H] scpi

stata packge

Cattaneo, Feng, Palomba and Titiunik (2022): scpi: Uncertainty Quantification for Synthetic
Control Estimators. Working paper.

Cattaneo, Feng, Palomba and Titiunik (2022): Uncertainty Quantification in Synthetic Controls
with Staggered Treatment Adoption. Working paper (coming soon).

Cattaneo, Feng and Titiunik (2021): Prediction Intervals for Synthetic Control Methods. Journal
of the American Statistical Association 116(536): 1865-1880.

11.4 SEARTEE 5 0% 25 R MR

DID 5 PSM

TG S — A R A FR A A |

DID 2% PU 5, Treated before, treated after; control before, control after;

Matching /& bW > i Treated, control;

DID + Matching /& matching [ /5 75 Hfi 2 treated F/] control,

Wt A BT )

Lo W i B E S R B DE AR AR T R T BRI B AL SRS, 2 iid, W /B AT LA 2
— SRR AL SE G

2. (B2, IR W RLEDE AR AR EALE SR, A, ACREHERT T ALY ARG &
A EREHE) T BIHAAREA, MRt iR B — AR RE .

& %S DID

B4, HifE Abadie et al. (2010) HYAFHAY (factor model) , £ BcAas 1A R [ [i] 5 R4
FIVE THE o BAACKY, BUE 22 RV AR E U5 AR RIS AR AN (additive)
AR, RS EIRIA MARR I Rl S AR IR (parallel trend assumption) 5 {45 kA4l
IR AR, WA A E R (interactive fixed effects) , RITT LAfEAE 2 4ER SLH vh
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https://nppackages.github.io/scpi/
https://nppackages.github.io/references/Cattaneo-Feng-Palomba-Titiunik_2022_scpi.pdf
https://nppackages.github.io/references/Cattaneo-Feng-Palomba-Titiunik_2022_scpi.pdf
https://nppackages.github.io/references/Cattaneo-Feng-Titiunik_2021_JASA.pdf

11.4 %R+t F ki FRMERE

(common shocks) , AR AT 2B 5 ) 7. (factor loading) W LAANIE], # R ASIH] 4>
i S N SR EEE

Hyk, Abadie et al. (2015) 45, [BIHIEAL AT I X G X AVE T 2R ME4 4, BHACGE
A 1 TIARREZAAET & R siE A L3R 5, (B B]HE A A) e H I fUE,
RUHIILIE 73 #ME (extrapolation) [ B 7 AEAE R HBUETVEE (support of the data) o [h0,
EEERFE, IR B RS —RTRIE, Sl GEH It 4> A, T3 230 SME W
72" (extrapolation bias) o [ TG R HITEBIACE AR 1, Bk T 355 S
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FERTTANETY . ATCZ > T2 5 R AT A B U . ISR 2 A AL —1
RSN, B4, LTI TR O — R e T ST
JTRMN T T AT S Rl EMAT R P R R E L et FEUHE
TIRHUEIEARE R AR, KT, SECT S R I R B TR R
KT AN K, FFRTE & AR R A FR T -

FERRUL, SR IR —MSZ A 5T )1k Sibr b AR AEEHA L. ik
SIVEE . SRJE S e AR, HAERR 6 & Ab PR AT RE S A . (Leads) FRALHE A
IS HE IS Ft (Lags)

12.1 THARFERIEST

BTN, EEREGRS A, BRI T R e Hrr, ¢ 5008 H
SAE PR SEH H o SR MR FIR A2 AL B Dy RAEARFERYHPIRS R e A0
AR 1,

FAF A UE BEHTE LR ) AR, — AN H R, T
T BLHTE SN HE I A —— MR AL B ) R, AT A9 AR EOR - -1
FORMBLET Y], -2 FORBEETSE T, DU — R A B R AR R S
6] 0, T IEECR RS YR +1 FORACEER fUE— ) (B AR 25 ), +2 508
ACFERT RUR SR ] (BT R = H0]) . DA TR AR, SRR AP A A A
ZIH), A ER R AR RS PR SRR 0, +1 ISR 28 —ISESR . A
TN E S EEAWE R 0, -1 ZJFEEECE 1, B2, XA E LA S EEE R R R B
BRo

B RBRRBT AT A R RIS R AT . O A B E SCER I TR R
g B, AR AR A I ALE SRR ? XML T RO A T A R 4 R AL
ACPERT RS A AR AR @SR . ARAEALTERT, BN W BT, B
AT R RGBSR, A4, BATR LGB AT A E— M B S 5L AR
ACPRI , 5 RAR T SRR A LA . (R, WRIRNTUR S & BT e, A, e
LR 2R UZE SR T SO, R, A2 R B BRI . (AL,
A R AL, ENTRYZE R AT REA A AR AL o IR, ALFHTHI AR AL 2 —
g SR N)rE

N TAGTEAE RIS, FATTAT AL 725 B[] 2 RO A T >k i 1] — A T A 4R 1T
L R E R EEOIR R, HicAiRE AL
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smux 1

Vie=a+ Y BDis+ > ysDis + €y (12.1)
0

Hrb, Dy Fon— A HE R s B9 T (ERAR R, R, SR AR AR 1
A2, Dy = 1o FATRLMFE LU AN EH B S Bo FR WAL BRI f ) A48 4L,
B FoR A G — AR PR T T By, 2N ACHE S SO I AP AR . 1 FRORALEE
BB o Yo 2N EERRT BN I o Smaxs Smin 27N LB S FILL TR
ERINH, AR (HAT, SCEd, IEFNHHER A LR, (B Fetal (2021) %5
H T SRR IE  TEFIEE D) o @ R Smaxs Smin WHEIIA N HEE R0, 555
] US4 B A B AR R AR & D, XA B A& BT o, sE mRoTE T LA
TR —HAVE AL o

KT B R E R [, Callaway(2021)25 H 17— L6451 :

HFR A AR LR AN 48— (universal base period) FTA[AZ3EHH (varying base
period) . G—REHIEIRG T A Z RN T — MRRE I . SEBkHR, Sl WY 2 AbEE
B —BIE N . FEACERETI A, WS BRI R B RaE 1 — 1, i, aniREE 4 HA 2 AT
A, A2, X—HR 2 56 3 B

IR AL FERTEHA A SEAT AR L . BB A, KRBT A AL B AT B SR RO O R 2
MR AR R B R BN R T AN ] -

o MEFERIAZELS, I Z D ATTs (pseudo-ATTs) . ‘CAI &R ALFAEA— A 4E

(MAREPREA) Rl iS5 A FR R .

o WEPRG M, ACIE AT HEF R AT EA S AR EIARY, EMTREERT

45 SR A ey b IS [E) 28 40 R TESRAE 2o

HEwEEER R

o X TALHSHI I, Tt g IS S, RSO —H. Fit, %—

SEHART A AR S A A X AL P AT B AR

o X TALFRATIT A, Go—EHARI AT AR EHARL R I A S, Rk, eI TT(E

BATEIE —FREEARRT = hatdud, IR 4n &g — RS iy 2 g

L2001 8P 1 S PS N1 ARG B =811 B i 5P v ) VA Nl g B Y S B B S ) ARVAL N o 8

A4, A e B e ?

o MIASFEMAT LY. (1) WFFEE LB IRUN U (2) AHERTHIR B b

o i—REMIE LT (1) WS UANAR 2 MFEEKIZER: (2) AEFTINNIEUE 2 .

FE— N ERESE (F140 1SO14001) X4k T AL A ESURHEAI S o FEX A5
Mol B OE R A A BIEHEIGE, Bt 2O ENAERN. HERITE—E
SPEFTEARECE (B, 2009-2018 £F) , AHEAOIHER R . £F 2009 £E9), WA —Z Az
WIE, (BZEREA N A ERTEAS R I i IS TR R SR AT ARAFINIE ) 40 5 LA
PR 0, FRIFIAIERTE N L, IIEIE 8 N IEST. B FT A I AE 2012-2016 4]
PRAFINIE. QRVGEL AEAE 2016 45, ARAKCHERRTA 7 4, WHINIELELE 2012 4, A524b
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LR 6 -
PR B PRSI RT— 4 G4 4E . TG — AR ol 5 B 2
flo LIS, B TR PERF I BT RIS b TP 02 =/, EAFIAL-1 4

_A/I\:

Vii =a+poDio+ B1Di1 + oD +y1Di—1 + € (12.2)

FEIXAPIT R, o Bon Til%: BIEARTERT 1 IIRIACE S =01 RY Fra SR eI TR A 25 2R
A Bo SR T AMARTG IRSEAGEAR — S A5 R AL AL s B FR WAL E— P2
€. B FORIERWERFEIAAL 1T y-1 FRNAIERT A5 R . TER: XL
PRI T PRS0 HSL, EARYABERGE, FATH H P38 B [m =7
R AT AR 2 A RS R . AR B9 KR @ T A A alMeE e it e B o e ?
B FEPIST AR SRR R E R B, BI-1 ZORRIALERRT— T, 1 ZORAb S — ]
Lo WIRME H P, XML T, AHERTE A ICE MR e 28—, BIAE
PRI TR T AR L8 AR 132 AR PR AR AL E S, A2 AR AL HR B A AOE LA TH]
AT 5 5 I e 5=, SRR ORSS Y SRR I R A IR R AT,
G2 5 H I RIS A S —— R S I R e A

Bl Dol R ERARR IR R T PRI
L B DR E AR EIR] T BARVE T Bekes and Kezdi(2021) f#H“Data

Analysis for Business, Economics and Policy” 25 24 &,

JEBRIRRERE —Rissl, MNFITIRBERK. FAFRz AERE WM. Bt (2022 4
3 ) I A AR AR RE BRI S [ T BRI GHle AN —SCERBARY fans,
BRIANRINSLAERZE, 4, BEANE TN, B, KIS, 2. BETE
AR AT RERBRIA R NI B4, (EAREBE X BRI S A (T 4 5 I e

BIN—PFEFE N TE, A —LEERIARY RGN . X LEBRBA AT AT REA — R A 4k
BRI, BBSSED TME. RATHMEOXLEBRIAREE T RIS, BIAnHEE Tk 12 PR
Gio M, ~FIYAEHEE S @ BRI LR 5 1 IR ST T PR BRES St 2 AR Le T A 4t
HRRIERAR I RSt WP IS5 R (8] 1Y 272 Sl 2 2R A U

T EHE, (1) BROFFAZHENLAYT, i BRI ZE — B N IR G E R BRBA .
e EHRAG AR TS, MASHERR: (2) AR AR TARNHZRriLsE,
XFE R (Y BEAR AR, Al REFR BRI RU sz B R s (3) B 38Tz, 1
AL, X RS IR RS, NI EFAIE L
AL, BN, RS (BIHEEEH), B, SFET IR AT DU B2
e B k.

ME LRI, AR ge s R BRI GINER T, ] B SREKBA LGt HY B i
BoAE M. — Ui, BB BRMTER A R G2 R, ATRES 4 BRI R IR S 75—
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JTME, R AT RELEEK AU T O HOA R T g8, 1 HRIMEHC SR B A RUR . R gim
REIAT A% . A, A —FE LSS0 ERIERIEEIS . BRAAIRE, BREAATRE
e — BB ENLS, K, Gy, EHEA s, T sy, nlaEmkst
AT WEFENE, B =MEo T gERI 4. UHE, EHRAEFIRKNGE
RN AT RE A I A o

Bekes and Kezdi(2021) Wi £E 7 o8 HEZE (EPL) 11 /~382 (08/09-18/19 282%) HyFT AL
e, AR SORIN R LU R B G 2 . AU 8360 PMUNME, 1382 760 4>, — 1 3%
Z= 20 SZIRBA, FESCBRBA 38 T L FRER AR A G IE A B BENLIY o« FRATTSIONAY A2 B AT REA BREAA]
TeEW A, BROARI PR AR, AEGRIEE, BN (fs 0 40, P45 143, Wi 3 7).
R, R AR E A FR AR 5 (B Zh) BshARIE: WA A — SO BRPAZ A g i
Ay, MHABKPAAER? XLERRR N AR, B IMER?

KRNI E B A G EEZ R R (HEd NN, B RS fEs SAKH
WEHHRK . HAIN—NHZ T RER R UIR B 2%, T L REGHGEN LA, XAl R —
MOMEREIZR . b, FGAIE TR A E A B JE AT REH 2 R I 2 BB R 3R, 1
HERWNAENREZR. B, FEAHA SRS RIEE R R, a GBI #R 2N AR

QD TAER RSN T e 2 Sk . FEAEURPA 94 R AN EE. N Tt
BRBA G AE T THT B AR AT RS RS, SeEibfrddif R B CRIEM L RE 1. I,
FEARBIRIREE T A AT IR 45 12 3%, B, B A U AR LRSS 13 126 1
FEFEZ Rl ffm, 94 DRI 33 1k, X 33 IR ARt e FEAHR E LY —E AL
eHRAE R RN ERAE M REURE . stata ACHSUTT

>k 3k 3k 5k >k >k 3k 3k 5k 5k >k >k 3k 3k 5k 5k %k >k 3k 5k >k >k >k >k 5k 5k >k %k >k 3k 5k 5k >k >k 5k 3k 5k >k %k >k 5k 5k >k >k %k >k 5k 5k >k >k %k >k 5k >k >k %k >k %k >k >k >k >k >k %k >k >k % %

*

Prepared for Gabor’s Data Analysis

* Data Analysis for Business, Economics, and Policy
* by Gabor Bekes and Gabor Kezdi
* Cambridge University Press 2021

* gabors-data-analysis.com

* License: Free to share, modify and use for educational purposes.

* Not to be used for commercial purposes.

* Chapter 24

* CH24B Estimating the impact of replacing football managers
* using the football dataset

* version 0.91 2020-12-09

3k 3k >k 5k >k 3k 3k 3k 3k >k 5k 3k 3k 3k 5k 5k >k 3k >k 3k 3k 5k 5k >k 3k 3k 5k 3k 5k 3k >k 3k 3k 5k 5k >k 3k >k 3k 5k >k 5k >k 3k >k 5k 5k >k 5k >k 3k >k >k 5k >k 5k >k %k 5k >k 5k %k >k %k %k 5k %k 5k

160




12.1 &4 F 4%

* SETTING UP DIRECTORIES

* STEP 1: set working directory for da_case_studies.
* for example:

* cd "C:/Users/xy/Dropbox/gabors_data_analysis/da_case_studies"

* STEP 2: * Directory for data

* Option 1: run directory-setting do file

* do set-data-directory.do

/* this is a one-line do file that should sit in

the working directory you have just set up

this do file has a global definition of your working directory

more details: gabors-data-analysis.com/howto-stata/ */

* Option 2: set directory directly here

* for example:

global data_dir "/Users/xuwenli/Library/CloudStorage/OneDrive- A/DSGEZ 1 K&
R/ BFERREG IR/ NI EZF ¥/ R ITEZ ¥ 5 code"

global data_in "$data_dir/data/football_data/clean"

global work "$data_dir/data/football-manager-replace"

cap mkdir "$work/output"
global output "$work/output"

use "$data_in/football_managers_workfile",clear

* describe data

tab season

codebook gameno
codebook team

*tab team if gameno==

tab points
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sum points

*dis 1%0.25 + 1.5%0.75

* create manager change variable

gen managchange=0

sort team date

replace managchange= 1 if team==team[_n-1] & season==season[_n-1] & manager_
id !=manager_id[_n-1]

tab managchange, mis

* some teams have multiple management changes in the season

egen countmanagchange = sum(managchange), by(team season)

tab countmanagchange if gameno==1 /* gameno = 1 so each team-season counted
once */

* result: 0, 1, 2, or 3 manager change

* create variables for number of games since season start or last manager
change

gen templ = gameno if managchange==

egen managch_1_gameno = min(templ), by(team season)

gen temp2 = templ

replace temp2 = . if managch_1_gameno == gameno

egen managch_2_gameno = min(temp2), by(team season)

gen temp3 = temp2

replace temp3 = . if managch_2_gameno == gameno

egen managch_3_gameno = min(temp3), by(team season)

*1lis gameno team manager_id managch* if countmanagchange==3 & season==2017,
noob

*lis gameno team manager_id managch* if countmanagchange==2 & season==2017,

noob

gen gamesbefore = gameno-1 if managchange==

replace gamesbefore = managch_2_gameno - managch_1_gameno if gameno ==
managch_2_gameno

replace gamesbefore = managch_3_gameno - managch_2_gameno if gameno ==
managch_3_gameno

gen gamesafter = 38-gameno if managchange==
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replace gamesafter = managch_2_gameno - managch_1_gameno if gameno ==
managch_1_gameno & managch_2_gameno!=.

replace gamesafter = managch_3_gameno - managch_2_gameno if gameno ==
managch_2_gameno & managch_3_gameno!=.

*1is gameno team manager_id managch* games* if countmanagchange==3 & season

==2017, noob

* define intervention as management change

* at least 12 games before (since season started or previous management
changed)

* at least 12 games after (till season ends or next management change)

gen intervention = managchange

replace intervention = 0 if gamesbefore<12 | gamesafter<12

tab intervention managchange

egen countinterv = sum(intervention), by(team season)

tab countinterv if gameno==1 /* gameno = 1 so each team-season counted once

*/

tabstat points_lastseason, by(season) s(min max n)

* figure: average number interventions by game number
* bar chart

preserve

collapse (sum) intervention, by(season gameno)

graph bar (sum) intervention , ///

over (gameno, label(alternate)) ///

bar(1, col(navy*0.8)) ///

ytitle ("G4 H B E")

NI FATRE SCERAFRTTE 4 U IR RS 41, 42, e . +12, RN ZHTHY
YikoN-1, 2, e o 120 T EINSAE R LA AR AT, AL, 34T 0 XA AR I
NHECRER EREIETE 12 BRI BRAS2)

* EVENT TIME

cap drop temp*

gen templ = gameno if interv==

egen temp2 = min(templ), by(team season )

gen t_event = gameno-temp2
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B GRAR

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

12.1: FEZPRARAIRTR

replace t_event = t_event+l if t_event>=0 & t_event<=38
lab var t_event "Intervention event study time (to -1 before, from +1 after)"

cap drop temp*

* for Stata to define xt panel: team-season
cap drop teamseason
egen teamseason = group(season team )

codebook teamseason

Xtset teamseason gameno

xtdes

order teamseason team season gameno datex ///
t_event interv count* points* homex*
qui compress

// save "$work/ch24-football-manager.dta",replace

st ke ok sk ok s ook ok sk ook sk ok s ok sk ok s ok sk sk ok s ok sk ok s ok sk sk sk sk sk ok s ook ok sk sk sk sk ok s ok sk ok s ok sk sk ok sk ok sk ok sk ke sk sk ok sk sk sk ok ok —
* EVENT STUDY GRAPH, INTERVENTIONS ONLY, BALANCED PANEL ONLY

3k 3k 3k 5k >k 3k 3k 3k 5k >k 3k >k 3k 3k 5k 3k >k 3k 3k 5k 3k >k 5k >k 3k 3k 5k 5K >k 3k >k 5k 5k >k 5k >k 3k 3k 3k 5k >k 5k >k 3k 3k 5k 5k >k 3k 3k %k 3k >k 5k %k 3k 3k %k 5k %k 5k %k %k >k >k >k k kK —

// use "$work/ch24-football-manager.dta",replace
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* keep only interventions and +-12 games
keep if countinterv==1 & t_event>=-12 & t_event<=12
*tab t_event, sum(points)

tab points if t_event==-1

* average points for graph
collapse points, by(t_event)
egen t_event_6 = cut(t_event), at(-12,-6,1,7,13)

* check if we indeed created 4x6-long periods

tabstat t_event, by(t_event_6) s(min max n)

egen points6avg = mean(points), by(t_event_6)

gen p6a_l = pointsbavg if t_event>=-12 & t_event<=-7

gen p6a_2 = pointsbavg if t_event>=-6 & t_event<=-1
gen p6a_3 = pointsbavg if t_event>=1 & t_event<=6
gen p6a_4 = pointsbavg if t_event>=7 & t_event<=12
sum p6%*

scatter points t_event, mcol(navy*0.8) connect(.) lc(green) lw(thin) ///

|| line p6a_1 p6a_2 p6a_3 p6a_4 t_event, ///

lc(navy*0.8 navy*0.8 navy*0.8 navy+*0.8) lw(vthick vthick vthick vthick) legend(
off) ///

graphregion(fcolor(white) ifcolor(none)) ///

xlab(-12 -6 -1 1 6 12, grid) xline(0, lw(thick) lp(dash)) ///

ylab(0.0(0.2)1.6, grid) ///

ytitle(" P37 ") xtitle("H I [A]: FE & B A ol B2

M 112 el LUR Y, AR R % 12 IR st -12 #)-7, -6 -1, 1-6.
T-12 BN T TR 0 2SS, -1 R L Z ARG SRS R B R SR -SR], RIS D
PR, AR IAGRIG . FATATLAE 112 o (1) fEIFRRET N ESE (-12-7),
SR ERBA T2 IR G EAR T HEARERBARI 2585 (2) IXLEBRPAAE-6-1 HLIE, G
ML (3) IXEWRERI ST —H T2 M ERRS SR AL, NsiE, B
oy RSB F AT o IR ME B T IATH SO TR A TR AR H

HHRASR)E . BRBUESUT IR I 2 DB 7KF o JATTE 2] 1T AR Bk ARG
A TR, W] T RSO SR s, AT AR 2 N AR, R, BREAIEAAL
A JE B R o IR, AT AT AL BRALBREA FOA5 70 A8 A FF AN REAR A U3
BRI o
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1
1
N P
1
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-12 -6 12

-Il i 6
AERFIEL: BB
12.2: BRIAF-F-E1590

12.2 Jpfay sk 3d i Ak 2 BF 5 Fh B 4 4

HELAEE—RICER, FIRARBERTLGERCNRER T OAREEZAL ) =4
HUBIAESNEZE 0% ORI ES, WMERAEMEE) . (A2, TERESMERNZ, X
ML AR, EEAGRSHFE, IERE LN R 5B AREL S MARAE B 12
HilHe E—/NIHIAA T, FHEFFREAE MARCIRIERIA, X2 RO TR i
RIFFAER 2 BEHTE SO SR ], A RS T MR BRI, A2, A= I A
PRI TR RE 3L, REAETTAARBAL P .

HSL, BATUREE Gy i Rk A MRS - T SR AL FRAT R AT AL TR R H PSS R) 5 A A AL FE
A I T AR AL PR [RI RI AT o S SRACERIS ) S gt A2, IX AT RESUE — Al SEhr b, A
FEEA T A MAAL AP AL AE S BB B AR BE - MR A BRI I 25 R y
AR 3455 A0 IR 1) SR AL PR T AR AL T2 UL R LR 1

FATHRBE BTN 5 R HE R R i FATTRTREMLEE R, ARLEDAT LA 4ol 1
RV LR, T HAESATIRIEIAERT, rIRES D 2 W7o ReHb, flan, 2505
UEATRT— Y5 R R8s 2, BATEEPESIER) (MARLEE) fhIZ, et
AR AL B AR S —— A BEFTHR B F PP B AR, AR PR AT RO AOR T R
R

—HITE 7A@, FATHA LA BIRH A BRI A A A T AT S o MRS, 3R
AT R Bl AL P A R DL 7 A P i g 300 1) R DL H s L TR 7 B A 0 5 -
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smax 1
Viy = a+,80D,-0+,81D,-1+ﬁ2Di2+y1D,~’_1+17treated,-+z 6streated,-><D,-s+Z ¢streated,-xD,-’_s+6,-,,

0 Smin

(12.3)
Hib, o R AR AR ES . B IR RR TR 52,y FoRALL
BRI Z N S BRI ZE R 1 R AN R4 B2 R
HitFre 2, R EFAEL TR A FAHR . s, R FEME RS T
P R S AR 3], AR 2, SR A DR BR AR I TRt 2 AR BARY AT 3Rl
0o & FEIRATARIERY AR, RIAL IR AR G4 RIRY AL R RO 22 5%, X TR0 AC L
RTINS0, ALFRJE S — IR 61 5o ¢ FRALHEA AL AT A AR AL o A0SR
UG, XD REANIZN 0, [ROYE AT MZ S5 R A A MR L

AR OIT : SR IR ILR A IR AR

ME L2 ATLGE Y, BREAE ARG, NG SRR AR Tt (R 20, &
FEHRAGRAT, IXLEERBAR BRGTUA E TARKI AL (RETBoRIEZE) o BATFTZRHNTER., K
GETH A REFFAVE I R AUVER VP2 Al A9 L BEAFRIRES, SRR IRE T (]I
PEFIAEFR) o AR FA TR AT BRI T8 F e SRR, A] RERLEE 3 B — A iE
YURMEUF A SRS UERBRIABOA A S, ENIHIGIE BHA?

XA, EHIHBRAT A 8RR (1) FERrhicA BiE Sk (2) fEREMAE
AR AT A2 IR ST A8 A A 555 AL PR BRIA AL BT A S I——12-T Ry LE
PSR T FrA ERBARSF 2858, -6-1 HUIE G020 NI, U SR RT— At 38 1o

TR LR HERY IR 67 4o THEL, fEMOXLBIEFHIR R, a2 2 0/ bikRa—
S BERL B, WA ZLERRRAC TR % 12 L BE, TAVE 13 352 (B2, DIE. £k
gerp, JATRIR L AR MR, HERFHX LR PR EMITE, ARk E MERI TR &4
Ao BeAh, FABERAZIE AT RER I E ) — Lee oA AR 3, Bl R & 13 4
HEPEAE AR AR 0 o

AT 113 s nl LA L 1R pY a2 5 AL B BRIAAE AL BT Y 50 P 245k i EE
BARRL. A2, oA EAR AR IX LR ] DL R A1 S R BR A S 2 5 IR B0
A LR, IXLEERBAR ST REZ R EFER? MAIET 113 JUALFR)S . BREARGURT . 1= dl 4L
WHEHAR NGB EAZ . STHRAALHFRIAT NS, PRSI L. B4, HIER
SERFLMRHNEEE: FEPRE, A A G SRR 51

W2, ERAGBAT 22 Tl BAVH LB TEIH . BT RERE N |

Vit = Bo+P1posti—e¢+Paposti_12+ Bitreat;+ Patreat; X posti_¢+ Pstread; X post7_12+ €, (12.4)

Hrbr, Baps w2 EHEERRIRUNL . EAT12 BIZRR AL PRA AR A BREAAE S 2R 5 1-6+
7-12 R EEPF R G 225 B3R PR stata A5 -
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3
°

' 1 ' 12
LI
o mHHs o BREHHG

12.3: AEERZF A IR IA SR A R e B~ f

* REGRESSION with 6-game averages

egen t6_event = cut(t_event), at(-12 -6 1 7 13)

tabstat t_event, by(t6_event) s(min max n)

gen

treated = countinterv==

collapse (mean) treated (mean) points6avg = points, by(teamseason t6_event)

egen t=group(t6_event)

Xxtset teamseason t

gen

gen
gen
gen

gen

gen
gen
gen

gen

sum

Dp6avg = points6avg - L.points6avg

before_7_12 = t6_event==-12
before_1_6 = t6_event==-
after_1_6 = t6_event==
after_7_12 = t6_event==7

treatedXbefore_7_12 = treated*before_7_12
treatedXbefore_1_6 = treated*before_1_6
treatedXafter_1_6 = treated*after_1_6
treatedXafter_7_12 = treated*after_7_12

Dp6avg before_7_12 after_1_6 after_7_12 treated treatedXbefore_7_12
treatedXafter_1_6 treatedXafter_7_12
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* FD REGRESSIONS

lab var after_1_6 "$ post_{1-6} $"

lab var after_7_12 "$ post_{7-12} $"

lab var treated "$ treated $"

lab var treatedXafter_1_6 "$ treated \times post_{1-6} $"
lab var treatedXafter_7_12 "$ treated \times post_{7-12} $"

reg Dpbavg after_1_6 after_7_12 if treated==1 , cluster(teamseason)

// outreg2 using "$output/ch24-table-1-football-manager-reg-Stata.tex", tex(
fragment) nonotes se dec(2) 2aster label ctitle("treatment") replace

reg Dpbavg after_1_6 after_7_12 if treated==0 , cluster(teamseason)

// outreg2 using "$output/ch24-table-1-football-manager-reg-Stata.tex", tex(
fragment) nonotes se dec(2) 2aster label ctitle("control") append

reg Dpbavg after_1_6 after_7_12 ///

treated treatedXafter_1_6 treatedXafter_7_12 , cluster(teamseason)

// outreg2 using "$output/ch24-table-1-football-manager-reg-Stata.tex", tex(
fragment) nonotes se dec(2) 2aster label ctitle("treatment+control")

append

* FE REGRESSIONS

xtreg points6avg before_7_12 after_1_6 after_7_12 if treated==1 ///

, fe cluster(teamseason)

xtreg points6avg before_7_12 after_1_6 after_7_12 if treated==0 ///

, fe cluster(teamseason)

xtreg points6avg before_7_12 after_1_6 after_7_12 treatedXbefore_7_12

treatedXafter_1_6 treatedXafter_7_12 , fe cluster(teamseason)

ML AL A 2], SRR F AR R i BRI R B H 8 R A BK
ARG LI R B =R AbE U, ST BRIA B ST T I A& 1Y

TEM

12.3 FEWH5EE

FE S HT RIS O TS WFFE 1 T T Y TR SRR S8 T2 A A O] [ 2 208 (TWEE)
PRI g o BATBEE—HIRAE IR, AR s HIIX, EUANRIBXHY & 2B fOa] EUAST]
dnf IHIE o AR, ARGEH R [ ERUARTY AT LASE R -
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7 12.1: B IRH Y,

BE G2 AT R 3 R 0 7 N
post|_g 111 1.06%** 1.06%**
(0.19) (0.09) (0.09)
posti_1» 0.37%* 0.34 %% 0.34
(0.16) (0.09) (0.09)
treated -0.002
(0.10)
treated X post|_g 0.04
(0.20)
treated X posti_13 0.04
(0.18)
e el -0.45%k% () 45%k% () 45%%:%
(0.10) (0.03) (0.03)
FEA 99 201 300
R? 0.33 0.42 0.39

HETHbRER, * p<0.10, ** p<0.05, *** p<0.01

Vg = a + BPostEventy + ug + A, + X;tl“ + est

Hrp, vy RORGRA G, PostEventy = 1[t > Eventg] KR #X s A AF/F IS AT Event,

(12.5)

ZE%%%W%%I sy 3 A AR AR R ) 1 A8 7 - X, 27 PO 1 e 2
IR AT AR, TR S BT E S T RN R, AT LK B AS TWEE
R g i Mg
K
Yst =a+ Z ijeadJ + Z,BkLagft + ps + A + X;[F + est (12.6)
k=0
Hrp, Ak /\LEG$HXT$4¢HTI§JE>L§HT
Lead! =1[t = Event, - j],j € {1,--- ,J - 1}
Leaa’SJ, = 1[t < Eventy; — J]
Lagfl =1[t=Events+ k|, k € {0,--- ,K -1}
Lagg =1[t > Event,; + K]
EE%?AT(H$$W]kammﬁﬁiﬁiﬁﬂﬁﬂﬁg ﬁ%m%ﬁﬂfm
i X % A= R I A A T R0 K U9l 2eom R e RO 2 R
Ja KB A I FHEEERE, (1) IXFrE i Ao r s %ﬁf%ﬁﬂ%%ﬂﬁ

IR RN S 47 5T (panel event study binned) ; (2) FESCEATFTH, FoATaT DAAER RIGATIERE

ZAW I K, RVR] DA AT O SR PRI SO )R s (3) 7R (116) H, g T
Leady, X2 7 G2 BHILLN, tgi@ s 7 Eekkdanr—I, Xt gk R

HEST o
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HEHT 525 I AL A B ) R Ay B B 4 B E T AR L ) 2= 5, X R ==
FERAAN T REEPR UL . Fla, ZBSHEIIRN N 0, FrLL, SR EHE N R B
EME S RAE fE RN e AR — B ) 255 Bre IR HfE SR TWEE £
Bl—FE, 22BN Lalus (202018 LR BRI TmMA T (5
B AR T AT AR

Flt, M TEAS TWEE #8 (11.5), MR (11.6) wf ARAEI AT T Y
FARER: (D) Fra g Ear i 9 2807 DO TP T SR I — 2R s GERE, XA
BRI A AR, AR IR R A G S LA R B #a AL ) « aniiab
BRI R A B R AR TS, B4, TEEAEEIR, BATRELUHE S
Bk (2) L4 )G Lags B RN HE T AN B SIASIFAE, Flan, AbEY an ey Fi i)
AL, RN B I IE R AN o

ESLH, AR AR E TR SOk R BRI R 45 SR . 1E stata H, IR Z 4
S DWEH R, A AR eventdd I xtevent., 7 stata H1 222X
AN

* 22$§eventdd

ssc install eventdd, replace

x ZExtevent

ssc install xtevent, replace

Bk, BATHWAO R E R BRI 58— M Fate LSy B 2 m L
", S5 A1 Stevenson and Wolfers (2006, QIE) [ Tt HE B U X1 Lo (4 AAO S
¥ HE K JE T Clarke and Schythe(2020),

Bl 1: SEHE LRI

AT Al R BRBA I SR A FE N, {4 ] Gabor Bekes and Gabor Kezdi (2021) % 24 &
HIEAR . 1280805 1 2008-2018 F§ 2= 5 I T8 A1 78 2= HH B 5 0 25 B BR AR B #2020 O BREAAL)
e Hor, B MR HERPAZEZRA A, 4, 2008/09 FEZRI S HCE — e MK, a1 3%
FIEREA S T 38 7 He B8y e A, SZTEIAREGR T 220 1 BKEAZEZ (teamseason) A1 38 J2& >
N (gameno) ZHpl. HHY, BRI MA—ILA 33 41>, HARZRFEHPAR IR,

A, FRATE B B A FR A A [ E U AR TWEE (B B 247158 DID) Sk
PR A X BRATG 93 (points) FY 52N :

piontyy = y;i + A4, + TD; + epsilon;, (12.7)

HH, Dir FoR RN —AERIALEEAR 5, RIBRBAAERE ) LU 385 BEHR LR 0 1, 50K
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0, 1M HAE YT AR e — BN 1, B A IR IS TE o vi R Bk PAFE3= (teamseason)
SR N et AN P =0 e 11 B s Y A
1t stata H1iz{7_Ei& TWFE [H5]15:

* panel event study using eventdd

* scc install eventdd,replace
* create treatment variable
cap drop D

gen D=0

replace D=1 if t_event>0 & t_event!=.

* TWFE

* ssc install reghdfe,repalce

reghdfe points D,absorb(i.teamseason i.gameno) vce(cluster teamseason)

BIHZE RN 114 firos. N TWEE Al nl ki, S nl LAZa BREAT 2K 0.23 7342
Tk, HAE 99% BEE/KF LR W, XAEERVIZ I B B R A BRAHET A e
SRIUERBASKIR . A2 IR 5 AT A LE AR PP 0 2R 5 0.23 7.

HDFE Linear regression Number of obs = 8,360
Absorbing 2 HDFE groups F( 1, 219) = 11.64
Statistics robust to heteroskedasticity Prob > F = 0.0008
R-squared = 0.1235
Adj R-squared e 0.0956
Within R-sq. = 0.0011
Number of clusters (teamseason) = 220 Root MSE = 1.2540

(Std. err. adjusted for 220 clusters in teamseason)

Robust
points | Coefficient std. err. t P>|t| [95% conf. interval]
D .2333358 .0683962 3.41 0.001 .0985367 .3681348
_cons 1.358038 .0052524 258.55 0.000 1.347686 1.36839
Absorbed degrees of freedom:
Absorbed FE Categories - Redundant = Num. Coefs
teamseason 220 220 0 *
gameno 38 0 38

* = FE nested within cluster; treated as redundant for DoF computation

12.4: AR : TWEE fhitis

FATEET— N _E— T IE5E R, RS RN RS B5oA 2 R IR I E518 I 22 5
AREA LRGSR (1) _E— SR BB 759 PP ER A TR BT, Tt AL R TWFE




12.3 441 7 H

[EHH B2 EEA (2) TWFE 548 (11.7) BRI EE RGBT i sdpue”, prilik
A EME 2 A T, MAFEFREEREE—T: (1) AEp#Ess (2) b
Je B BN o

N SRS SR B B R LRI RN, G FRA T B SURDR AR R ——
BRI AR i (rvent)

* EVENT TIME

cap drop temp* t_eventl /] MREBEEGFENEES
gen templ = gameno if D==1 /] BlE—NE Etempl % T AT AL ED==11
R4

egen temp2 = min(templ), by(team season ) // G| — /% Etemp2% T templ#y & /N7
R, HEHRK-FZHF, HERNEERZFNE T LFE

gen t_eventl = gameno-temp2 // IR FE, H-1R7F ERBESEW T
T, IRTERRGE R FE

lab var t_eventl "Intervention event study time (to -1 before, from +1 after)"

[/ %o AR R 2 A B ] AT AR

T BERRE, BRI E R R A S TF 2 ERARAE, BTN FE I ik
k. RIMARAEBEAZ I
R, BN T R PRI R -

J K
pointsy;y = a + Z ijead{t + Z,BkLagikt + s + A, + €it (12.8)
j=2 k=0
AR L TR R ABRBA A4 . Bl Ja 2020 12 He3E, R R B 2530
ZRHIBRBARE , HEA GG 5K 25 G TREST, MMM AR RIBRDCRE , HAE
WA AT 17 25 b %, A, SRRl o P2 UL SR 0 AT LRE N J=K=25,
B SR AT — I b 2%
TR stata fi74 4 -

* event study plot

eventdd points, hdfe absorb(i.teamseason i.gameno) timevar(t_eventl) ///

ci(rcap) cluster(teamseason) graph_op(ytitle("FHH X fHiTE") xlabel(-25(5)25)
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)

FHT A 81 4 B R R BREA A S8, B =R o P -
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Time

|. Point Estimate = +——— 95% CI |

12.5: EARAGRHIRN : FPEBE5TE

M EIRFEETFEIE 1LS /T LIEME H, (1) B CEREERR—8) RN 05 (2)
FHHEBAG S, FBHBENESRREINIE, HAE 95% MEGKF T EE: (3) (HEEH
T, LIRS B RALE 95% BB F/KFE N ENIE, 13X IH 5 e R ai Ab
HAME A BRI R E E R, Fi, ATe-H @, Ia, FiIta Ll
YONAE e ZrJn A FRA N B A RS- TTREM DL g2, iS4t
BT LR R SRR ST T A AT B SR BT AT

Bl 2: Joid B (BLl) B USSR 4ot A AR N

1969 45, INAEZE [ IR AR R 7 < BRAR 25 B8 28 AU R ZEAE AR R N 3251 T B B s
— KRR HEE, RIS RGERTRR. ME, FEEFZ NI T T AL b
WSS E . AR 2006 SRR, A(TEXN B ISERIAE S AU 7. B, AREZ
NG T B A GHMEERES SR, XAV = R AF], EIX LA H RT3 5 A\ 2k
BHHR KR, MASATEMNRODIRSRK R, Nit, Stevenson and Wolfers (2006, QJE)
T FH A TR] s DA A [ S [R) S it B B S A SR PR T B R SR R B AR EN TR 3 LA
M AS TR HIRE A o

V2 SCHR#RH Stevenson and Wolfers (2006, QJE) HIEHEAE A1~k 15d B HE A A [A)8  12%
45 r] {EClarke and Schythe(2020) T #. XEZHE HEE 49 1IN 1964-1996 41~V T Hi A4
o HAEE FAAS RN AEAS[R] IS [R] St 240 B 1 SR AR Bl R A T BRI B A 5 22 B0 AR
W SIS AT RS2 o BRI, SR B0 M AN TR [T e %5007 (Y TWEE A58 17 2502 1Y) S 40
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A D FRAVE I 1 ERHY] R AL 1 B BISIA S S TSN 1, A0 0. AR
2, HEHER) TWFE DID FR a) /B0 F

asmrsi; =yi+A; +7Dj + X q + € (12.9)

Hrb, asmrsi; o8 1M CEER M E R, vide 0N NFIR A EDERY o € 7Rl
HURZET . X, #HEEaIE AU (peine) BEARIETAEL (asmrh) A3 1% T2 BERFMEY
(cases) . ALFRAF KL Dy HITHIN REL v U025, CZIHE T R B A 0ot B A%
AR TR o B, ARG B4 TWEFE DID {4, stata fCRG0F :

* using bacon_example.dta
e "/Users/xuwenli/Library/CloudStorage/OneDrive--{> A /Opaper/132% (4 7T #y &
4. MDIDE|FH# R Tt 5 L& #E W /data and code/bacon_example.dta", clear

* TWFE DID, H ¥, post kA HELE
* (1) FR*%

reghdfe asmrs post,absorb(stfips year)

* (2) REAFER

reghdfe asmrs post,absorb(stfips year) vce(cluster stfips)

* (3) HihRE

reghdfe asmrs post pcinc asmrh cases,absorb(stfips year) vce(cluster stfips)

FIRRIHEERANEE 11.2 fok:
7 12.2: FUD BRSO otk H AR AR

L o) @) 3

FNBISEZRIEE -3.08%FF 3,08 -2.52
(1.11) (2.46) (2.28)

P AR e = &
FafEARIER = bl Pl
FEA 1617 1617 1617
R? 0.70 0.70 0.71
FEEHUAFRER, * p<0.10, ** p<0.05, ** p<0.01

MR 112 ERRE, (1) FIFORBCA VSR, AREEIE, H TWEE fh it B8 11,
B (2) PIZORRERERERIFIZ!, FIRSERMA L, e (3) JhinAhZ s, [
HEERADIRA R o IR AU, 52 BT HY B0 B IR SR T Lot B AR I R R

IRTRENM, M ARMBEROGZERSE, M ARMEA IR, W] LARBES A = TR a
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MAWe? IXEHA—E, FRES/\FDID”, 1EXSAIIGE T (B MAEASR] I () SL it 530
BiET%2) . TWFE DID Al REfFAE miR. Ftl, fREEHa il Fms - arss. R, 3%
IR E B EBCEEF A .

KT A T B B U S RSN Y TR AR SR SR AR, B e B A SR b DX ) A 6
HOERTA A i (USRI A IR AR R 1) o AR R REARS S, A S
BRI T (nfd), A HIRIAS S (vear), K, 7E stata /g LRSS0
[6]” (time_to_treat) Z&+ H P i [A) 8 25 28 St st i) -

* Event Study plot

*x create the lag/lead for treated states

g time_to_treat = year - _nfd // _nfd: No-fault divorce onset

BENOK, IRATHLAT AR stata £, eventdd SEAk -0 R HIBR SR SRR -
BTk, BAME TR 5T R

J K
asmrsy; = « + Z ijeadljt + ZﬁkLagikt + Xi’lF + U + Ay + €it (12.10)

j=2 k=0
Hp, asmrs; P8R 1 #X ¢ FRILCME B, HFEARSER TR, FEFEA A e 5L S0
BTN B USTE S HB DY SET AR A A 1971 4, gl i, SCiiZ s 28 5 IR A I TR) B mT
LAEE) 27 4, B K =27, MM Sify F4n A 1985 4, RPSCigi i K HHECH J = 210 4%
FEARTEE S A, 20 7 = =1, B D HBIXIE SR — N vB BRATBOGHI S

s

* without coviates

eventdd asmrs i.year i.stfips, timevar(time_to_treat) ///

ci(rcap) cluster(stfips) graph_op(ytitle("# & # XM B X AH") xtitle("fHXt =
P EHE ") x1abel(-20(5)25))

* with coviates

eventdd asmrs pcinc asmrh cases i.year i.stfips, timevar(time_to_treat) ci(
rcap) cluster(stfips) graph_op(ytitle("& & 7 &M B X A%") xtitle("H X%
P EHE ") xlabel(-20(5)25))

MEEPERESEIE 11.6 vl LUAH, (1) FUEIE SN ot BARRA R R IRy, L
WIEZRENSIVE GEXECERE N 8) 78 95% BB E/KF T R A, Rk 2 SoiE 1
B9, MXTIZEREMA R —F 2O E T b 9 ABS, BAE 95% REF/KP £
B3 (2) HAEAEFHIFEREIEERTES, RN RISER IR, K2R R R 8
£ 95% BIF/ACE A RE XU B ST UL W7 S 1205 58 O XTI St 12005 % 1
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123 $HARA
XAEBCRRTIN S R Z R X LA A AT A BRI AL 2 A T 3

I

T T T T T T T T T T

0 5 10 15 20 25
LERSES RSN

‘0 Point Estimate = ——— 95% Cl ‘

5] 12.6: PRI EUSTA S LM B AR N Gy b &)

HEHREFEEE: B, WHE, 7F 95% BEACE N9k 531 2805, 3-AT]
A N 5B AR LU E R Lot B R, X2 B S AR0 i B R B A
HYESREGRI 2], XA T R B A RRIE N, R, REERRIE TR B4R,
T AL FR Y B R B b B AR T AR — 1 (R AR Asfb, BRIk, fhm LAS 3] E
ek (2) AFRRTESAGET, RPACFRATI A R R B0/ EUE 95% BE/KE N BE, M
SEECRE, XA E ARG, ROV R B ISTAE R0, B AT &
B R SRR R, @, X BB AR T RESE D, PrLAURZERCR, B, ML
JERA, ATV % E URTE B = 2 AR I ST Y 3 28 2208 W AL a3y (3) MR
w B, ACPRRTE SN AT Y2 A BT R BT ET 0 KA, (BSLER, KER
FE A RTERE— 2% (Roth, 2022: AER Insights) .

LR, FATE AT LAE G 3G AL FR AT R A 0 IHEA EE ARG
Hy:vyy =---=v,=0vs.H; : Hy

FRATTAT LA ] stata 174> test SRAG I _EiR (B4 :

* test the joint significance of all the leads terms simultaneously
« HFEEEWR, Keventddi bR W, lagh T AE MWL E, MleadshTAE W
ZE, RERNBEFEAFHFEF AT HENFTHK;

test lag2l lag20 lagl9 lagl8 lagl7 lagl6 lagld lagl4d lagl3 lagl2 lagll laglO
lag9 lag8 lag7 lag6 lagb lagd4 lag3 lag?2




12.4 & # F AT R0 AT R

R, AT AR 2GR R F St E et Kef.

12.4 THARCFARRIE 5T ) SR ik 2

12.4.1 [R)J5p: Ab BRSOV AR 5

RGP, ol T K a B TR 5 5 a2 S 5T  (event study) 7,
#£ NBER #/1 Top-5 1] EREC 5 e T 6%, BEERTRIAHERS . FOFR SWEZ SR
BORMERR, RUNEN AP At s, WEZES LIV RS S kg 64—k iR
BIA Y (Currie et al., 2020),

MG\ T AR o e TH R SCHCR A, RS IE T, BT Ge 0L [ 22X
7 (TWFE) R BIASE0 ({1110 AT REAEAE N ™ B Y% (de Chaisemartin and D’Haultfoeuille,
2020; Goodman-Bacon, 2021 ; Callaway and Sant’Anna, 2021), 4 | f# eiX S5 {15 [n) i, — 2827
Fie it H DID SE{:fft5¢i% (DID Event Study) >R %X Mg (Goodman-Bacon, 2021; ik
&, 2022). 1EU Goodman-Bacon (2019, SO YOU VE BEEN TOLD TO DO MY DIFFERENCE-
IN-DIFFERENCES THING: A GUIDE ) £&H 7 . FRATAT i —Fh 7 2ok S o gt =
IR TR T IZ A AT 2 " AR, AbZa R, 2T, FOmRe
XY, HARREFEE i~ R ER RGN, LA R IS I AL B S AR o 2 /R A K B AR RO HZH AR
FRF TS, RONIXI 2574 T2 X 2 DIDs—— ] AL FE A ARV A #5 Hil4——F
ERUN

(E2, FUFEER A IR UL S8 TWEE il it B R iR g2 a2, A84, JATAT
DS T Bh A B H SR X e a it , R _EiR RS- 5Y . (H2, 1EU Goodman-bacon (2019)
e, ZFEEIE T, FHMFEEEXN . SN ENUE, IS —EIEIY, Rt
FEIHFAREAS ZIMERA L HRAUY . Callaway and Sant’Anna (2021, JoE) #5if, HIfdi4brrse
HHRZ A S AUV 2 [F ST, A 2Ll TWEE (g (5982 £ /£ ™ B A% . H. Sun and
Abraham (2020, JoB) [F5EEoN, FEFPVEACHEUY s e rh, AL I AT e fabn
) 2B S AF IR, T Simon Freyaldenhoven, Christian Hansen, Jorge Pérez Pérez, and Jesse
M. Shapiro (2021) WIEEANTELEIEE S | AR F R IR, JOEEXS A AT R VR
RFHI. T, RATHCRE B XL T RS R RIS, MBI 2 R 1)
it i, DA —Se SR il

TR A= G s, REAGH T UK THA RS, #ian, Dyl
ELZR% 411 )\ DID | FH050 () =R — & . DYV HTHE R 421 M DID 2|5
PEOESE () BEDEARA R o AT DIMEFR Y TAEIR ST <R R RS : A\ DID iR g
RO 5S> A B IITEA A Bk, A4S B 2 AR 7S B — S B R SR 18 R
(A E

298, ATAE LKA ENE E Scott Cunningham [ “Causal Inference: The Remix”
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12.4 & # F AT R0 AT R

e A [ RE SO At T S AR AR, RO R LAH BRI LA N e et i % (G5 OLS A
FAFRAEAE) o X EEAN TINS5 B 25 NS AT R 458 22 Ti—— P 25 A0 1R 22 UL S o P A B
R, Bl FEA A AN R R RIS ot S AR AR AR oG, R I LA RY
TER LR LAEBRE . BUAZHREI S NE S RGT, BUER AT e —2ny,
RIS, BRI e SN

£ DID $52rh, AT RS — D ECR R AR N AR R/ SE R 5 5 A A A o ]
RE I T A PEE S, — DX A @I AR DR BOR, AT, A4, fEiX
PG AL AR5 2 R REAF A0 S s SN PE Pt SR B9 I RIWE » - AV AETR 2 Fe e 217
FEEETRMEDL, R TS — A R PG 3K A A —— A% AN A T RE R A AT S Y 75— b
Jrae WARUL, KL, RERVON TR SMERE SR AT G, SR/ 5T
TR BB SR U PR BT8P T S B -

B2, BfE, FANE 7 MENER — AR EGRL, EHE S PATEAE T .
PR SN HERR 7 24 AL BRSNS D PR AR S B ok R T REH IRy — L&)/ (2 [
MR RS 351 TARESC: SCEHIME: SR FURAI 50 & DID %) o FIERIE 7
SRR TR M SMENE . FEARBIAEER T FATEHS TR N HE L. 77>
REEAE N2, RO LER AT £ TWEE thii i, X el cU2 INUE 3, FxIes
K FHRYAS T 2 Rt S AR AN AR AR O

N, ] John Gardner (2021, 2-stage DID) S HLAYME &R 1€ 1 SO A% A ALY )L
% ST A

Yepit = BepXgp + Ag + Ap + €gp it (12.11)

Hrep, g R, p FoRi . FRAVESLERI S PR (ATT) (Callaway &
Sant’Anna, 2020), #itE5 X 19 RS

Bep = EXgpis = Yep i8> ) (12.12)

R SEHEECR AU i, SIN T S, BV - B8O, A2, AT LA B e
CERMIRL, BURE, 153 T AIFAR:

E(Yepitlg P Xep) = E[BoplXep = 1]1Xgp + Ag + Ap + (Bep — EBgpl Xep = 11X,p) (12.13)

Gardner FRE5— UM A4 ATT——n] DABRAE A N HHE ATT BY-T-1. &m0z
BIHRED, ET g py AR AR X T, BriRZDHADIRNE . 5L B, WRArA
AR ATT AR EGE DA — DA (N, WA SCEATE) , TWEE (UEEHBIX A 8T
) ATT, XMW, SRS, T HIMEMEIFAE , BOAZSHITERZEST Gir
REI) HAZHPE R AR EE RV AR . XHFARAT A0, THR AR A
7o R BRI IE Al REX T RZARPAE

AATREIR P IMEER I SOF AR U B ER S S8 E . B HPIE TWFE
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TERFIE R BAMEIR A e rl AR AT TC Al i, (B2 — BRI B oL, it ie
MERARW . S LX M FRASRAER, HEWLEF R AT 5 2Pk, 20,
H AT 2ixX .

%1 Sun & Abraham (2020, JoE) Jirs . ALFERT)EHabs 52501 TWFE {1 it S A H#ERT
HHEEEN T (BE53e), BRAEFATAS RS SO, HEtin—Le g A7 &S50 IR
AL RV IR . (HELETIE, ACPRFT G R REITs ReRon A2k B T H B R FAUY Y
fE1E. L, DID it iF 2 Eammteis—an, AbHEpri e s Wi (s
g b, MOZO2Bes BE TR, (B2 siikrh, R AFRR ST B R RE TG S, =
I, Roth (2022, AER Insights)) ——FJRETSEIFHIRNEE L. REDL, ACHERT &SI LR T
APEE (ESROURARPED . BB SR B RIE P (ARG IR PETRY) IR R A2
SRR T R SR S R AN AT

Sun & Abraham (2020, JoE) JFUCHIMESARR AR E, KR LA RHIC. 1RIERHKTE
REFRHT AR, A LB AAR IR, B FoR MRRY BRI [ /NG EE 1SRRI
[EfEhr", T IR, B0 1, 430 /NG FRE e XN TR —— B TA MR A FL
1] E. Callaway and Sant’Anna F/[i]— SN [ A “HAE", PR SCEHR, X MR —
MNP, g #7~ abin which is the imposing of balance in relative time by “shoving”all imbalanced

leads and lags into a single lead and lag, respectively.

254 Goodman-Bacon (2021, JoE) /] Callaway and Sant’Anna (2021, JoE), 1] UAF;BhFK
{I1FE /% Sun & Abraham (2020, JoE) , [A% Goodman-Bacon (2021, JoE) #4447 TWEFE 1
i (2 DYV TR RS 27] 284 DID Ht TWEE {2 Hifh 4 m)#i? ) , Callaway and
Sant’Anna (2021, JoE) NEHt ¥ — MRyttt (W DV TR R%) 351 TARESC: =2
SR . SPFERTST AU A & DID $45) . 5 Goodman-Bacon (2021, JoE) A[H], Sun &
Abraham (2020, JOE) FJ5MH7 4 £ S5 PRI EHY S5 B2 /7o T Callaway and SantAnna
(2021, JoE) MR 7 —Fhiafdryflitit, (GiH2HmE-20F ATT, S805 Tl A BT s i
FEFRIY 2%, K, Callaway and Sant’Anna (2021, JoE) f/1 Sun & Abraham (2020, JoE) [
(R B B0 SCBR L, Sun & Abraham (2020, JoF) firiHhit/ Callaway and
Sant’Anna (2021, JoE) M4,

iR ER A TR B AR SECN SR A, (cohort average treatment effect on the treat-
ment group) ”, B A5 i CATT, FiEH N :

CATTe = E[Yier1 — Yoy Ei = €] (12.14)

HE SRS W A TS BRI S IR A BRI § RS R . BAEAE
SCT RS e FARXSITR] L AYSE ATT. A TR OSSR, F 2860 e T 71 =Bk,
o MR 1t PATHH . PATEEXS T A LIREAR L -
MBS R R I, RASEZRRHE. HEREXREAK
TR N AEE NI AR BRI - AR AT IS T — AR A L
S, WA PRELZAG HHEBRE D T 2 Fho

180


https://mp.weixin.qq.com/s?__biz=MzAwODY5MDA3NA==&mid=2455734166&idx=1&sn=b7aeb41c8fc596a1a11a8b37af84bda7&chksm=8cc02763bbb7ae75acd49c39c11df0bc06858770940403ec78f136625063bcafa5780b63a5dd&scene=21#wechat_redirect
https://mp.weixin.qq.com/s?__biz=MzAwODY5MDA3NA==&mid=2455734924&idx=1&sn=5990e3522a6a5288134d9205c1fe163b&chksm=8cc02a79bbb7a36f2f86680b85f4fb336c7469e7b187e2c1f8bb9165729a7097164488e729a5&scene=21#wechat_redirect
https://mp.weixin.qq.com/s?__biz=MzAwODY5MDA3NA==&mid=2455734924&idx=1&sn=5990e3522a6a5288134d9205c1fe163b&chksm=8cc02a79bbb7a36f2f86680b85f4fb336c7469e7b187e2c1f8bb9165729a7097164488e729a5&scene=21#wechat_redirect
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o MBIk 2: JoAbFETIM

B TR G (E AL PRI ) CATT=0, QR AMARFRIME A PRI G 2 & 4, fiTar
RES AT A, AT SOX S, BTSRRI T slt 2 3 i e 2%
o MBI 3: ALFERL N [ Fidk . AEASAREAHE R A AL BRI o

b1k 3 FFAREERAC TRV AR [A]_E2AEER, iX— {5 Goodman-Bacon (2021, JoE) “As
[Fo (HE, BERXNTHARNEAAMRRGIEER. 52, Bk 3 BT EHS
WIS T, Fra I 4REEAA H R A S

PN TPE 55— TWFE F 5% B35 -

J K
Yi=ai+A,+ Y yjLead,+> PiLagl +e; (12.15)
j=2 k=0
Sun & Abraham (2020, JOE) i, VRFFEMENZSHILBEE HHERR—LERTXTI, TRty
B, VR /DHERR PR G 2 B LRI, R, Al TR SR A A B B
1 FEE L.
SN B B AR E B — A R 2 250 T2 48 il T AR S R B R T A R
(BPEEAE B P b R AER PR PR o 72— 10 R maich, 408 1 7558 3 4
QLR AURE2 E55 T AFALEE, PINCHBERDA 3 IR R, (HRUA S 2 4L 3+ DAL
REBRETIS . LY. PRALERA 3 WAL HE R, (AE S 1 414 3+ LA LA BRI
Rl ROEEPT SRR H i ) ERCPER S0 IR IR ) @ 3P .
I, Sz BT 5 R A5 7 FTA B 3+ AL FRRTIN IR 3+ AL TS I3, 22 HRGE”
X LR LUSAS B A 3+ AL B ETI AR G BB — R 3+ ZEPERT I IR RPN 3+ 45
JE TSR o PSR R AR S A X B i) R A DA o T L, #F TWFE 58
SR R S g T R A B R A B S I ST ET AT B SR [ U R B o
HUA AR S BB RN DR A SAS 1R U180 HH B S AR 0] U9 R B i T B A
ISR AL RS R AR S R SRS I S P LA I e i 2, (ELR S REAU UK S & 770X
BESR 1T VA R R B E ESRIEBR A T (539 .
IEANETSCHTIAR , SA BAH AR R 1 o6 TS A1 A 15 Hh A FE AR A0 B 5 FEbs SR AU T
SNIFERIE R FHKE R SRR L ail
o A 1: FWFEIMCR g SARIENH REUZE— S A 2= It E, IR SRR T (1)
H S ARSI, (2) ZhaSEHF SRR AT, (3) HERRTEZNZSEIHZ S
LEDSLEREER

o il 2: HUAFATEHMAIN o HAFATEHMAINT, AR R SARNH R0 A
SRS CATT FIH © RIS CATT H9Zetkb 2l G .
SPATEEHBBOS TIRA R BERAE, EEIFAGIRNTEF AN, BIHFANET SR
ISR AT AT R SR BB R T I8 E T H e I B AL P AL B0,
RN ——BR A & h sl S EUH PRI 3, doAHERRAT I . IXali 2 SA FTFRAY“ AL
S
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o AN 3: ~PATEAHFITICAL I RLST o ANRARAYPAT S AL, AR AE T AL
10, A, ARMEERIIR g BYERENAREOI R Fra BRI 8 ATT B4

MG
T T A—— AR R BUR AR e —— 1 — MLt 2 ETHER 1 SR R 8o

28755, ToHUNMREIRE XS TR A BE AT YRR . 28 ATT=0,

BRI AT, AU T A AL B R #E 3 CATT=0, FHAERERTAL

BRI IR AR B AR RO 00 RFEER 1, RECE —JRYIBCR . 1 5 S A

IR CATT JUgiX — Iz —.

o Al 4: PATHAAFIAL LAY R Bt IR PATHES AL, HAREHA M A AL BERTLY
Ao, W FATMARE e Sk, CATT gi/2 ATT. Rt SCERE SRR RS T H S
TR AT E XS BT ATT BUZeE &

AT A BRI TR S AL O[] St R, VAR R B SR AT S 31X
T2 RN R EUR = BRI, A2 I A ATR) = MBO——P 7@ % Chill. 4
SO [] T ——# Sz T, AT R AL B o AR AR B S AR LA RO S TR E AR I S
i) ATT,

N ABATESRDIX A2 ] REf™ H Y [l A TR R T5 R 8T AL B AT 5540
BTeak. (1) WRALITERTH IR REE S TivREE (e R EHEY) , A8 4, ACHLHT
FARIIT AT REE AT (LB B2 n] DAsIER)) o SEbs b, BIEPAT@ARIC s sar, &
BABSRATRE AN (a0, AbPRRY RECRE) o HA = MR RN E N, 15345 24 S30H
5 o

NI, AT KA B A ANl A2 R D AL BRSO ABGRT . TWEFE SRR A7
FERI % o 1% B AR K5 T Pietro Santoleri, FFATE B K TATHEELBLBAIEIE, 14
WU R 400 A, 1S SR E R R . BT (0, 1) REES AR EELECE AR, FL
FEALEC B A AL EERS SO 10-16 3] (ERL, 16 HILUR FrA B9 AR B4, FrLAUHBEE 15 )
FATEI RS o

Y FoRgi R, D FoR TERAIHEA R . HATERNZEIEERERE (DGP) Jy:

Yy=i+3Xt+1Dj + €y

Hrp, i FORMRBIERY, ¢ ORI EEERY (s F R RS . 6 FonBEpIRED,
T R ] A SR R A RSO -
t—-125 ,D=1

T =

0 ,D=0
M_EiR DGP AT LLE H, (EACEERFT, ALFRZRN A 0, TEACH A AN, ACEEASUS RN Rl AE 4L
AL, N, aniRAESs 13 B Gz Ab s, B4, 13 AR B 0.5, 14 BT Ih e
SACER, QRN N 15, DA
_FiR DGP [ stata /855 A



https://github.com/pietrosantoleri/staggered_did

12.4 & # F AT R0 AT R

// written by Pietro Santoleri, extended by Wenli Xu

// Generate a complete panel of 400 units observed in 15 periods

clear all

timer clear

set seed 10
global T = 15
global I = 400

set obs ‘=$Ix*$T°

gen i = int((_n-1)/3$T )+1 // unit id
gen t = mod((_n-1),$T )+1 // calendar period
tsset 1 t

// Randomly generate treatment rollout periods uniformly across Ei=10..16
// (note that periods t>=16 would not be useful since all units are treated by

then)

*Period when unit is first treated

gen Ei = ceil(runiform()*7)+$T -6 if t==

bys i (t): replace Ei = Ei[1]

*Relative time, i.e. number of periods since treated (could be missing if never
treated)

gen K = t-Ei

*Treatment indicator

gen D = K>=0 \& Ei!=.

// Generate the outcome with parallel trends and heterogeneous treatment effects

xHeterogeneous treatment effects (in this case vary over calendar periods)

gen tau = cond(D==1, (t-12.5), 0)

*Error term

gen eps = rnormal()
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*0utcome (FEs play no role since all methods control for them)

gen Y = i + 3%t + tauxD + eps

_Ei& DGP Al LIS Mg AU A S A R0t . A LA B R R AR R B

U RS R IR e AT ROAFESRCA AL HE D=0 i, AU REET 0,
SEIRA B A IR A AR TR A et R BOR GG o RIS, S5 2R ARl 2T T #E 3

2« s DID A5t 1973 — MBI —JC AL BRI . B2, AR CBca AL
MUEA, A8, AE vk E O N ALY N 00 #ef] i, A2l TRl (looking forward)
AIRATA BN AR S A AR AL PR AT B ELACHRRLY o ANER TR A4, B4, AbFREL
RO FIBA T MBS A B AE T (Z W Lucas #7]) o M L3k DGP R A, B MALEAL
BTRSRTA I, #RB0A BB« IXHUE S TCAL BRI o

3w MRS R ALY . A D==1 i}, tau=t-12.5 0] LUA 1, A3 B i)
ARG . S8, XA ME— 1Y ST P BRASNY. A 2 A BN AR AR Z R
FAEZE e T ESCRIRL, S PR AL FRASOS. 25 (A5 SR 050 L B 1%

NI _EASEGE, fEH TWEE SRS E R A B TWEE ST 5 H i =)l 5

LRSS BT« B4 TWEE ffi Ay stata (A0

// M T LA BN B A R K

matrix btrue = J(1,6,.)
matrix colnames btrue = tau0 taul tau2 tau3 tau4d taub
qui forvalues h = 0/5 {

sum tau if K==‘h’

matrix btruell, ‘h’+1]=r(mean)

}

// B ATWFEfiT&

reghdfe Y Fxevent L*event, absorb(i t) vce(cluster i)

* HHEER, WEEEEEHETHA

estimates store ols

// Combine all plots using the stored estimates (14 leads and lags around event)

event_plot btrue# ols, ///

stub_lag(tau# L#event) stub_lead(pre# F#event) ///

plottype(scatter) ciplottype(rcap) ///

together perturb(-0.325(0.1)0.325) trimlead(14) noautolegend ///
graph_opt (title (" (400K, 168, AR EFHHA T EITE", size(med)) ///
xtitle ("FLFAEXT B E ", size(small)) ytitle("FHAEHN", size(small)) xlabel
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(-14(1)5) ///

legend(order(1 "E LMW " 2 "TWFEfEiT&") rows(1) position(6) region(style(none))
) /17

/// the following lines replace default_look with something more elaborate

xline(-0.5, lcolor(gs8) lpattern(dash)) yline(0, lcolor(gs8)) graphregion(color(
white)) bgcolor(white) ylabel(, angle(horizontal)) ///

) ///

lag_optl(msymbol(+) color(black)) lag_ci_optl(color(black)) ///

lag_opt5(msymbol (Sh) color(dkorange)) lag_ci_opt5(color(dkorange))

RANERIE (400K, 158)), EIRSBHARIMEITE

TR
L

REs

3
= 1

gttt

T T T T T T T T T T T T T T T T T T T T
14131211109 -8 -7 6 5 -4 3 2 -1 0 1 2 3 4 5
EtHExEE

+ BEXWMN  © TWFEfGiItE

T
|
|
|
|
|
|

12.7: SIFHEASIRT T . TWEE AR5 i

EBIRixEE TWFE §) 55440 75 B 5 B S BRI 2 R ERCR I =2 H, IEnegs
fTE Y, R AL BRI B0 B — R T EORAE N BRI G5 (G AT RITC
W) BuESE (Roth, 2022). Af2, M _EEWTLAEMHE i, TWFE (45 K En, A
BTG R 7 BB 95% (B FACE L2, HARMHE I BAEHEET 0 iU, SRR
i TWFE 05818, FATATRESSARARI , RIA FATHEHA T T (B il REAR AN 2, TR
2 BATAEER IS AL BRASUS AN AT o

HAGERAERIG? AR, FHIRATE DGP B2 IR 25 H AL FR A I 3 A AL FRAS N,
tau=0, [AlIt, Fi& TWFE BSR40 58 € 45 HH IR SR A0 ™ B Y Rl AT RERN(USUE X AL R
AIEHRCYE OCT AR FRVE A A AT & AR50 A T8, FE N 4R(E 2T LAZ L Roth
(2022, AER:Insights)), Ab¥ 5 IR AT REt 2 AR 1% o

Sun & Abraham (2020, JoE) $ZEEFA], DID @R BT EB 72 KA T A B Bk B 22 o
It , SR e (B2, fERAEME IR TS0 TWFE <=4 fmix, Bl
fii ] DID S g8t & —FF[. F1, H Sunand Abraham (2020) #2H IFfa (i i RIE 1
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FIREAFAER TWEE SRR il i o

// sAfEitE
* R
sum Ei
gen lastcohort = Ei==r(max) // dummy for the latest- or never-treated cohort
forvalues 1 = 0/5 {
gen L‘1’event = K==‘1
3
forvalues 1 = 1/14 {
gen F¢l’event = K==-‘1°
3

drop Flevent // normalize K=-1 (and also K=-15) to zero

. it

eventstudyinteract Y Lxevent Fxevent, vce(cluster i) absorb(i t) cohort(Ei)
control_cohort (lastcohort)

// Y: outcome variable

// L*event: lags to include

// Fxevent: leads to include

// vce(): options for variance-covariance matrix (cluster SE)

// absorb(): absorb unit and time fixed effects

// cohort(): variable for unit-specific treatment date (never-treated: Ei ==
missing)

// control_cohort(): indicator variable for control cohort (either latest-

treated or never-treated unit

* HEER, WEFTESHHARE
e(b_iw)
e(V_iw)

matrix sa_b

matrix sa_v
// Combine all plots using the stored estimates (14 leads and lags around event)

event_plot btrue# sa_b#sa_v ols, ///

stub_lag(tau# L#event L#event) stub_lead(pre# F#event F#event) ///

plottype(scatter) ciplottype(rcap) ///

together perturb(-0.325(0.1)0.325) trimlead(14) noautolegend ///

graph_opt (title ("HE# K (400K, 15H1), BREHHARXMEITE", size(med)) ///

xtitle ("FEFAE AT B E] ", size(small)) ytitle("FHAEHN", size(small)) xlabel
(-14(1)5) ///
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legend(order (1 "HE LW " 2 "Sun-Abrahamfiit &" 4 "TWFEf&it&E") rows(1) position
(6) region(style(none))) ///

/// the following lines replace default_look with something more elaborate

x1line(-0.5, lcolor(gs8) lpattern(dash)) yline(O, lcolor(gs8)) graphregion(color(
white)) bgcolor(white) ylabel(, angle(horizontal)) ///

) /17

lag_optl(msymbol(+) color(black)) lag_ci_optl(color(black)) ///

lag_opt5(msymbol(Sh) color(dkorange)) lag_ci_opt5(color(dkorange)) ///

lag_opt8(msymbol(0h) color(purple)) lag_ci_opt8(color(purple))

IUEERE (400K, 158), ERBMHFHARMGITE

i1

:ﬁ {
1

N RSO
i

T T T T T T T
14131211109 -8 -7 6 5 -4 3 2 -1 0 1 2 3 4 5
BiHExinE

+ EXMMN @ Sun-AbrahamfhitZE  © TWFEGitE

12.8: S PcPEALTRATY. &, SA(2020) it ie

MR UG Y, SA 7 iAo AR AL BT A T A B35, ACH 5 ARt Fb ik
R E LA AR N

T2, BR T Sun & Abraham (2020, JoE) f2HIMIMFATTZ, MARZHENR
e it . 20 DN RIFE RS 351 TR KBNS A2

# DID S

il JoadH (BA30) BYIRE SN Lok F AR R i

AT b B R B SA A 2o B R R AN R SEH TWEE H5)
girh, HAMERIMZERE . Bl B A R RS AT DU SRR LM B AR, 1 BB TR AR
BRA A AL R AT S BsE . FRATRITE PRI B ST SR A 52 AN [l [X S it U e ] o
AL IS TS E R REOR , IXFEOLT . AEH A Al REAF A e AL B, RIS e Ak
PR R P s AR 4, ik TWFE SR THR At al fEIS 2 A WA THEE R T
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17, FATH SA $2 RS 7 IR Al T A R AT 55 R -

J K
asmrsy; = a + Z )/jLeadl.jt + ZﬁkLagikt + Xl-,lF + us + A + €it (12.16)

j=2 k=0
Hrr, asmrs; 8RR 1 X ¢ SFI e B AR FEAREER TN, FEREA i B S
BTN B IR SR M X B S A 1971 4, U@ id . SRR S fa B AT A4 I (A B T
LUAE] 27 7, R K =27, T seiii a4 oy 1985 4, RISLilfim KR RO J = 21, %
HRARAESE s, 2% j = =1, R DR RS RT— TR . y8 RIS 2

o

* written by Wenli Xu
use "/Users/xuwenli/Library/CloudStorage/OneDrive-/{> A /Opaper/132% {3 % By B 48 :
JDIDE| =4 # % T 5§ L H # W /data and code/bacon_example.dta", clear

*

Event Study plot
* create the lag/lead for treated states

* £fill in control obs with O

*

This allows for the interaction between ‘treat‘ and ‘time_to_treat‘ to occur
for each state.

* Otherwise, there may be some NAs and the estimations will be off.

g time_to_treat = year - _nfd // _nfd: No-fault divorce onset

replace time_to_treat = 0 if missing(_nfd)

* this will determine the difference

* btw controls and treated states

g treat = !'missing(_nfd)

g never_treat = missing(_nfd)

* Sun \& Abraham(2020, JoE)
* Create relative-time indicators for treated groups by hand
* ignore distant leads and lags due to lack of observations
* (note this assumes any effects outside these leads/lags is 0)
tab time_to_treat
forvalues t = -9(1)16 {
if ‘¢ < -1 {
local tname = abs(‘t’)
g g_m‘tname’ = time_to_treat == ‘t’
¥
else if ‘t’ >= 0 {

g g_‘t’> = time_to_treat == ‘t’
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eventstudyinteract asmrs g_*, cohort(_nfd) control_cohort(never_treat)

covariates(pcinc asmrh cases) absorb(i.stfips i.year) vce(cluster stfips)

* Get effects and plot

* as of this writing, the coefficient matrix is unlabeled and so we can’t do _b
[] and _sel[]

* instead we’ll work with the results table

matrix T = r(table)

g coef = 0 if time_to_treat == -
g se = 0 if time_to_treat == -
forvalues t = -9(1)16 {

if ‘2 < -1 {

local tname = abs(‘t?’)

replace coef = T[1,colnumb(T,"g_m‘tname’")] if time_to_treat == ‘t’
replace se = T[2,colnumb(T,"g_m‘tname’")] if time_to_treat == ‘t’

}

else if ‘t’ >= 0 {
replace coef = T[1,colnumb(T,"g_‘t’")] if time_to_treat == ‘t’
replace se = T[2,colnumb(T,"g_‘t’")] if time_to_treat == ‘t’

}

* Make confidence intervals
g ci_top = coef+1.96%se

g ci_bottom = coef - 1.96%*se

keep time_to_treat coef se ci_*

duplicates drop

sort time_to_treat

keep if inrange(time_to_treat, -9, 16)

* Create connected scatterplot of coefficients
* with CIs included with rcap
* and a line at O both horizontally and vertically

summ ci_top
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local top_range = r(max)
summ ci_bottom

local bottom_range = r(min)

twoway (sc coef time_to_treat, connect(line)) ///
(rcap ci_top ci_bottom time_to_treat) ///
(function y = 0, range(time_to_treat)) ///

(function y = 0, range(‘bottom_range’ ‘top_range’) horiz), ///
xtitle ("X FE M E") ytitle("SA(2020) f5iTE") legend(order(1 "F %" 2 "95\7 &
ERIE"))

5
1

SA(2020){Hit 2
0
}_
' jigi;l |
( |
' > i

-10

T T T T T T

-10 -5 0 5 10 15
LERNE SRR
]—0— A 95% Ef5X[H \

12.9: S BPEAL N T, SA(2020) i &

ME 1LY WTLVE Y, S B IR TWEE SRR 5e0 T e AR A B TA R SL T, R
MABIIARE, HREERIME, REUE 95% BE/KCF T A RE . XATREEN, 72
RACBRMEIE T, BT A S AR [ PR, Bir A 11.3 57 TWEE SR8 15
AR, H] Sun & Abraham(2020) HASEF O Tl T RIS BIRV G R R . BEAZETHIERFR Y
BN RIS R SR S 2 08 ot B R

12.4.2 A0 WNTE G B B

B T ik A B AT RE 2515 48 TWEE SRAERE S TF R R AW iR A1, AR 5T
AT — LB PR R AL AR S AR PR R, BN, RIETA T, JCHORAN RN R IRIE IR T
G R FAT N AR, BI(EAE DID FofEtseh, B HEER R M. T, B8k
B RTINS H 1R BRI, S HXS R4St sy HilEE SCIE 30, e
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Y HHT SR 114 ALk T 350 7 i R R e AR () i e T 32 o
FATAT LA _E S TR S R AR 5 an T R B A AN R 3 3 PR
M
Yo=ai+ A+ Y BuDism+Xul +Cis+ € (12.17)
m=—G

Hrp, YDX 5 ESCE 80, M LR FRRT e BOR S AT SR I %L, G R abiig
KB AF LR TEAR S e RS T — AN IR YE B 7 1A & Cr—— BT
S RAR BRI, UM A . IR BRATE SR R 20 T IR SR IE R T, 4.,
S FRA AR N AR e R TASREFE A b PR T RA BB, X AN T R T AR
ARG 1o QIR 20 T X S BB R R YA K7, PirA Bl 1 E A ERASUY FT RE
Hh 2 X IR VG A 7Lk 31y (Frevaldenhoven et al., 2021) .

— R, IRIER T Cop BT, L, BT3RS FRRUNY. B Rl AR 16
TXHRE K eI ii% . Frevaldenhoven et al. (2021). Liu et al.(2021) ¥R G K F Ci F
17750, A5 Frevaldenhoven et al. (2021) [T, BIRIER T Gy 2K — MK
Yk FERTAS R ARG 5 MR R R 7 280 (FF: £ Bai (2009) F92¢ B BRI, #i%
RERNEFEAT) RS R— S e s . T AR 3R

Ciy = i F, + Eniy
¥ EAXF N (11.17), 155

M
Yo=ai+ A+ Y BuDism+ Xal + i Fi + € + € (12.18)
m=-G

Her, B2 MRAEREA I A I A2 R85, HA A AR Y A 3T s 110 7700
MR AMBbR R, REON £

TR, T F R i SRR TTWMAG, 0T R B B AT X F,
e WA SBRABIERARE . (1T F R BB SR, B EANGTE HIESE RATRIIE
ISR A AL RIS XS i

B 1: £=0,

Cii= /'l;Ft

IERPIIF S S Ay AV

(a) Frf ARG Fr = 0,

(b) Fr = f(1), Hrp, f() 2 LR R EEE S
() Fr RN, HEAERERN

S EERAE . ATTRYIRAEE 25519 F BB 20N TR R AR IR o ME, 200 Liv et al.(2021)
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% (1a) AT REZTA AR, RIAIR Ciy = 0, AB4, A LAMEALSEH) TWFE S50 50
KNI Bo XA, TG B HIRFRSHEVE AR IR T al Ay 5128 1 X;, MRS i
@i~ AR RE ROV (8] [ E R o BT, MAREERY. a; AIREASE T MRS HilX
AR RIZR RO, PRI, AR (Ta) SR MOE X LB R 2R 2 SO I IR X, B AN
RIS, R HERR TR A S B RIS R ZR I MR 285 Hi X 5 2540 55
o FEBIGN, BRI GERUY A, A REAGR T ZOM AT i e A B R BRI, K, R
W (1a) U ME XL 2= 2 DIAH RN 7 A R A AR, X i RRR 1 ARLEAR T A
R AIE Bl DX B G 1) 222 A28 5 AT 25 ) 52 o

MR (b) — Al TR (1a), BN f(1) & —RFR TR EARAES, Bk, &
RIRTLAELE f(2) = 0, BH—RHIEIZ T, fFRE (1R H 2R 2ORE0R £O, #lan,
LRPERT RS f(1) = ¢, B TIRIRT RS f(0) = ¢+ 2 T XA, FRAVBIER 2R IE A
TR B A MREHAE w BI00E MR RS, 20, X ISIRIE R R XY 52 AR
{EAG N AE T R 4R E BARER B MR TEFRR (b), R4, FRATFFEE T A5
FEEF SN, A 23K A S S P E B TR A T DA M R AR S 2R
WG Cip = 00 BN, Lot f (1) = ¢ AlREAESE I (EEARIEIY) N ECACHA RE SE 1 ik
PURE R T, BN, fTREETr e BTN QB . PRI R 0 5
Ft, EMEAARTE FEI, REWSFENTZO, SN BRI TR, AuhEE
s WANEARZSBERN A, Bk, HES IOt 5. B, BEEM R
, WONSRIT R, B R T R SR [ AR, BRI U 2e 2
o IRANIHAE, FATA] BERLEETE AL B G AL 2 T I [E A f O o T — AT B 557 375 0]
SREE TR, BT hbRA S, RGBT REE L BT MR &S,
It SRR EREAEECH () =t - 2. B2, WRFANTESLHE R TR ab) 2
AR, R4, AT OAME R AN AR TWFE 58 3t R3] AL BN B

ik (1e) S (b) BIAFZAMET, R (Le) FFARESRI ARG K 7 F, REOP A
Ao WFH, Fr2 NEARHHEREom L, Fi, R (o) ZHRFEA B A BB EECE N FIE
G T, AR &SN ! BIEEHRE (Bai,2000), 1F 5E 4% 1 Sk 2 00 IR 7R 1%
RS2 MR E EERNER R F, &% (o) AIRESEIEHEIE, YA R
W FRIET Z2MAR R 2 (BN, BBk ), JX 28 v i 5 i e A 1A, (B2 M A i
AFEe MR IATBCGER A BOR R R T MV X AR ——5 2 A KR, 84, 5t
AKIEH R (1e).

LI TE S 25 i B, BT TR (Le) ATRERZI,  FRATTA AT LA A 3 [ A 5C 4%
. (common correlated effect) (Pesaran,2006) . A H.[# 544w (interactive fixed effect) (Bai,
2009). FEFESEAGEE (Matrix Completion) (Athey et al., 2021) sEfliif i Bo WA —LL2fE(d
B AR HNE AT Bo

HE R %Y. (common correlated effect) (Pesaran,2006) [ stata 7% 4 xtdcce2, Liu et
al.(2021) 51y stata £, fect 7] LA B.[E ER Y. (interactive fixed effect) (Bai, 2009) Fl1& 4

et 1 ==



12.4 & # F AT R0 AT R

5eifi% (Matrix Completion) (Athey etal., 202D)*RIGEIFAHIIA e NI, FRATRME
Jrea— 1 fect iy A H %o

* Zhfect®, EREXNMEKM Treghdfe®, FEik, 7 M5 %4 % Kreghdfe, %%kl R
LR A A

cap ado uninstall fect

net install fect, from(https://raw.githubusercontent.com/xuyiqing/fect_stata/

master/) replace

N fect £ BRI RS simdatal SR fect BT, HOZ2 s &R HIRGALEL 7 FCHL
i, B 100 ALFEAA, 100 MR A, 35 o ABELASE &R T 20N 21 PR Y 3R
INEERAR, Dy FoNAEHAS R, Xiv Xo R ALY M

* fect@EEMHHR1L.4.2F 0 N A

clear

set more off
use "/Users/xuwenli/Library/CloudStorage/OneDrive-{> A /DSGEZE# K 2K A2/ # F K

W5 PR/ MR E 2T F PR/ B R T B £ 5 ¥ P45 5 code/DID 5 5C/dofile_data/

simdatal",clear

reghdfe Y D,a(id time) vce(cluster id)

reghdfe Y D X1 X2,a(id time) vce(cluster id)

B4, I simdatal {7 %1 TWFE iR .

Yi=ai+ 4+ Dis+y1 X1 + 72 X0 + €ir (12.19)

2 TWEE it in h 56 113 fror:
NHL BATEBREIRR AT A TR TR AT S -

M
Yo=ai+ A+ Y BuDism+Xul + € (12.20)
m=—G

b, Al WA AL X B8 X Xoo

* A X A 1]

AEPESE R R REAR X N RERY A, RS2 B MR PR, GO B I A B
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¢ 12.3: simdata Z(#g1J TWFE {11 &

Ak @ 2)
D 3.3@EE 3]0k
(0.44) 0.39)

P AT = 2=

Fafdbrift i = =

FEA 7000 7000

R? 0.6 0.84
S ERBRMER, * p<0.10, ¥ p<0.05, *¥*
p<0.01

cap drop treated_time tag sumtag yearO

bys id (time):egen treated_time = min(time) if D==1 // KA HE it &

* REEEHE — o k(E

egen tag = tag(id treated_time) if treated_time!=.
bysort id: gen sumtag = sum(tag)

replace sumtag=. if treated_time==.

bysort id: egen year0 = min(sumtag+*time)

* 8 S X R
gen event_to_time = time - yearO

replace event_to_time = 0 if missing(year0)

* 7 A SR

xtset id time

* FA R A
eventdd Y i.time, timevar(event_to_time) method(fe, cluster(id)) graph_op(ytitle
("AFEFR") xlabel(-31(5)15))

eventdd Y X1 X2 i.time, timevar(event_to_time) method(fe, cluster(id)) graph_op(
ytitle ("ALIEH ") xtitle("M A FE A H") legend(order(1 "mfHit&E" 2 "95%% &
X [E") xlabel(-31(5)15))

MEEAERTFEE 1110 rTLUE Y BARAC R R AE 95% EAF/K-F T 22, (HiE, Ak

AHT, RHEREHIH R BUE 95% BEAFACE PR, XA R, ACERA AT 412

LTS A REER, W2 HEATFF AN TS Eak. mH, M TWEE

HHEOHF TR T LA B A, ACBEETRHIIIFG AT i A AR A 2 BT axXn]
AERIMRAT TWEE SO I Al T SA7 A i o
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12.4 @R F AR 6 Ttk

ot .
| HM%H}WH% :

31 26 21 -6 -1 -6 -1 4 9 14
GRS ELERLE

|—— SR e 95%ERERN |

12.10: simdata %31 TWFE 44657 &

USRI A 5 B B B P ok, EIAE S8 TWEFE FAEHSE  H Ha] et i
T BRI ) SRR TR, BN 2 SR T A, AR A S AR B A S
ﬁ, W, BB 1e) AlRERGZ, BTSN B ARG A 1 Fro B EATR

SEGER TSN AR, K, TWFE SR TR . B A AL PR 5455
%OWiK%ﬁ,ﬁﬂTUﬁﬁTﬂEﬁ%ﬁﬁ%ﬁ@:

M
Yo=ai+ A+ Y BuDism+Xul + uFy + € (12.21)
m=—G
Hrr, ARG A R X B3 Xy Xo, F R WiTa CRER) MAREY Z IR
HHT, HEWSR ﬁﬁﬁ%ﬁ AR AR FG 5 MR P A7 A S BROME ;o
45 Frevaldenhoven et al. (2021). Liu et al.(2021), w] PAFHAC B [EE&U. (interactive fixed
effect) (Bai, 2009) FI5EM5EAE (Matrix Completion) (Athey et al., 2021) SREEH{dh 11T
SRS,

* 28 T[] A R AR AR I 5T R %

* (1) TWFEfit&

fect Y, treat(D) unit(id) time(time) cov(X1l X2) method("fe") force("two-way") se
vartype (jackknife) xlabel ("#HXfZE{FAE") ylabel ("FHAEHK L") title ("TWFE
51T &M jackknifeF/EIR ")

fect Y, treat(D) unit(id) time(time) cov(X1l X2) method("fe") force("two-way") se
nboots (100) xlabel ("AHXt ZEFE A ") ylabel (" FHAHE KN ") title("TWFERITE
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bootstrapir/Eiz")

*x (2) REEENMife

fect Y, treat(D) unit(id) time(time) cov(X1l X2) method("ife") force("two-way")
se vartype(jackknife) xlabel ("AHitFE AT [A") ylabel (" FHAEH N ") title("
TWFEfi 1T & f1 jackknifetr /1% ")

fect Y, treat(D) unit(id) time(time) cov(X1l X2) method("ife") force("two-way")
se nboots(100) xlabel("HHXFFFFAFE") ylabel ("FHMLEBR") title ("TWFEM T &
FrbootstrapiFEiE")

| FH 5 L N R AN T TR - g Fr s RSB SRR E I 1110

R B EE R MLt =EMjackknifetn/E iz

|
|
o | |
A |
|
|
| »
0 - | S
& i 3
ﬁ : s
& ! 2
R wA—Za o & 2 s e AV AV AR 2
o | 2
’ : £
| 1 8=
© i =
|
|
|
: Lo
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrirrrrrrrrrrrrorororT
-31 0 15
R B
| ATT 95% CI ATT |

12.11: 58 B E R FA A

FEMESEIR (MC) B KM T A AR b AL T 0 R Fro TTRAEEAUER—A
TR Cig = pFr, IFEREBIIAR T 5/ MU AR AL T Cie:

& Y, — Ci)’
C=argmin| » i = Ga) +2¢|ICll (12.22)
C  |uneo

0|
Hrp, 0 =A{@,0)|Di = 0}, [ICIl J2& Cie FEFFEIR, Ac FIRHTTSEL. Athey et al.(2021) 12 HH

T — RSB S widehatC, FER C & C MWECRAE T 5. B, I MC J7
A L T A B SR
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M
Yi=ai+ A+ Y BuDism+Xul +Ci+ ey (12.23)
m=—G

* (3) 4% R FEmc

fect Y, treat(D) unit(id) time(time) cov(X1l X2) method("mc") lambda(0.004) se
vartype (jackknife) xlabel ("AHXtFE LB [A]") ylabel ("FHAEHK A ") title("TWFER:
1T & fjackknifetR/EIR")

fect Y, treat(D) unit(id) time(time) cov(X1 X2) method("mc") lambda(0.004) se
nboots (100) xlabel ("4H 3T HEF B [6]") ylabel (" FHA LN ") title ("TWFER T EF0
bootstrapirifEizE")

MC{&it&E Mjackknifetmiz

|
o |
T [
|
|
| (7}
0 | CC)
& | g
4 | :
R o | s i 5o gt~y S
adihe S e s [ %
B+ | £
{ g2
: -~
|
IIIIllllllllIIIllllllllIlllllllilllllllllllllll_O
31 0 15
TS E AT i)
| ATT 95% Cl ATT |
P 12.12: JERESE KR MC FEDHE A
ik 2: F =0 Hig#EHNFEE
Cio = @i+Yi+ g+ > ¢ (m)zisom (12.24)
m

Hrp, f(m) 2OMAVRYERERAL R E . ME Y EF, BATUHR R EHIE T, ik
m e [-4,4], f(m) =1, HNWET 0o @il SR NBESHCRHTET 4 WU BA—1 2
PERSTRIE S, B8R BORSLHE G 4 1. RONEBA BRI, AP AT A AR BUR AU,
Fr MR ET m 3], 2R RYE SR h BIRIRIE IR T G 51, B4, FRATHEAT LASMEX A
LM BIBOR S S m W], TR GRYE R 75 HER A XS A O B T 52,
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FEBAT TN, AEBOR S B m 9IRS S5 2R A AT AL BRSO AU 2 T
TGN 5 HERY, UL, BATAT AR R Z B m HRAGTHE 280 60 HERATRIE T 6. 5
ARZE G4 IR S 5 S AME BB St 5 B IR o e B 1 2, XM ——RIE B 15 i
A&t SR E B F R A Ri—— A ek, TR, TR EARIE LT T 5= RHiE.
T~ TRSESR SR B X A B Y A L

FE_ESCR S L BRI B 2R B, Al AB SRR . AR 2T, BREARY S
MBS PN, TR, BRIVE TR BROEAIEERALER AT ERBAE Ol 26 LIt 3
IR, BRABGUAEEAR, AR BE EREJR . EAGSMIT S LA, n R N RILIH3E
WRRMAEE, P HEEE T BRIRTDTIAA, 4645 what are you FEIGE”, BR 5111
HOBREAS RS T, dhBbatt 28 A TBRAEN DT IR L84 NI, B2 8 it
TR, R, O EIOE S AR, BREARIELAOR . BR A RPIRASTF B A A tRiE
IS, Al B RIIEIERUE . B m Ry LIt sE (BN, 4 35H3%) BREAIEARGEE
POBTRYBLAOA . HORASHEAR . (AL, Bk m B DASTUIRASHRIE SR T AR ER) 4 Yt
%, BN GiZ 2 DA T IR S HRX N EBFFA R AL RN, M2 IS
TZHTHES, A4, BATER AR % th B M S O]
FIEER AR N 208G Lk (11.24) QA5 BTl LA SE A ZRRTRY 4 3 LLIEHIAR
REEHAG TR R 5 DR LIS 0 IS Paut, FROTRT LRI R TR PRI
[FI B AR ME B AR ST RIS, FERIINAS 2125 R SR SR P a3, it i a3
2 RLZR M BRIX S N R A AR BRGSO AR [ EA2 A0l 11.13 foss

* create treatment variable
cap drop D
gen D=0

replace D=1 if t_event>0 & t_event!=.

* TWFE

reghdfe points D,absorb(i.teamseason i.gameno) vce(cluster teamseason)

* EVENT TIME

cap drop temp* t_eventl

gen templ = gameno if D==1

egen temp2 = min(templ), by(team season )

gen t_eventl = gameno-temp2

lab var t_eventl "Intervention event study time (to -1 before, from +1 after)"

* Event study plot

xtevent points, panelvar(teamseason) timevar(gameno) policyvar(D) window(12)
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12.4 & # F AT R0 AT R

xteventplot,nosupt

xtevent points, panelvar(teamseason) timevar(gameno) policyvar(D) window(12)

trend(-4)

xteventplot,overlay(trend) nosupt

xteventplot,nosupt

o~ -
0 | [ ]
®
[ ]
[ ]
[ ] [ ]
[ ] [ ]

® [ ] Ps [ J ® ®

~ [ J
L 'Y .
[ ] (]
* [ ]
[ ]

0 g P [ ]
Q)
oT———————T"—————————— |
= T T T T T T T T T T T T T T T T T T T T T T T T T T T

-13+12-11-10-9 -8 -7 6 -5-4-3-2-1 0 1 2 3 4 5 6 7 8 9 10111213+

Pretrends p-value =  0.00 -- Leveling off p-value =  0.06

12.13: HHR A SRAI R

RYE ST AT, BRABR ST ST A oHIE SL R B G 5 1 ) L gg. B 1114 o T
MR 4 S LIRS @ F R IMERE A . & 1115 MR IIRE KR R 25 1A
ORI A S AT VIR RE S =2 e O B2 N DV A

Freyaldenhoven et al.(2022,forthcoming) H%¢ T{E3% 2 FIEE 1(b) BULE-S o #iltn, 1
Dobkin et al.(2018) (IHF5EH, Z5RAZ R Y Fon MG TS5, BOR zi 2 MREREH —ER
FELAE i o JRIA R F G PTRESCIRH T /MA@ ORI, BEEZ M MAERE, s = (E H
55 X MIFH, WERIRATAAER 1) oz, Bl Cip = i, IXEUEWRE RN AN EAD
Nt FRASAL A — DS e e RS, BN AU N EBEAER REATA
A 2 o, B G = (= 17), Hp, of FORMREBERII R, Xl ERE A MRS
N AR DL AR TAEBE N AT AR A, B NP EERERAER . I6Ah, SR Btk
SRR G — BN WS, fln, M- >30, G =3¢, Hr—1 <31,
Cio=-3¢, 4 -3<t—1f <3, ¢(t—17), BRI MERLEAERER G 3 N A EA MR A
A, X BN N A
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T T T 1T
10 11 1213+

© -

T T T T T T T T T T T T T T T T
-13+12-11-10-9 -8 -7 -6 -5 - 4321012345678

12.14: B ELER RN 1) fa
©
v—
o®%°,
°
o o0
o ®
°
[}
R e 0 0@ —————————— .
o g 3K
o ® ®e0
C}I_
ﬁl‘_
T T T T T T T T T T T T T T T T T T T T T T T T T T T
-13+12-11-10-9 -8 -7 -6 -5 - 4-3-2-101 234567 8 910111213+

2] 12.15: H R8N
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12.4 @ F AT 7 69 AT @R

fRI% 3: BRI THA &

WEIRFATHBORH T RS, IE-EEAY THARS, nRME MG B —Sefdiih
ACFHAGR o R T BAR R ME Bosl 2 SR AR, HIRIEH Ik,

R 4: TR P AREEA &

WERIATARIE A RO R, B4, XA PIAMEIE -

o (N A MAEAE, HMAMARRYERE SBORL AR, B H B R SU.

R A A AR (A R R A IR R g, A7 — 22 REARZ . FIH] xtevent

BER BB AR X T

use "/Users/xuwenli/Library/CloudStorage/OneDrive-{> A /DSGEZ % X 2K #4712/
HFERPG A/ MRt EZFF R/ N AT EZ 5% ¥ 5 code/data/example
31.dta",clear

xtevent y,policy(z) proxy(x) window(5)

xteventplot,y

xteventplot,overlay(iv)

xteventplot
o -
*
® ° °
®
— -
A A A
= A A A -
3
P s Bt e e e
o ®
A .
A ®
A °
°
-
'

5] 12.16: JR¥A A R AL G

o () AW, HAPARANREZ RIAMHIC, 3XAIHea] UE R n— 4
MASE, SR)E M REAS R AE NS — MBATR ) TRA .
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T T T T T T T T T T T T T
-6+ -5 -4 -3 -2 -1 0 1 2 3 4 5 6+
Pretrends p-value =  0.04 -- Leveling off p-value = 0.27

12.17: PR TR = e B AL B0,

12.4.3 Sk A FRRON 5IEE 317

LR AT B Boridk e T T, KER A BT B 2 H R S o A A Y, A A
FVFIRYE N F o Freyaldenhoven et al.(2022,forthcoming) 55 H , G ME LG GHER, JFHE AN
RSB T P RE AR R B 5T T T2 —

HAT, A 222 [ & 7P By RbE, #ilin, &8 DID (Arkhangelsky et al.
,2021) « A HEERONY LA T E (Xu, 2017; Liu et al., 2022) « HiFF58 5% (Athey et al.,
2021; Liu et al., 2022) . T, AR N2 filit i LH M

5 ->kJET Clarke and Pailanir BYZ& 41 3C4Y (=0 H github) .

ZHITHERATAERI 9 AR, S UE TEGBIEHEMERETNE, X7
/& Arkhangelsky et al., (2021, AER) %o i8R A B —HUCHEH X——HnJH . 32 AE 1989
ST TR IHEUR -

* Mgithub I fim# 24

global link "https://raw.githubusercontent.com/synth-inference/synthdid/"

import delimited "$link/master/data/california_prop99.csv", clear delim(";")

sdid packspercapita state year treated, vce(placebo) seed(123) reps(50) ///
graph graph_export(sdid_, .eps) gl_opt(xtitle(""))

AN BRZE SR ATRL, A R AR BN N-15.6, HARIERY 6.6, fE 99% EAF/KF N




12.5 wfia 5 F AT R

BE.

12.5 B350 HAEFAR

12.5.1 HERF5E: BT

I T ) PR 25 2 oK PO AT 5 SR 12807, B 2 (i P T AR SR A T, AR HEAS T~ —
PHE 5 — P s 2 B —— I (8] P A B ——R A TR

TE A A S AEVE 2 SR T - L R, AR F AR, — LR A i
2o BN, FE AR, AT REE T & W Gitid Fafsdil (statistical process control) ™
TEETFFAOIR, —BAEFRA TR

AT, BRI — — MR B ME AR R e 1
fr[ 5202 Bilhn, 2015 4F- 8 105, 23k 2R 5] % E L——Google 23 1] E A7 BE 44 24 “ Alphabet” (F
5, ARAEA S A IFAE S AR, TR I M2 e (backrup) "——— >4 BKE IR T
AT, WE SR K, ARG AT TAROXNME4) . 17T, FATRIZSHEE 4
“h“ Alphabet” IX A EEE o JXA SRR A5 23 5 M 21 23 RCCE AN 17028 5 O JR A it 3 g 2

NI, FRATRIA 2015 4 5 H 2 8 A JRA A BURCEEM R R ERSR LI iR i BT A 2. It
Sb, BAHRIBELFETRLE 500 F8E A R AT R, A Sk JE T Nick Huntington-Klein ) «The
Effecty 55 17 %o 5456, FATH ARSI R F IR 500 ffas i, s 11,1 fiy
7No

Kok ok Kok Kok ok K ok Kok K ok kK ook K ok

* BEHE A EMN

Sk ok KKK oK oK K ok KKk Kok K K KKk

use /Users/xuwenli/OneDrive/DSGERE M XAk tH4mi2/ ¥ KW G A/ Fit & & it F ik fa/
KRt E & 5 F 9 5 code/data/mixtape/google_stock.dta, replace

tsset date

twoway (tsline google_return) (tsline sp500_return) ///

, 11/
tline(10aug2015) ///

legend(order (1 "AH H Y mFE" 2 "#rE500H frim "))

MBI, BATRTEVE R, AR A SR 500 fR Ryl R 19 2 st bk A —2,
RAEFATTL T LA R S e Bl R R i [N 2K, TR 245 3B S0 ot 8 H KA 2R 5
PP 73 25 S P BT RERIL I T LR OIS TR S DAY o FRATTAHCE A R Ui ] — F
(ERUIEE

BHOG, MFEATRHE G THIATDIIN . XAk, M 2015 45 AR 7 Ho XU
W, WNAEEREAINR LRI GG, HI8 H 6 HE24 Ho A5, FIMLIUH I B0 S pe s i
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15

Te)
o

[ | | [ I
01may2015 01jun2015 01jul2015 01aug2015 01sep201
Date

— ARAREE ——— FES00HK@m=R

12.18: BEABRIE 500 [l 252
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PR A T EE SR R EEH o stata ACRG QT -

* RIS, REITHE R WAL E (AR, abnormal return) :
summ google_return if date <= date("2015-07-31","YMD")

gen AR_mean = google_return -r(mean)

« HEARRA AN Ry ER

gen AR_market = google_return - sp500_return

* RS oaE RREITRA, FONAHOE oy dk as &

reg google_return sp500_return if date <= date("2015-07-31","YMD")

* 13 3| 7% e e (AR_risk) & FME

predict risk_predict

gen AR_risk = google_return - risk_predict

* B U A 2
gen obs = date >= date("2015-08-06","YMD") & date <= date("2015-08-24","YMD")

format date %td

* B A 5 Bt e

tsset date

twoway (tsline AR_risk) (tsline AR_market) (tsline AR_mean) if obs, tline(10aug
2015)

ME L2 ATLCE Y, £ 2015 4F 8 A 10 55, AaUBCERMS IS 17— 55 HRYR
ko FAM I LITUNE], EABUE Y B, AICEA B2l KSR 20, K5
H W A BB R B IR 7K (0 B o 1 H., FRA I 3oA R A AT EE 2 e 25,
XA A B EE s R A A T iU 2. (HE2, FAHER AR —2, FH 8 H 20
TAATHI AR S AR R A EE LR T ORI, BB TORE S L XA s R]
REMUA R A A AR 1, DA FRATRT A ZE A H i s Rt ) LA 20 HEL Tk
HTETE, ti2id, BTG TREARIIL T R ke IXEWRAE , AL FORr5E" 7k
FIREASBEMIM A A RE R, T A ] — A R R SRR i R A B . TEHZ
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12.5 wfia 5 F AT R

XTI E AR, RRTRERL R AR R T, ERIRIL TS S HINE

Tp]
8 A
O -
Tp]
q =)

[ | 1 |
06aug2015 13aug2015 20aug2015 27aug20
Date

AR_risk — AR_market

AR_mean

] 12.19: 25 3CH 23 o0 BRI AR SR A 2 M

br T ERIEZ AN, FRATIETT LARIH stata B2 560 SR A 56 1% 46 25446 T I 2R o R 1 52
o 5 Y stata #2714 Zhang et al.(2013) 43’5 |1 eventstudy F1 Kaspereit(2015) 45 [
eventstudy?2 1y 1. AP FEH{di 952 F. Pacicco, L. Vena, and A. Venegoni (2018, “Event study
estimations using Stata”) /£ estudy 4, 7X AT BRI IR S S5 R AT A
L
o [AII P18 22 A8 1 1 ST e A o 5
o AARMNMEEH BAARENSE W ERITE. St 7 TE;
o MMEM P FTE, HE NG
o L T ITIE
T, KA estudy dy KAl TN google B A4 XS B SR w FEAB SR T AU £ 2K Y
RN o

* Jn#H estudyt? 7 &

ssc install estudy,replace

* & FHestudyiZ k5, iHhelp estudy
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12.5 wfia 5 F AT R

estudy google_return sp500_return, ///
datevar(date) evdate(08102015) dateformat(MDY) ///
indexlist (sp500_return) 1b1(-4) ubil(1l)

HRAEAE LR AEAE 2015 28 H 105, Kk, 7 evdate J5TA A BIX M EA HIE, H
H A% dateformat 2° H HA". HIEW ESCHR, fEamiig gt r i ot oent, AT
EB G RS 0, R, FRATE S5 2 2015 42 8 J1 6 H-11 H, sk
B EAEHNET 4 DS H (Ib(-4) FlfE—13¢5 H (ub(1). 1FEIITF45

Event study with conmon event date

Note: label of variable google_return truncated to 45 characters

Note: label of variable sp500_return truncated to 45 characters

Event date: 10aug2015, with 1 event windows specified, under the Normality assumption
SECURITY CAAR[-4, 1]

Daily 600G Stock Return (1 = 100% daily retur 5. 65%kxx
Daily S&P 500 Index Return (1 = 100% daily re  0.00%

Pt CARs n 1 (2 securities) 2, 87%kkk
CAAR group 1 (2 securities) 2. 88%kik

ke p-value < .01, x p-value <05,  p-value <.l
& 12.20

PNPFFEAF BT E L, A, estudy a5 BIARI A THE LR MFEARIIN A — 152
Sy BRI IE AT AT 30 NG Hoik e BIRGEREGH T H I, AR5 8
LR LW K. RRSE SR ERIREER, £ SR ITERRN R REE, B
e Rt R R R R s (CAAR), IFHIBRT T B2, #lin, google H
FHFNE T ARSI R AR YR S T 5.65%, HLAE 1% WE(F/KP T EE. A
ACE AR T HARE 500 FEECas R INBA BRI M. A, A2 REER A A
TWIET, estudy ARG RAYEJR MATE B A G T EMAR R BEE R 2R, e T
PP AT EIE MR A B o

2, BT REE IR R, R T, AU AEVEM - 28R . AT AR
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12.5 wfia 5 F AT R

HiJE . AREIALRER RN . BATAA T ER A A, ME— R BEA S, ARHE
AR R SRS R AT B A AR > MATERS AT N AW BER R LA Firns, JA 1248
JRIMERIMAT N — D SFHLA A B, BOINRA R AL, A2, SR E M
HRLIERT RS A A, A2, FATT T LR R 24 A i A A S S P A i — A S S8 5
FOTIME S IR, SR O ARAR P A SR AL S AN, BT 2= SRl SR A8 o
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o 13 5 I H)fp40Hy A [ )R

13.1 H [l )35

MIANERA TR, FRATLER EA R LA EEGE, EIRATATEZAM H g
WA RAEZEN, KB R SEGE, AR L Eah 5 B BRI . XA
— AT MR A MR, FH AR ES SRS, g, FRATT AR
FHE BT RIS TR 2R P S5 5 AR o AR PR B T A A S T A ERRE N 2 . #RE R
T 2804 A T A SR I s = S REBZH, A4, AT TAnn] 1) R I (1) 7 471 5 St i sz =
SLARE e ?

FAR bk, google M ZEIA g Z 911t 2 I o) P A 00 ) — FRE =, 8 A Ad 1A R U
i R IO A1 IR P a2, I FH 2R 7 1 30 Y S B AT e 28 5 OO Y oz 2R S 2
RPATILE, 153 F a3 AR, B ZAG38) H A FH0 A fUBCE Y i SRR (B SEFR ERY
S [R F 27) T 7 2 2 B AT SRR 5 O IS R4 B —— WU ) B [EAH OGP o G, GnSRAE ¢ 15
RAET =5, SECTEEEER, B, X EEAUUE ¢ 341, il geid<sbl
EHINRES RIS A EAEH . XL E i TH RO R 28k, (AR BiH5 75T REANIE
M7, AT EAE BT T TR A7 S TR 77 32 -

T, AT SR P I BRI R P2 T A2 KE 911 KL EFrgit
20 A KALEIRFR G AR R R SR, B, MRk, ANk RSESE. SR B, K
MR 2, M Our World in Data ERYG TR AR H, A6 KL IR, gifEheE &
USRS R A IR 7o D 7 RO RELE R, SEEAE 1973 E5 N T Eikillas, s
I IR X — 8k R ALEIFE . FRATM Our World in Dataphil 2428k 20 40
1-2017 SFRY KALEFr RO, 20 20 60 FEARLLKAY K MLEIFF S EdE &l 11.4 s A
AT LUER], 1973 4F )5, AR R oRIR NRE 7o B4, FRAVESSERAY MK 1
TR BRI A4 W LR R AL R SR OV A 2 K We? IX e, FRATAT A2 ] Bk
JB SR it 28 H TSR T 4 il Y RSN o

M Ay} FREIKCHEFF R AR . B, TATTEAGE] 1973 4 LARTHY ©HLEFRr
BHIME: A0, THE 1973 fF 51y BB AME: AR, BORBEA LB R e
IF, 1973 R KALSIFRr R R 2805 1973 SEATHY SR, Bk, StaT EATTAS 21 2 2558
THY 1973 4FJ5 ¥HLE R IME S 1973 dEMHA &, RS SEHINNE S L hnfE, 153
B BRI HIRNY o

HE, EMTEETEE T B2 TR ER (v} P yIER . Kb, A7
A AR A& TR B[R] e 20 07 ok T F - 5% . #1201, Enders, Sandler, and Cauley (1990) £ ]
AN AT A AR 5T T 4 R KA B S B RN -

Vi =ao+apye1 +cozs + €, lar| <1 (13.1)


https://ourworldindata.org/terrorism
https://ourworldindata.org/terrorism

13.1 g

80
I I

60

40
|

Hijacking incidents (ASN)

20

o -

I I
1966 1971

I | I | I | T T |
1976 1981 1986 1991 1996 2001 2006 2011 2016
Year

13.1: 2B CHLEFF R0 A
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13.1 g

Hrp, z FBRAEA T, @, LEE T EEBNES D 1, A ZLEIEN N 0.

MmHE, fe778 (111 o, E—HARY yo ES MBI y, IE, XHF B RIE. B
EAKIE I E IR P AR &y, B SRFE S B B R gtk R g willn, F-45KAE
BATH T 100 Fegl, AU 7 FRARFTIR P MRk, IR T IREfE, HibA#
SRS, HERRBULSE, RS R B, BRI S 4. Rt EIH.
(LD 2 —P—BraEH ARQ), #EZHH 1 ENRE UG L — 8 y FVED T AH )
WOME y SR 2k e, RIS TR ERUH IR —FE B CHL BRS04, R4, FROTARZE
HITE _E— 0 BRI o BRIk, —F B AU v B — B S 1E yie1o

T, RAPKEFXAIGIER. FE, ST 1973 407, 2 = 0. HI, ao HhRHIZ
ORI, IS FATR LORAT RS S B BN 125 1973 SF0T IR, o =1,
I, BRI T ao+co. FRIL. SBERMERIIARU AR %2 oo IX MRS ST
S Al T AR PR AG 600 ¢ Gt RRaE T S T, (TR P A SR SR 19 :

* I B

use "/Users/xuwenli/OneDrive/DSGEZE#E X % A2/ ¥ KM G W/ N Fit &L i ¥/
B RITE A5 F 9 5 code/data/hijacking.dta" ,repalce

* GERENEE

gen z =0 if year>=1966
replace z=1 if year>=1973
* ols[H A

reg hji L.hji z,r

IREVASER IR, éo = -16.6, M HAE 10% ACE F 235, i@t BRI
FEMIE I 2 PR KL B FF 125 16.6

FITXHER TG FAIEAE, 5 1973 LS mpilay 5, 1973 ER) IR R8s
MR, TOARE B RUERRLRGYE BT, 1973 SRR KBLEDFF AR BOLE oM R 1974 SR LA 2R
PR, 1974 SRR LI AR RO MR 1975 SRR RALAFr SR8, ARE, 1973 )5
W Z RIS , IXF IR MIZ 2 AR 1550 2 R a4
WEIME 20, Rl Zde RIS IRV 120 RTRETRATT I it 2 4 <5 S A i
X ERVE IR N 22 K, 3XA BB ATRT LAE BTk of i 2 e %% (IRF, impulse response
function) o "N EEATH AR A R ACRE BT 2Bk . FATEATTR (11.1), 153




132 =/ g )aEs

Yr=ap+taiyr-1+coi t €
=ao+ai(ao+aryi— +coz-1 +€-1) +cozr + &
2
=ao(l+ay)+ayy2+co(zr+aizi—1) + (& +ajg-)

o (o]
ao Z i Z i
+Co aizi-i + a € —;
1- aq N ;
=0 =0

TR K R PR A IX AR, AT LS 2]y, R — DR AR R 2 1
SMEAESN N (TS5 2 HRFRA BT BN A FIan, AT B ER s R s X S
HIROY., B t=1973, t+1=1974 FE55 . X T ¢, 2 XT y BIS2IE0E coo L, FRATH ym
RKT 2 W TEL:

Oyrs1
0z

co IR 201 X Yi+1 E@E%%{E, 1M coar WU K |z, X Yt EI/‘]%I@ (=co) Te LA Yt o Yi+1
HIRUN (=ar)o FZRIXFT A, FRATAT LAIE B2 B ki [ pR 4

= cCo+ Ccoaq

01+
0z
B R TR ROHERS , Bl T 055 ATl MG BRSO 2 oo o IR0 < a1 < 1,
FEE I TR AYHERS . 4 ARASEE N T/ AL PR/ A i R RO . AR —1 < a1 < 0, BUK
Ty MRV = 5 1B AERIIARUNN co Jas v FPAIRIIRY 2723 1R . 1R TR
RikT
TR A, B R P BOR T B MU B 115 78 A iRR i A
i ——1973 fFE AL TR lgy, DUSHE A, 80 1973 FEBOE T M 0 42
N le Britbz gh, A =R (1) nlE 105 A5 BT ImI b, BoRA A A
1973 SN 04500 1, HEFM59870 0, Buit, i B REUHEGPEDT, I e A0 o ] /e
SEARZ M (2) W 1L NITH B ETAR LR, AT RER I, AT BRI I I o
P 1) e 5 50 S A T 300 = 2 2 AR B, AR PRSI AT 2 . B4, 258
AR g B XA A R RE T o B[R] e s s i B T AP At -
FFIMT o
TR ]t 5 B e 2 |

=co(l+a;+... +a{)

13.2 o) H o] LAY

X TN AT ZOR BT Stata Blog % T+ Stata 1Y VARFIZE ) VARHiL


https://blog.stata.com/2016/08/09/vector-autoregressions-in-stata/
https://blog.stata.com/2016/09/20/structural-vector-autoregression-models/

132 =/ g )aEs

BA M T I B e
] «© -
N N
B @ S w© -
| = c
b 3
e e+
(o] c\! |
e o
7071 7273747576 77 78 79 80 81 82 707172737475 76 77 78 79 80 81 82
BIBHIE R M BRAER M
= 2
[++] o -
N N
..6 0 .‘5 ©
| o | o
3 3
e £ <
(o} [4VIE |
o - o -
7071727374 7576 77 78 79 80 81 82 7071727374 7576 77 78 79 80 81 82
[ 13.2: phfis Al
13.2.1 VAR

T B3O AR g [ RH, RIS v, AT OB B B e B pR A AN SR FRA AR 2
Mre IR PP A I, — > AT 2 A i HIEH (VAR, vector autoregression) , Jiif
FIBSL, RS2 AR Y )RR R B T (R A e AR R SR (E Y BR A B —A
WIS i VAR foiil oy -

Yr=aotaiy—1 taxx;—1 + €

X =bo+bixi—1 +boy,—1 + €,

W ZEME T R X SRR M AT . S AR T DR SR 4 W RBUK 43
Mro T, FRATFIH VAR BIRR T — L8R 1 2 M 451 5 BUR A

AER I A & DA J, AT E € ECERAER, e e VAR R b Al £ TREE 720
G te . AR TR ER IR IR TR I R BURIAE R RSk 4G i HR S IbAh, FRATIEEES
W I, AT PAZER — 3 — AW 5 O gt VAR FiBrh, sl (] stata ARG —
SEIE S R IR AR R I TSR . N, AT SEE 1970 fF—2RJE-2021 F—R R 77
M AR F—0 % (ur). JEAKE (inflation) FI& SCFI% (ffr) —15I VAR 5 .
FATAT LA = AR ) VAR AR5
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inflation, inflation,_y inflation,_y €1+
ur; =Ap+ A Ur;_1 +---+ Ay Uri—j +| e (13.2)
frr fIri— L €3t

b, Ao RAUEEIHI R L, Ar, - Ak 2 3X 3 RBUEME . ANToRE R =P ZMETA
BHNAAL, i 116 fios. MBI, ATATLAA S (1) 20 140 70 FEACH B KIS
— AR SR SOLFEI AR (2) 2007 SEEEIRGTEALE A R e ak e el Ef 55 M A 4
AR, ol BUE, SERGET I RIRERE S 2 Z R KP4 (3) 2020 FERY 4
PR e LA 5L ol R AR, AR A S, N T RO TR, SR
BRAHFRICOR MR R 2 B R ACHITIL, ol R TR, (BRSO IR L. IR, FI%
BORH AN AT 27 AT AU e ?

)
29
lo
£ 8
: T T T T T T
1970q1 1980q1 1990q1 2000q1 2010qg1 2020q1
tq
|
<
N
=
S5
©
<
T T T T T T
197091 198091 1990q1 2000q1 2010g1 2020q1
tq
eI
o
I3
8
E2
wn
= T T T T T T
1970q1 1980q1 1990q1 2000q1 2010g1 2020q1
tq

] 13.3: A2 H AR AL

NI AT VAR SRR T — N R B A5 . A SRR, B TE
LS VAR BRI m i el FRATRTLAMEH] stata FRfY varsoc iy < SRS T— L 1E AU I
WA IRE o

* RN
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132 = g =2

varsoc in_rate ur ffr,maxlag(8)

Lag-order selection criteria

Sample: 1972q2 thru 2021q2 Number of obs = 197
Lag LL LR df p FPE AIC HQIC SBIC

0 -213.076 .0018 2.19367 2.21391 2.24366
1 211.356 848.86 9 0.000 .000027 -2.02392 -1.94296 -1.82393
2 237.79 52.868 9 ©0.000 .000022 -2.20091 -2.05924% -1.85093x
3 251.21 26.84 9 0.001 .000021 -2.24578 -2.04339 -1.7458
4 260.341 18.263 9 0.032 .000021 -2.24712 -1.984 -1.59714
5 268.087 15.491 9 0.078 .000022 -2.23438 -1.91055 -1.43441
6 278.662 21.152% 9 0.012 .000021x -2.25038% -1.86583 -1.30042
7 280.854 4.3828 9 0.884 .000023 -2.18126 -1.73599 -1.0813
8 284.545 7.3829 9 0.597 .000024 -2.12736 -1.62137 -.877413

* optimal lag
Endogenous: in_rate ur ffr
Exogenous: _cons

€ 13.4: VAR il J5 Ioe Bepm i
varsoc AT LSRN 117 fron, on T2 R IR 5. IX 2R 50 iy & SCal LA
help varsoc #f7 . LEPRIRCRSALLEE (LR) M1 AIC #a S fErA s 6 301, (AL, FI#k
thise e 6 kst &L A = .

13.2.2 SVAR

[38)
W
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vari, ffr, ffr varl, ffr, in_rate vari, ffr, ur
1.6 .003 4]
14 .002 28]
.001 0 T ——
£
0 -2
g T 0014 -4
varl, in_rate, ffr varl, in_rate, in_rate varl, in_rate, ur
8- .006 | 4
677 004 7
e W 01— —_—
.002
2 -2
0 o — 0 - 4
vari, ur, ffr vari, ur, in_rate vari, ur, ur
o .002 1
-5 -.002 0
-1 -.004 -5
T T T T T T T T T T T T T T T T T T
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Step
95% Cl — Orthogonalized IRF

Graphs by irffname, impulse variable, and response variable

4] 13.5: VAR HJiie i B oF L
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8 14 5 ZhASEEAL— BRI

KN — M (DSGE) BIALZEI 40 Gk ZMAT F iR, WME, BEAM
N EME G ABER ST HRAAE, I HaiZ T B B @ N A5 58 Z A1 38 i AR A
H i B2 777 (Kehoe et al., 2018; Solis-Garcia, 2018). #E-A[E/ Lucas #it#] (Lucas, 1976)
M EE R Z2 T AR . DSGE BB (UAE ZE A 5 A Lo sk 2 4% . TRI, o &5 [ EURF
0 E FRA AL T B 2 F T T E. (Del Negro and Schorfheide, 2013; Caietal., 2018),

(B2, IEWNIFVetal., (2016) fi5Hi: XTI Lo ARBIAS:, (HXHIHET5E DSGE
R AR SEIE /2, DSGE MBI THE AR & o " W15 DSGE X T A 58 Ak Ut I THR T =
A2, KT AR L0 7R A R IIA B E B K. AR H H I Ei/E TR (L DSGE
HITIHE, ATTLERF R A, B2 mERAR A #BRENT DSGE fYHEIS 524850 SUA B _E B
HikiH

—J7 M, FRAFEIKE M A5 222 fi—Blanchard (2021) [ «Macroeconomics
(8th edition)» F] Mankiw (2019) [§ «Macroeconomics (10th edition)» —— B 2 %[ 15472k [
i DSGE ARG HIFZTS L, M T ML GRS IS-LM-PC HEZLY 2575 1S, NKPC
FOZEHFN G BRI T HELR . FRELE T Mg g 7—J7E, EWN KD mR T
W1 LA Stata BE Oy TRBTF A7/ R, ENFENI 74X Stata FAF5 972K, 1 Stata
15 JPIA A5 7 DSGE fie, [Ath, BT Stata 2>k Sl DSGE FI8H G 20 M4 5 5
AT TS A E N A B A D RERIE R

14.1 #7 IS-LM-PC fi#Y

14.1.1 IS-LM #i%i

IS-LM #RI ] GE /& BT A 22l S5 A I N GBI N T o $RENX— T HEZE, B SAS
PR RN AT 2R ——298. & v i (John Hicks) FIBT/R3C. A% (Alvin Hansen). 1936
T, HEghfE. PUEHT (Maynard Keynes) HR T iy <iEigY. IXARF—AMWmE, ol T &%
LRI, BIARFAIN XA B EREARFE, HENAERS AR, Fib, 5%
AT EF I AR AR LRI B RS A M AR . 1937 FEM— AR b, A e il
AT IR A ELE T Tk A I T iR IR AT . A s Y B IX AN A R
B RS R ok, FROAIS-LL B, 27 1940s, (AR B T 25 0n Wi o, IF ARz
TN IS-LM” (&6 E, WshME-1810) B, ZMATFRIE T 80 Z4E, WEAH, JLF
I IR AR 2 A5 27 BOb Fh R 45 1S-LM B

FE—DE AT, P2 g A 2= e fbes Y ST 0 sk——iH%k C. W%
I FIBUMIESE G, R



14.1 # A IS-LM-PC #£ %

Y=C+I+G (14.1)

b, B st C 2 sCBoloN. CRONIBI, Y - T) BORIEREL B C = ¢y (Y - T),
Hrp, ey > 02— M2 FoRiabrilBilh . e, FCioilNs, HZ . 1 E
WA G AR T AR 2 B S SRR 5 ML o

FONERRR, TR ST AT T AT A R

U= e Bn— bl s E S, T2 5EE e A4, & nl RERT 2 LA NIHIL

R G RN . HE . MBI . A4, BAEHF T ARk

HIBLE SR IR 2 2077 HH Y SN

2 M BN AE P E R AT B ST R I Ao R, Al BT FIOR N SE X LA L

Bag o A2, RGBS , Aolk BT SEA LA i3 A Y A L sy, B8 dase T s | o (T

B, XEX G A BB, RIS RR . A Al TR R KA

M, HSHRATRIBRARAAR s 85—, & LR R B ZE R X BRI

5N S BT 5 BE SR R IR AR BN TRAT Y 2 SR 5 )

FATTAT LA T 2R 2 85X 1~ 155 A S Mg (A % -

1=1(Y,i) (14.2)

Matdd, (10.2) Ry H Y X IEEENR, ME X8 R R o
FATRAR SN OE T RE N (10.1), 1551
I(Y,))+G +¢,T

Y=c,(Y¥ -T)+I1(Y,)+G & Y = 1 (14.3)

M(10.3) FILUEH, FIER$EE, IR TR, AL~
T, ROPRERRM TS, FATAIE, FIEEREMWES T RIGER . Bl
M =YL(i) (14.4)

Hrr, Mg fritas iy behacs . L RonMmasReEE, ClloN Y MR § g, 1
NEIERE TR E, FIEESSER e K. WEEREMMSET K. 84,
JATREEE I BeTh AR —E BB T, FIRHE S S FRIRGeTh AR, B4 S s N .

FATVG = T X T R B T i g 48 5 R e — e -

e _ I1(Y,i)+G+cyT
IS Ei%: ¥ 1=¢y (14.5)
LM ffigk: ¥ = 2%
RATAT LU L IS-LM {4, 1EE T
AT LA, WBEOR il BB 80 .



14.1 # 7 IS-LM-PC 4 A

14.1.2 IS-LM-PC Ei#l
IS-LM MRS 17 i i A i By 395 . BRIz A, Z2MATE IR0 R0 55 5]
Wi, FFEhii AR S SOl IR R ESR, SRR FER S i 2k (PC):
7—n°=—-a(u-—u,) (14.6)

Hrp, n FoRidlicR, o FORERI, u RrRlR, u, For BRI, (10.6) 3%

W, HIFEMT R SO RALT BRSO R, MRS S TR, RZIRK. FATN T

P AEME W th 255 IS-LM AR5 e, ECRRE RS IA 7~ R AR, A2 Sl % 1Y
KR

HoE, BAEE T, KR SGHLZ KR REE L, RlRET AT 5750

ik

u=U/L=(L-N)/L=1-N/L (14.7)
Hrr, NZIRhl, LERIFEN ). B DEFRE SO ZRATE Lo 58 D ERZ SN
B E S, RS sh Nl N . 88 =AU . FA1 e (10.7)
N=L(1-u) (14.8)
Rl S5 12953 ol LA (1-200M3) o FHERER T H: A THEA 2N TTE), &
B R B — e RAT s AN A e g, Bl
Y=AN=AL(1 —u) (14.9)
Horp, 28 A AT (10.8) 7 A (R, M0 RTET HIARES, il Ny = L(1-u,),
FEHEET HIAH Yy = AL(1 = uy)o
ft, AT LAAR2]
Y-Y,=—-AL(u—u,) (14.10)
(10.10) 25 T AT R KR S 40k 2 B R R 2 HE B 2 ZR7 H
R AT (10.6) A (10.10) H1, 155:
e Y y_
n—n= 7 Y -Y,) (14.11)

EAERIERE T2, b, Mo e T HAS W, B ECohIER, @Akss
B, 2 IR
¥ PC 25 LS-LM Jyiegs 4, 10454 IS-LM-PC J5#:
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14.1 # 74 IS-LM-PC # A&

IS HEHQ%: Y — 1(Y,i)+G+CyT

I-cy
LM fiizk: ¥ = 2 (14.12)
PCHiZk: n—n°=L(Y -V,

o

nEprs

14.1.3 £ EhiiigEE#E . IS-LM-PC-FF Ei#l

H1 35 R BTG & HY 2008 AE2 ek e, LERTA AHE 7 i 7Rz iess it 55
KR T 1o AETS-LM BB, FAMBOIZ SR 2 5w I5m, BoaEmXE, 1 H2 Haem st
MR EEERIEE T B2, bRl 2RSS Smrh ok SR .
BRI IR R EEE R A B4, SRR TR S ok . SRR AT G R
KRR EREEAEH . MBS EHIOTIRME ARG . R, Smrbsiy
YERARE g . A IREER, R, W 2 H—— W8 s TAE BT R R R 15
M. 80, —BHamEB TR, $inRE &4 e afail.

FAVEB SRR T = ik

e 100 | fifg: 80
AR 20

LHEXA T R A RSP 50™, Aidgemrr i, Wil smha
FrA 100 SREGT ™, TG A 70 80 FIH A HEA 200 BLIF, FRATATLUE LRl B AR L 32
FT TG, BN (20/100 = 20%) o IATHRNIN T LA, JI (100/20 = 5). kb
I I PERTAT FR ARSI A S P KARRORTAT R SR R A, KSR
USSP N e NEE

R T BB A5 S mlrh /A% 77 M 100 B R E#E 80, A4, W™ siZs fufsml /2 3l
AHTHATA (90-80=10) o BEHT, Gt AHIFLH R DRI S KA 21 9. HA8, R
ISR BAEETRED), (HRRIIE, ARITIRTIXR L Z BT Z T o FNTBRBERATHIA R 6T
FAE R, BIBE™ M 100 R EER] 70, MRS, SRl ARG, &k TR RES . WIEE
ST o ARLEAEARATAFERAY NPT RERUIIRAB E 1o AT 20X PR ERARENE? RN Bt
BARSFEANTREST, E ARG, HERREATREST, JUHIZ MR AR # 2 i ki
KREZEMAETFARR . GORITSIERAR, FTIrHE . EREANNXEHME. Aerfshis
oS, FTITHER X BE, SRR eA R RE I FERD™ A XU B = o

75— EEN RS SR XS 5 X . FERTTE A, AT B SR
A —MEss—0m, Hit, SWAEENE KR B2, RESAE SR
PR EEE WL HAAIE S Y s, ERIRLETh? BAAR . XMEWRE, Sl LEaEL
Mk, BABTIEFZ TG T Es. T, A T H ek, BAH
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KA ——i 55 NPT REAREEAIE H C 55 . O 1 ZIENXEENXES, IESS I HF A& BRAE %
A7 (BN, Tem) R EROMEI— A KSR AFRATH IS-LM flrg, 245
OB RATREE R BT, AR BORA R . R X m . St b, TR
R E S BURRIRA R ——BORRE + )Xo m XS A i 8 A fh iy
e SR S SR 5 =TI e R A N I e = N AN el i W T = | 7/t i 7 A R ]
BORFR Z AR R AR AT LAIR N -

r=yi+e (14.13)

Hrr, @ FORBOEFIE, r RRTHAE, e FRe@iH@BemRs. wateidi, mHF
FILERAE R SR S O SH R AL 1 EARAS e R LUEHIRIZE , e Bk, IR 21
K. EWRE SRR IUEAL o

¥ LRSS IS-LM-PC #1454

IS HEE?% Y = I1(Y,i)+G+cyT

I-cy

LM fhzk: v =2
2% L@) (14.14)
PCHizk: n—n°=L(Y -V,

FF iZk: r=yi+e
W s -

14.2 DSGE f5i#!

T B AR A2 A Y BT T S5 W 2 5% -5 B Y B (8T A6 B9 29 A HE 2 (Mankiw, 2019),
HRZ, WATETERX MR, R BIRE—DShASRIEREE, B0, FRATKEA T RERE3E R — 453
Vo [FIFEHE, ST EABIIafT &R, Fr AT Eid R i 22 A8 5. St
FIRS, XADFETEWE A EERBENE. B, FAOTF A FH— T BA ST
T 2228 % 2 A KL — W DSGE. D g2 54 Dynamic [ & 7£f, [ S /&
Stochastic BN F£E, A4 GE Wg? BI5H02 &I General Equilibrium [ 5 FHE. 3
M —F, AR IS-LM fifldr, 5 LR gt iy, Wi s el S d a2
RS, [FEE, IS-LM-PC-FF &Rk, gt s i ey, 57y gy
[F] B S RS

KERG I AT A AE AL 2B P BB IR AS 2 [ 22 AR T 1 A Bl A BEATL— 41 (DSGE)
I, X R Ok EAGY () AT T A TRk A GOk SEAEAR R (FRAY—FL
IS —U WK £SO IR — S SRR, AALT 7. 8FHEANT, HH
WAFAEDPI =) o 8980, HHT, JLFArA ) DSGE ZM#EmMA, H 2 A TR,
YT TR Z N i SEAEAS K U Mario Solis-Garcia (2018).  Seth Neumuller, Casey Rothschild
& Akila Weerapana (2018) ftIIH# T, 2008 fF Bk RfGHG, SRS S FRAR 2T




14.2 DSGE #£#!

BNASHEL— I ETRBIN TR FIR T o #E 2Bl sy "2 A FE AT stata FRELIREAGE, TN
stata 15 F iG] LAF A DSGE SRt Z22M &G SBURIE R AT 1, B, fEmEgAarERf
WA TR 27 Al stata ZUpid BRErR, FRATAT LICRE 22 A 18R Sl S BENL — e s A
R T o MIRAER DRI 122 >) DSGE LAk, i —BEASIE L2 4, 5%Fh DGSE
MR EICHBC AR, S EQARRH A B AN [T REE 1 I N AR IE 5 R 2SN ARENL
— IR D ATHELS . AR XN HR (TR, 2N IR g AR EZIR DSGE, 45
THRITHRINAS) o 2wy 2, RAMEH R 2 E0H NK BB ZE S S BEL— 5 5
MrEZRH — R BRI E : BE5E 7 SLhr&yt i (RBC) 144 L5 SERRRL ISR AE 520 #r
M sh A Jft (Christiano et al.2018,JEP) .

14.2.1 Zh75 IS-LM-PC #%l: =J)#2 NK

HrolE 3 3L (NK) B AR DEEA T APk oy =8 NKOBUR, 32 gy fidhe —
AR BA BRI, ARt bz T =R R —E B —H
AT AR (1) FRIEAETUELZR M eI, BN v Bk SEs P okt (2)
AV BEE TS, AR S ERI K (3) BURRIERZA GRS R B S WA TR
R (BORBORAEEMBORSE) SCHA-Fiak .

=i NK ARLR 5 Eh 7S AD-AS SRS R — A = R T R . S han i £
(DAS) HrLEUlr = SO A i 26 (NKPC) 38755, NKPC e iS5 77 H R AN e ik
AAE

NKPC: T = ﬂEtﬂ-l‘+1 + KXt + Uz (1415)

Hrp, SO, SRS BTSN TN, AR A B U
A, £ Mankiw (2019) FZMEHT A AR TR i FIFRIE MR TN . UM 20258 ol
L EARIASKE AR B R T Z TN CPERE SRR, TeWZE) . B, Ask—HIR
IR Emeero xe 2858 CIIRGHIBRT, 10 B A0 & SRR S IR o, XPASR KR A9 FUH A
;AR TR SR AR B BIPTAR A TEIRASHI A 5 E A AR R R BURE . ur FR AR IR
fhaguhdi, Blan, %7708 RLRRA. B SECLT S SR G A R Sl AR

A ERRIZ (DAD) Hshas IS 2 b B AL -

IS Mk x = Expp — a(iy — Eimgg) + & (14.16)
TETBORHN: i = drmy + duxs + €1y (14.17)

ZHAS IS 12ty BRI x, A ARAE TSIV Erxers ANGEIRIY] E,my AIFE
i BRAER. N (13.16) AIHL, W AMF P EASKRIIATT AR (Exa K, I IEA]
SRS (), RO BRI ZERI A2 SR Ak H D2 MBCE 2 I8k, Fir AT
FERT LA A2 52", BEm SO 2 o A RIATHUIASK @R R 2 LT, A, AL



14.2 DSGE #Z A&

MR e, X2 RN S ER 2w is H OARRA R 100 S8, sl T kg S
A, AREAIAEAI] £ o

— T, JATRBURYE (13.17) SKREGESRTEURFIE i), R RAT MR 4805t 1 18 AR~
R CPRAS SR B BOR A o R i ik T B0 4 B W 2 BUM LA H a2 H a4 AF ik
Hir, ScEaptdih, B4, SehBORATREZIE (ei), RISUTHEEFIZ o BUIN, WL hAS
IS #hek (13.16), HTITMEBUERILE, ZFFH~ sk IrTgES i/, it NKPC (13.15)
SRANHIEKCR I G T WX MEFiEE, RATTMEBURSLIL T BUMF TAEMR A Fhagmik
FIEPE & J HAr o

73— )7, BUF AT Dot e T sRETECR (g0, BIABUBOR , KT 2 ME TR

T, AR AT W BUECR N 6 TR AR S0 M4 5% B R M S HAL S AL . AEA]
H DSGE f B 347 22 M A pF SR e i i 2 i, FRATTRESC GRS 4. Hay, R158
MZE T =00 - BRI T P

B, SERMESREECNAT 8T, (ESUMS AR . i, AL, XFJ7%
Rt AP r e n, IRt Aur 2 HIMS T8 G 17, MEERIA RS %
HI5EAT o

Kydland and Prescott (1982) H] | —# 77 24 At A 1ir 704 i) DSGE R Bl 346 1l | —FP 255
ST o AATRTAE A T @R R . DeJong and Dave (2007) KXy PR A FEULHAC . 4R
KRARIRAd THAD DU B fil 31 B9 EE il Stata H A A ASRAESE O ME . ARKALLIRA TR0 DU i 11
(522 statal 7 jiUAS, e Tl A9 ARG AP A R BIARTE T 2 1] stata 17, TIIZRoR A H] stata 16) .

FATFIE, fE Lucas (1976). Sims (1980) (LA, MEFIR T A T SR IAR 50
SAAIAIEH . K, RESGSIRHIRE AN T S B S AR IR — L0 B i
], Kydland and Prescott (1991, SIE; 1996, JEP) B T AHERKE RN —Fh IG5 715
D YR, KEFTLAA A . fE Economitrica €I FiEH, Frisch (1933a) fi5Hi:

RERIEEE OFE&F ¥4 EEdIL s — it e B S4B €8T BENAEFR, I
B AR e ELAG S e A R S —Y B — SRS FHER SR BHE — TG
H BT RAH Ao BRI .

M H., Frisch (1933b) F HBMESE SRR HE T4 = HRSE, I RIS &5 5 B v
LR o FRATEO R IXFT B AR — L0, JCHE S TR . B2, 1B
Prescott (1986) 5Hi:

“Fr AR ELANESE 2 ERBRLA AR R — A S IR AR TG . R, “BATE e AR
WA, SitBERE AL T H, XIFEABERERINTA BN LS € &5
SR —HHNER.”

B, LS B E R 45 T A (DeJong and Dave, 2007). Kydland and Prescott (1996,
JEP) feif: “— BT, BMEIAE N TR B A/N, B REMit. "Hit, 72
#fE DSGE 25y iz, i HERIET AT : — 2 RKANE, 2R AEm R (4]
41, Cooley and Prescott (1995) 5fFH T Ghez and Becker (1975) HIfWIEHE SRR ESED -

WAV TT HoR AT B 24, IR AR AL T 24



14.2 DSGE #£#!

= J7HE NK A A IS Mgk SRR B i Zefn o h B NIZH % (Clarida, Gali,
and Gertler, 1999; Woodford, 2003; Gali, 2015):

WA IS Whk: x = Exp — (i — Eimtyn) + &4 (14.18)
A PC: = BE w1 + Kx; + Uy (14.19)
TRTMBRAN i = dars + duxs + €4y (14.20)

b, At x R, HAEDY ISR B A AR i R LRI,
FoREIKE . E FORBEE T JiRE (13.18) SREAF Gk 15 U ARG 7 Hi ik A0 18
MR IEASG, 544 XA GEK . #E DSGE i, A =R RFRiR: 1 FoRid 2, tFRRs
B, ] AR, A=A EHARE, RS R g £ DR ERY & RS
EBEER, AMERY Ml N2 2a e i ¢ SEE — MRS e, bR )E . AR
ARGPE T+l PIRPIRAS A b, BEMOGE T 5 c (AR A E. £ iy, =1
SMEMTEIERE (g un i)

8t = Pg8r-1t+e€g; (14.21)

Ue = putti—1 + € (14.22)

Hod, ug T AT DARRAR SO BOBCRFN SR B b o FRATTRT AR IR BTSR[] 2 A1 1k
SCEREY R, AN, 9T MO 2008 AE A ERE B E L, HEBUF S T 4 T ZRIEETHR], R4,
XTIV BB Y 2 A B UV A 22 JATHE S R R B 2 A 5 U 3Ly 2

FA'TH Jean-Christophe Poutineau,KarolinaSobczak and GauthierVermandel (2015) FJZ%%
SRAHE Lk =7 NK B 240, a5 13.1 fon e RJa HARTERY =57 #E NK 158K 58 5o
MT 2 A5 IR IR o

7 14.1: BRI SR

2 BE g
B 0.99 IR
a 1 REXT UG DR R 81 4

G 15 ZEWRLN R 0 AU R AL
éx 0.5 ZRBIPRILIN P 7 H R 1 BB R A

Pg 0.9 il ISICIVEES -/
Pu 0.9 BBl F R e
Pe 0.9 LB IR
K 0.13 IS T R S A ) AU R A

ZHOCRIR: Jean-Christophe Poutineau, Karolina Sobczak, Gauthier Ver-
mandel. The analytics of the New Keynesian 3-equation Model. 2015.
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14.2 DSGE #£#!

AR Stata [ dsge 14 HY solve BEUIA] AFERES B ERL, (B, BIhoATT 2 H
M SE, HE A MR TFSE B, A5 ZEEsem R E5 s, s E
TP FIREHER 25

* gk B AR

use https://www.stata-press.com/data/r17/rates2, replace

* 7 U 1A B Bt

tsset

* R B

describe

o iR

generate pi = 400*(1ln(gdpdef) - 1n(L.gdpdef))

x 4 piI AR

label variable pi "Inflation rate"

« Eah A%

rename r i

* 77 B DSGEM A

dsge (x = E(F.x) - {alpha}*(i - E(F.pi))+ g, unobserved) ///

(pi = {beta}*E(F.pi) + {kappal}*x+u) /17

(i = {phipi}*pi+{phix}*x+e) /17

(F.g = {rhog}*g, state) /17

(F.e = {rhoel}*e, state) /17

(F.u = {rhou}*u, state), ///

from(alpha=1 beta =0.99 phipi=1.5 phix=0.5 rhog=0.9 rhou=0.9 rhoe=0.9 kappa=0.13)
/17

solve noidencheck




14.2 DSGE #£#!

B, WEERRE, stata L FATHR I dsge ay sk IR, Hoay oA 2O -

* dsgel i 218 R

dsge (FE1) (FHE2)(...)

(1) DSGE BIHEZ /DI, BiEift dsge e S 2/ 05k, BT FEERE
/NMEGEEESR, B, A TS %k (x = E(FX) - {alpha}*(i - E(F.pi))+ g, unobserved). H. (2) T
WA EQ 3208, AR —WIH F. 320K, 0, ASKRASKR— AR~ 6k CIUHE N EFx). (3)
BAME A B 2 RFORE, ARSI SR, P, ROTELESIA IS fhzk
A 1T B B R RPN, RIFE 5 #2551 _E unobserved, (4) X FRASAR Rkid, BATHD
FERER R, RN IRT C A, ik, stata ir A2 IRESL a1,
B, WBESR i v, BIAMEAIE u,, (HAE stata Wi, FROTEHE B Fauo (5) FRATEE
FHPRASTTRE, B, WEESR )7 #2, (Fu = {rhou}*u, state), FKf]MH state KT B IX>T7
FERETTH

B, A TERE, RESEA from() EHORE], $ESHATARIERN S5, A
HNSEZ RIEZ .

%=, B M solve IETURME b sERAL, 1eAh, TR, FHATEXNSH
ARSI, AL H noidencheck JEIUR IS AR B

AT, DSGE BRLfR R T o FoATTRT AR FHIX MR G B 22 WBUR I U o« 18 F, R4
FH B 57 126 24 93 A IBUSRE FR 5 -

* ] & ok o o i

irf set rbcirf

* F 4 F A fiscal #y B o i3 e B bk B o
irf create fiscal

* @A irf graph® H £ W4 K & X I BOR R b 5 89 Biod e i B, 2 Blimpulse () ##
response () A Al | F o H A MR &, Fldm, MEEHK W Hu, WX Ex,pi,ifru

irf graph irf, irf(fiscal) impulse(u) response(x pi i u) byopts(yrescale)

PR kb e B2 B A 13,1 fros e B B B Al a0k, bl A e AR A b . F
BN MG TS R A BRI IR . [ 131 AR AT y BT
FORMBBR A 1 AR R, A BB b (AT R XA~ B B3R 7R O I BB AR
BERE 1%, W7 EN 2 AR BOR S S 1% B AR B, X3 Hisk
it BRI IN 1%, 7= Bk OIS RIR T 4% (i 130 4 FEFR) » BEIX4
R RFAREEFHRATEE, XA R RAETTERY . BURRIMEORBOT KB A1k
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14.2 DSGE #£#!

[T We? HSOXW R I AT BRSO BA T 1 W BORISUECSR 45t A8,
MIE 3.1 B2 EfAERIERI N T LIRS, BORIEn S, SR REs g riide, R
RIS R MRS, ] SRR (i, 53850, = R

R T IR FOR G RIEESN, ATARTLGER], syt BOn Bt S50 17 iR R _E7t+
(i 13.1 & _EEFrR) . gEm MG IRE A 5277 1 .

R T RIE A A R — IR 2 A1, FATTIE T ERe ) SR T 7% M B A2 e A T I
BOBSR bl S B S A ES 12 . N 13,1 £ N RS S M BBk iR (13.22) Wl LIEH,
WA BBCRRIROAE S — R & 1%, g2, WBORIRUE — M ImiPERet i, (5 b0
BOREA—ERIFFENE, R, ORI Rl o ) O HHE S J& ndt e, T LA 20 457 42
B R WMEORROERE, R EEIR . FHRARBHE ST

fiscal, u, i fiscal, u, pi
4 4
3.5 3.5
3 3
2.5 2.5
2 2
fiscal, u, u fiscal, u, x
1 2l
8- 2.5
3
o -3.5-1
4
L9 ‘ : ‘ : ‘ | | ‘ : ‘
0 2 4 8 8 0 2 4 8 8
Step
95% ClI Impulse-response function

Graphs by irfname, Impulse variable, and Response variable

K] 14.1: WFBOBUR Y 2 A BT R,

AL, EMAETFFAT SRR, fia, (1) S EEFEILPHEHN
S (58 "EOBEEE A AR T SECR B g% Lk, PEMHESD CPL Lk, XM, EA
FARAITRIREEIIOGTE IR, IXU RGBT T B RO I A S b AR BT RERE R, (B MR AL
B ¢ = 1.5 ETHE] ¢ = 25 (2) TAERLERR, LUHERKEKE, XIMRATRIREN 2
SEIRSRTE =, IR, BE B R A SO R BCE R, (B MR ¢ = 0.5 £
THE ¢ = 0.80 NEIFANTH stata SKFEFA[E GLTEAMLUE T, BB X H R .




14.2 DSGE #£#!

* WS Bk F N T

matrix b2 =

e(b)

* RSB %

matlist e(b)

v R ENEFEE, BUFBl, FEARBIT) S E mxE LR EWEZFE R
*(ﬂ)ﬁ% KAk AT, A%%ﬁTEéim%& B, E, T BRE
HRON ZBE A, B, M1.538 K 3|2;

matrix b2[1,4] = 2

* I #8 5 BOKRZTdsge

dsge (x = E(F.x) - {alpha}*(i - E(F.pi))+ g, unobserved) ///
(pi = {beta}*E(F.pi) + {kappal}*x+u) /17

(i = {phipi}*pi+{phix}*x+e) /17

(F.g = {rhogl}*g, state) /17

(F.e = {rhoe}*e, state) ///

(F.u = {rhoul}*u, state), ///

from(b2) ///

solve noidencheck

B 2 3 2 B By Bk v 5 ], @4 A fiscal3

irf create fiscal3

x (Z) B4, ELFHKAER, ARBATEHSEmAFASY, Hik,
ey RN ZKE K, Flam, Ko.53 KX Z2|0.8;

matrix b2[1,5] = 0.8

*m%%%ﬁ%@ 1Tdsge

dsge (x =

E(F.x) - {alpha}*(i - E(F.pi))+ g, unobserved) ///

(pi = {beta}*E(F.pi) + {kappal}*x+u) /17

228
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14.2 DSGE #£#!

(i

(F.g
(F.e
(F.u

1

{phipi}*pi+{phix}*x+e) /17
= {rhogl}*g, state) ///
= {rhoe}*e, state) ///
= {rhoul}*u, state), ///

from(b2) ///

solve noidencheck

* G FEH S B Bk o BB, A4 A fiscald

irf create fiscal4d

*x B Hfiscals fiscal3fifiscaldlh ik g i A

irf ograph (fiscal u x irf) (fiscal3 u x irf)(fiscal4 u x irf),x1label(0(3)8)

yline(0)
ZEERANIE 13.2 Aros o
C}I =
O? =
ﬁl' -
L? -
| ] I
0 3 6
Step
fiscal: irf of u -> x
fiscal3: irf of u -> x
fiscal4: irf of u -> x
14.2: ANEEHESRHLH T, WBOBSE B KUY
FIARVER 3nk_simul.do AT LAEFRAY github =01 F %
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https://github.com/wenddymacro/Wenddy-XU

14.2 DSGE #Z A&

NHEIARE B IR, T stata (TR, FERTEER T
TN ERALBEPI A TR R - JEARACT AR . B, T2 W A s 2 1
5, BIRR AU ERIE; B=, NRFIIEGRLIUESS PR 1.

VLE R &

use https://www.stata-press.com/data/r17/rates2, replace

* 7 ] 7 B ot

tsset

* 1% BAE

describe

A s R 2D 13.2 e IR IRATATLAE HE, KK Y E GDP ~Fsifa%L
BB =77 FE NK Bl F A2 ik R, 3R E o2 IR AR B e e niam i3

Contains data from https://www.stata-press.com/data/rl7/rates2.dta

Observations: 281 Federal Reserve Economic Data - St. Louis Fed, 2017-02-10
Variables: 5 26 Apr 2020 21:22

Variable Storage Display Value
name type format label Variable label

datestr strle %-10s Observation date

daten int %td Numeric (daily) date

gdpdef float %9.0g GDP deflator GDPDEF

r float %9.0g9 Federal funds rate FEDFUNDS

dateq int %tq Quarterly date

Sorted by: dateq

14.3: DSGE 4tk

XA AR, AR A% TP IR R A 0 e LA 4000 RIET, FRATH pi ok
FOR IR

* T E K&

generate pi = 400*(1ln(gdpdef) - 1n(L.gdpdef))

x 4 pi i AR A

label variable pi "Inflation rate"

w7, BdREEs S N, FATHUN stata (AT dsge SRAbTT iR =7 R NK BRI
ZHT o FANEIA BT EARE ZAL T, 8% DSGE MRS B R 2, WRA TR
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14.3 223136 L4 4] 1: Sims, Wu and Zhang(2021, REStat) +F4& 3 % L5 F 2R 30

AIZE RA R PERRZHORGEIR R, 1 H RS B A B & L, 5495
HDRGERE R OIRR , FASAERIA B R, R, X8 %%@M] PR A
HEUE, MABEAT AT 7 WS -

* RERE S K

constraint 1 _b[betal=0.99
constraint 2 _b[alpha]l=1
constraint 3 _b[kappa]=0.13
constraint 4 _b[phipi]=1.5
constraint 5 _b[phix]=0.5

* A (ML) 3% 5k & 1TDSGEH A

dsge (x = E(F.x) - {alpha}*(i - E(F.pi))+ g, unobserved) ///

(pi = {beta}*E(F.pi) + {kappal}*x+u) ///

(i = {phipi}*pi+{phix}*x+e) /17
(F.g = {rhog}*g, state) /77

(F.e = {rhoe}*e, state) /17

(F.u = {rhou}*u, state), ///

from(rhog=0.9 rhou=0.9 rhoe=0.9) constraint(l 2 3 4 5)

MBS SRS, ST LRI 3R ki i B S g TR AT T
DU fdr 1. TBA
14.2.2 Zh7 IS-LM-PC-FF #% . U J5 2 7 W 4 g 7

VU7 RE 2 e T 2 R B IS ey BIASAERRE T2 b XU 7 R A g T
SFAMILH A -

jJ IS Mk x = Epvp — (ri — Eymeg1 — 81) (14.23)
A PC: my = BE w41 + kX, (14.24)
SRS = xi+ e (14.25)

PEHECRFN] = iy = pitr—1 + (1 — pi) (a7t + Prxs) + €t (14.26)




14.3 Z 3 X F 4] 1: Sims, Wu and Zhang(2021, REStat) #F4& 3§ #9% T BUR 28

14.3 28 E#] 1: Sims, Wu and Zhang(2021, REStat) {14
JEHE LS T BOR R,

2008 fFEAFRERAENLE ., fEH @R ZEZMATTF AR W =77 NK B 24008 Kid
GBI AN 2R AT SBOE . K EHAES S TR M e hBeE. B
BRI T T RS i, O < BLER B DSGE AU F Mk RE B o A < i b 22
METFH N T T MO T st T AR R TR, 2R B R IA L TR A JeA TR
TR T 2B AR MECR (Walsh, 2017). BLE, £EREELTHARL-TAREMZE A IR
MOTTHBOR, Fla, JATEERTE RS EBUN s acE A —— a5 (QE) .
Har, A KRR SCEE DSGE Fii2 QE AR, (e.g. Gertler and Karadi 2011, 2013; Carlstrom,
Fuerst and Paustian 2017; Sims and Wu 2021 25), iX28pF5% ©20ER] 7 DSGE X T @ ot dE s
BT TMECRAER A, 1 HARRE] TR EEN A S N T2 ER R, RATiE
PR L AETIR] B AR EME STV 7ok Ad ] Stata 475 . TFIET, FRATT
Z—"T Sims, Wu and Zhang (2021, REStats) {J QE VY J;#2 NK #541, SWZ #52 Z2H] QE-DSGE
T 5 EIRPRAR = 7R NK BRI GIFAE—ife , H@deattir . MIAHCHHIE . For
Yyt LS RATH A BEAABUR o AATTRYBNAS IS HiZef] NKPC 5 bk 48t = J5 75 NK RIS
Bho ZRAET, FHErpii AT QE BEHIINAE IS #hdeH, Wt BIAE PC . XFiES b
SCHI Y T R 2 0 4 BT R — A o R 43 D9 7 7 7 00 < RS 2l Py A P A B — L4 o
iy, Gl DL R MR 5 T0 XU R 3 2 RIS A ZE ok 08, #ilTT, Smets and Wouters(2007,
AER).

SWZ Y77 #E NK HRI S5 -

Z:jJ?S IS Eﬁﬂﬁi Xt = Expp1 — V(”ts —Eimiy - ”,f) - V[bl(thezH - qet) +b2(E0141 — 0,)] (14.27)

WA PC: m, = BEmy1 — u(bige; + b)) + kx; (14.28)
BN = 1) = prr)_ + (1= pr) (Pamte + Puxe) + €7 (14.29)
QE 5K : ge; = pgqe—1 +eq; (14.30)
kR ] = o] ey (14.31)
Tahtibidi: 6, = pabi-1 + eq, (14.32)
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% 14.2: BISHEE

25 BHEE iR

v 0.67 77 R F R GUR R R

P! 0.33 HFHTHER AN

b 0.30 QE A E

by 0.70 [EDEHIALE

oF 0.8 B SRR 19 | 1A 2R
00 0.8 ik U S ERES A

De 0.8 PR T RS
Pq 0.8 QE phifi i fraidt

K 0.214 TE R H B A SRR R B
u 0.042  EJRXMFELIA QE RIBURREL
b 1.5 GAIESS Pl SIS R EN

b 0 X7 H R I BUR AL

ZHRJR: Sims, Wu and Zhang (2021): The Four Equation New
Keynesian Model. Review of Economics and Statistics, forthcoming.

stata (5 :

* swz_4nk.do written by ¥F X 3L, 2021-10
* SWZ(2021)

dsge (x = E(F.x)-{nu}*(rs-E(F.pi)-rf)-{lab}*({b1}*(E(F.qge)-qe)+{b2}* (E(F.thet) -
thet)) ,unobserved) ///

(pi={beta}*E(F.pi) -{mu}* ({b1}*qe+{b2}*thet)+{kappalt*x) ///

(F.rs={rhor}*rs+(1-{rhor}) * ({phipi}*F.pi+{phix}*F.x) ,state) ///

(F.qe={rhog}*qe,state) ///

(F.rf={rhof}*rf,state) ///

(F.thet={rhot}*thet,state), ///

from(nu=0.67 1lab=0.33 b1=0.3 b2=0.7 rhof=0.8 rhot=0.8 rhor=0.8 rhoq=0.8 kappa
=0.214 mu=0.042 phipi=1.5 phix=0) solve noidencheck

* ] & ok o o i

irf set rbcirf

* Fo 4 7 fiscal iy ko v i3 n B b3k B o
irf create swz_4nk

« Fl4Airf graph i E % & A E A A £ O HA A E, % FinpulseO
response ) A Al H F o H A LR &, Hln, WA BORH Frs, WA K Ex,pi,qefirs

irf graph irf, irf(swz_4nk) impulse(rs) response(x pi ge rs) byopts(yrescale)
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* W4 F K swz_qe Wy fik v B 3 An 2| b 3R P o
irf create swz_qge

* 4 Airt graph@ {204 AR B X BORCR o 5 89 ok o BB, 265 impulse ()
response O 4 Al H F A /v X &, Blim, QERK W Fqe, "W R Ex,pi,qefirs

irf graph irf, irf(swz_qe) impulse(qe) response(ge x pi rs) byopts(yrescale)

swz_ge, ge, pi swz_ge, ge, ge
002 14
.001 87
0 67
-001 1 47
-002 27
swz_ge, ge, Is swz_ge, ge, X
004
.06
003
.04
.0021
.02
.001
0 0-
T T T T T T T T T T
0 2 4 6 8 0 2 4 6 8
Step
95% Cl — Impulse-response function

Graphs by iffname, Impulse variable, and Response variable

14.4: QE BURM ZZ M AR

14.4 Z#33 5 # 2: Benigno and Fornaro(2018, RES) HjL &L
B SO KR

BRIV, ZMATHOIEH I T — S st RS NAR KRG, w2 zu
25t BRI S B IR B R I TR SO SRR T 2558l XA R
T B BRI I ZG T T HE SR o IR AT HE SRR 38 AT TR " IS T S8 AL
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PIUEUT B SO AT (& RO R JERIRE TS IOT RS i g iR A fe

BOR TR :

8t Tty

-1
ﬂElyt_'_l (1 +l.t) (%)¢

;%%*ﬁ*% : Yt =

A PC: 1y = BE 4y + Kyy

Yt

t+1

i%&ﬁﬁt&u=ﬂ&[ (tLon +1)

N -1
m%aﬁﬁﬁ:¢u:w+&j

PEBORFIN = iy = pii—1 + (1 = pi) (Pr7ts + Prxs) + €t
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ARPFREEST Don Fullerton and Chi L. Ta(2017,NBER):"Public Finance in a Nutshell: A Cobb

Douglas Teaching Tool for General Equilibrium Tax Incidence and Excess Burden",

151 &8

FELTFAAR B, EMAERG A AN R A5 AR R B T — A s A g
FE— T AR LIS, IR SR A &5 I, e W BEAZ M. £
FHIRRE, BIRRR A T — R BEIBRNZ, REE RS GEEATE AR i, 4
R AENTE TR T —— A, 28 TR IR, ]
HE— R (CGE) RN T BT I T

B, WEATH AN H]— RIS S RIARRE . i, 5 g 1 3 4 70 A1 2
AEEH XS HE TN AR —— AR B TR RS s r . A
NATRES e, UJLHERY B0 3 At T AR SRS 8 O i vr (RS, et Fl BRS04
51 JURE SR R SCE T, A SR AT LA SR AN BRG] i) o (B2, b2
AEPENE, FERLEEL T, RIS B B s RN T RE S R RS I A S5 SR —
B, HEEMER.

AYF R R — R T R4 (CGE) BB, b 2Im LT THad e
Excel KM ELR . AYFHHE+IF DSGE —#f, FARN 7 H R TS, 2N
THEEZR AR, TR AT A 2 AT

15.2 #if% CGE: McLure and Thirsk(1975) %1

AV R B A RE 2 BRI AR BT [EIl, AR AR 77 s B . X
Mg AR FE S TBA d s 5o O TS ol i3 B Ay 52 2 U175, Harberger(1962) #yi
T AEAATAL, ol A R X, AR 5 R A Yo iz
MM EE: SUARNID 5. B EEZR ML, seamil, MR LM EEEm
Yifist. M= B A R EC
X = F(Ky, Ly)

SEATTF T EBEWE RN 0, (AR BYHT X ol A& sl R,
Harberger APV AR BN 1, HXFHEA K AEH

McLure and Thirsk(1975) BRI {E ] 1 CD A= B 2R TR SR — P B ]
(o AR 1S Aol SHbEAT) RIS AR A H . WA LU FIrsE



15.2 #.fa CGE: McLure and Thirsk(1975) 4 &

PRI (75 BT AFNARI S RTBN) B AR BN, CD A=~ R A
X =AK?L™, X =BK{L,” (15.1)
Hep A, B IMHFOR PN ERI TIAER A5, 280 @ = 0.6, = 0.2 Z35IZm P~ 15
NG ite K AT L IR PRI ZR BN
T BRAVBERMAEE, FilL, FEBAME IS IR B LTI BRY
R

Ki+Ky=K, Ly+L,=L (15.2)
TR FER U RN
U=Xx"Yy" (15.3)
Hrh, 25y =05, FRENTELER N
P X+PyY=1I (15.4)

Hrpr, Po, Py 308770 X, Y BTG, 10 T FORZERIION o ZEAETIERLY AR NI b XY
SRR RAL . T2 b O 75 >R R R

(15.5)

WRFIC T, KR BRI PR E B H R E BRI N
TERER 7 — M rh, FRATER B —Fh s AN RS AN, TR B = i i
R o AHZ McLure and Thirsk(1975) (3% 45 SN [ & 4l E Mg K, BT =1,
I, S i XAERE, B84, XIS Px == BT, S8)E, PIs =i srsca = 2Bk,
Y [ Py 2 T, DLET RN I = PxX + PyY (R A28 . FEMATRORRIR, [ = 2400,
I, FRATAT LA BAS BN i XY FIE 28 S H A :
PxX =vyI =0.5x%x2400 = 1200 (15.6)

P,y = (1 —y)I = (1-0.5) x 2400 = 1200 (15.7)

N ROTRE B Z IR E LR 2500, R REINSIR T AR A

57 SN FIBOR I EAL SA (BN a5, HABIRBUR S 2N BB L HEE) « A,
FEEMIN R

I=RK+WL+T (15.8)

Hrp, RFIRTIARIZE, W RRTHRE, T HRRBUFH (A -

BUMR =i X AERL, ATPAFRR N (1 — 1) Po X, 1 RONIERETE S i X —Fp i 4Bt o
[, SRR AT X TSR, (1 — o) ReKy o H B BIEUR AT LA (DL 2
H5i o

M HERNE R K, L R KACHAFNE . 2R 4= R LRI MG RIEE R TR K
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A (1-1)P:X PY
(1 -1 )R, = Q’—Kxx - Ry = ,B?y (15.9)
| - 1) P X PY
W, = (1 —a)&,wy - (1-p=2= (15.10)
L L,

XA, FRATHERT LRI Bl (R it B A S8 ALY, 7o AARIRATT AR
I AR, AT LA E 7 = 0, HEEURF .

FERIIGEET . Fr A R BT BN 0. McLure and Thirsk(1975) J] 1 ALK GE A Fb
PR R AR — BRI, A4, RIS Py = P) = P) = P) =1, LA 0"FAHIIAY
HRIRES . HBCABM A2, iR (6)« (7) Frw, MR S SCHV AN PxX = PyY = 1200,
PRI, PR SR EA ARl X0 = Y0 = 1200, HR4E (9) I (10) mILATEASE,

RK? = aPYX° = 0.6 x 1200 = 720 (15.11)
070 _ 0y0 _ —
WOLY = (1 - a)P2X = 0.4 x 1200 = 480 (15.12)
R)KY = BP)Y° = 0.2 x 1200 = 240 (15.13)
070 _ 0y0 _ —
WYL) = (1= B)PJY° = 0.8 x 1200 = 960 (15.14)

FERY = W) =1 50T, JXLE77 R ] AT EAS S SE R WA R . gk 1 FiR -

7 15.1: HIiaA A E
L)=480 L)=960 L =1440
K%=72 K%=240 K =960

X%=1200 Y°=1200 1 =2400

AR, AT CD P B LIRS, IR P, R B
QAN 1440, S VEARBIRRALIN 960.
15.3 BBOR I — B30y, : CGE M H

B (9) 1 (10) ATLARSKRAFTBORAY — R B

15.3.1 IS8

AT LA IS BB, Blan, BB 7o = 0, MBEAIEH t, AR 25 E B
o MW, A (9) ZH/HM:
(1 + 7 )R Ky + RyKy = a(1 = 1) P, X + BP,Y = (ay + (1 = y))I (15.15)
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Waseesif iy, Re=Ry =R, HARHSY, SARATHHET Ko+ Ky = Ko A2, (15) K
A AR5

RK = con — 7 ,RK, (15.16)

Hrr, con = (ay + Bl =y TR NFE X EMAG MOV TS BUE] 22 L H PR T
WeN, T HASEHEEE A At xRK o HUBE R TE A BT S B0 2 19 A8 A0 Bty SR B 70 58 4 /5 AR Bl
BHEAMT . [HH, KL (10) ZHfH:

WiLe+W,Ly = (1-a)P,X + (1= B)P,Y = ((1 —a)y+ (1= B)(1 = y)I (15.17)

WiEEaTediity, We=W, =W, HEWYHE:, WATHHE Ly+ Ly =L, 4, (17)
A LA
WL = cong (15.18)

Heb, conp = ((1-a)y+ (1 =B (1 —y)I £RNEE. B (18) KTLIEH . & xEaen
FRAAEAAT Ml B S 80 14
BT, AT T ISR B R TR . N, ROPRE A SRR
P72 S T A K 70 o
M PER) P it TR E (5) WIR1, PoX =yl PyY = (1 —y)I, Hgt@id, ZuEExwif™
AR AR BN — B Ee . TR (8) =, ZEERIIA N :
I = RK — 74 xRK, + WL + ¢ «RK, (15.19)

(19) XSS A DI —BONBMC AT, 58— IUNF7 3G, =00 BURFRE . i
HERTDL, GREERIMN I = RK + WL XHEWRE . FEMINTEAZ 3 B i,
R, Aol AR AN I XS B il O 755K

15.3.2 B hhBi/ B Em

N, FRAPRAT— TR X P AR — BB . R T = 0.30, 7%, = 00 JITH
RIIGSFAE#AAS . T (19) X, RS A SBNESR, Bk, 75 X B s HRh
P.X =yl =1200, (HRZ, MW, 1ol X SRR P X =360, 1 /ifE (9)
(10) X TARM R S BLRER SO, I,

R'K,=aP.X (1-1)=0.6x1200X% 0.70 = 504, R K,, = 240 (15.20)

WL =(1-a)P.X (1-1,)=0.4x%1200x0.70 = 336, W L, = 960 (15.21)

AT, SIS A R'K = 5044240 = 744, SAFUCR B BT A S AN
RK =960 AHLL N IR K 216, tugl 2 i, B FrG & &IE IR S BLE R 358 % 100% = 60%.
[FIEE, Al S A 25 BN 336+960=1296, SAEBLRTZY SN 1440 HLL FFE T 144,
TR EYE, 2Bl AR AT B FEy 15 X 100% = 40%.
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A AL A T o
R'K =744
K =960
_ 744
960
DAL T Bl i TR AN T T 82 x 100% = 22.5%
AL, X550 TR AL RE

R =0.775

W'l = 1296
L = 1440

» 1296
= 1220 = 0.90

DR T B T AN TR T =120 % 100% = 10%.

A2y Fot 8 SRR AR T A 5 1) £ 1 B A R ?
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b XA BREP AN 5 HIE R 0.6, Tl Y AGBEASN  EL A 0.2, R, X X AE
WO A 2 PR AR BT AN AR 5K, H OO T A Y B 7 B

N FRAPRE T RO TR G B A
504 240

Kx = m = 65032, Ky = m = 30968
» 336 + 960
L. =—=37333,L, = — =1066.67
T 09 Y09

FERD: AR AR LA E 960, J5 B AUAIE 1440, [RONEER TR e 2T RY . X7
af X AR 30% BB AR BEARI 7 S RT] X A2 01 Y, B2 B3R TRY 2K [EHRA
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L FAPRI AR R . R 1 AR ERCE , BT LT R 2
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XO
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B=————"-=1.64938
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R HER, 7T AR 2 ks

» 1200
Px = 7 = 117538
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L= 290 _ 0.87348
Y

22 BRI T T R R A AR AR R . WA ETAESE (3) B, B AR T = 0.30
FESEVIF, B HAN N E EHI R WAL 7 = 031,
% 15.2: AR F ) M

(1) A2 2) & X BG)r=0 Hr,=03 (57 =0.31
TR A BCE S s

P

K, ol X % 720 650.323 674.296
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R LN 1 0.775 0.7675
w TiR® 1 0.9 0.89667
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RE RS 0 360 372
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MEB el o WAGE 0.21271

15.3.3 fRAIZM

T BT TR S BRI PR S SRR BB L
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[ R

1
e\ () P
Y 1—y
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RIS AL

Y _ 1-y 1-
71) [(1 7)1] _ - (15.22)

V(Py, Py, 1) =|—
rorn = (5] |55

I=EP,U)=UxP (15.23)

1 HE 24 CGE Fifln] Y 2% “Introduction to Computable General Equilibrium Mod-
els’, Mary E. Burfisher011), k4 ELH I* B ALZF AHTF 21”0 2 R BUBATE R BB ACHR
£, HZW <CEGMEHEHAY.
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