HIEESH Gt Vol. 39, No.$8
20228 A Statistical Research Aug. 2022

A AR R B R R R I SO R 5T
—— 2 TORAT A S 0 G T A T

HEE 5 £

HNERE: &R HNERISTHHER 2 T LB HA L (permutation test) Jy A% AR (1 22 B
Krg e T RIXFTRATILA RAERT GE - HEWT IR SEMA A3 SRR A AT 75 22 N MB350 o3 0L R AR I
A, FRAEBRMFEMNE . A SO I AR AR 3R AR 1 2 RS B0 R P e 3 By, 3R T TS
I BOBCRBOR I AT L, DLAEA IR BB (M1 00 T St A g . B Fe R ], EbriEfb S e
BURSE: B, A RERTHTTURTHR 0205 SEO I T L, I/ M 25 B 43 of A s 245 SR P s i
SR RIB LTRSS T4 e M fa it ok, B TR AR 0 2 AR 360 77 AR L& R
R R, (R RENEM: &5, LUEEHAEACEAL, T LU F Bootstrapi i it %4>
I BRI EAS X 8], AT AE & Az diE 0 Ge vk HEWTHE L 5 4% e e v HEWT fR B — 38

EHEIR: AN RBAR: AiEE BEEXN

DOI: 10.19343/j.cnki.11-1302/c.2022.08.008

FESES: C81 XEAARIRED: A XEHRS: 1002-4565(2022)08-0115-14

Improved Placebo Test for Synthetic Control Method: Inference

with Quasi-standardized Transformation
Lian Yujun & Li Xin

Abstract: The inference of the synthetic control method mainly relies on the “placebo test”, which
is based on the permutation test. However, because of the poor fitting in the pre-intervention period
which results in ineffective inference, previous studies choose to subjectively delete the control units
with poor pre-intervention fitting. This article introduces a process of quasi-standardized transformation
to eliminate the noise component in the placebo test in order to improve the comparability of treatment
effects in the post-intervention period and to ensure that we can implement placebo tests without
subjectively deleting any units. We find that our method has several advantages: Firstly, it can
effectively improve the comparability of control units and treated units during the pre-intervention
period, reducing the influence of noise components on the test result. Our Monte Carlo simulation results
further proves the robustness of this conclusion. Secondly, itavoids the manual deletion of the poor
fitting control unitsso that the inference can be more objective. Finally, we can use the data, transformed
by the quasi-standardized processing, and the Bootstrap method to construct the confidence interval of

the treatment effects, thereby ensuring that our statistical inference framework for the synthetic control
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method can be consistent with traditional inference methods.

Key words: Synthetic Control Method; Placebo Test; Bootstrap; Confidence Interval

—. 5lF

G A% % (synthetic control method, SCM) HiAbadie5F (2010) #2H, #M A £+ HERN
BURVEAS STk i HALET A5 TH 77 (AtheyflImbens, 2017) o HIEABARZE, HEGIAHEAR N
PO (G RsEndl) it sRie i “feFESe” 458, i HBOR T 95 LA 5 G s s 4 ) 2=
F R E BV BRBOR «

RAE G AEHNERI S H 282, AR AINEARHIE S 1945 G2 40 v W 75 A8 18 7™ B8 1) D %
I, HAbadiedF (20100 $&HIZ ALK, STk EERAH LB #ATL (permutation test) A3 A M
TR 22 BRI R AT et HEWT . RsE A b AN ME AT 7“8k (FESE RRAD
BB B0 HAG T ) “BURACR " HAHE “ BRI (BEHLME D, TER XS SEER 20 Af i) “ B
TR W [F] ELHE 22ROV R “SEPRBURACR” otk “SEPrBURMIR” AA%E, T
SIS AL T CBORRR” Maz5 T AMEM T HE “BOESIR” FEREER.

B FRI, FIRIINVEAER A, —2 “BERTIMAT S o #aiEhd
RAETPURT (BORRAERD ERME, FETFIE (BORRAEE) MBEAREES T2 Mg
gy, NIRRT 2 “ER” g RRgs R (FermanfliPinto, 2017) o /& “IffFEGR A E” .
T RGP AT BRI R, SCER A 2R A Abadies (20100 BOMEE,  MH R A8 L AE - TG FI0 A 4 22 142 o)
SAME, E BT IR AR v B B SRR, PR B R SR A L

ASCHE T HEAR AL e 4 7 ik T DLk b ER RIBR, FEATHIBRAEA IS 0L AT G HEWT . A
ST IR /N AR B TR A AR R A 8B B BosD T BN AR,
PAfe mr skt 5 ml A vl te ik . BRI 5, A SCH B H05 508 Gapl, = 9, xGap,, » et
; =1/RMSPE]’.’” » Gap,, AR jAESE ¢ I s FBOR AR , RMSPE]’.”Eﬁ??ﬁﬁﬁﬁ‘ﬁﬁ?ﬂﬂﬁjjﬂﬁﬁi@l
Y T b TR AR e JF AN S A B b AL R B AL B R, R SORE Gap), K D E AR A0 B 6 28
(quasi-standardized treatment effects) , iF%Nqsd-TEs.

KT R, HERR AL B H e AT AR T T2 ) A AE T AT A HLA FEE, 2R T T
I SN A R 2 N5 3 - S e T S 1 & iy S 7 TN =5 i A N Y
A BERT IS T HEARAEAL 7 V2 1A 251

ARSI TR EEARIAE LR LA T . Ho—, ASCHE H I HEARHEAL TV e A7 R PR AR 22 B s
o AR TR H S KA R BN, R 7SI S R AT b, RS N 9 IR T
TRETIL A RAEERIREAS, DASE A AT 1 SCHR CanAbadie®s, 2010) #5347 75 1 32 Bk i (cherry-picking) ”
. T, ARSOR] DA T HEAR AL I 4 5 IS IR, A8 F Bootstrap i i) 18 U A8UR (1) ELAS X 4],
S RAEA A TG HEWT . A SRS 7% 5 Abadie?s (20100 FllAbadieds (2015) SCH A
MG E— “ TR E R AR _E AL AT, (R EH N YRR B N 4

OFHff 5% Part I {1 Abadie % (2010 ZSHIEF A, HE— B T BORMCRA AT LRI SRR . RRIIEATIR, W (ST o)
W SIAE . TR

@Abadie 5 (20100 H1] Gap,, & SEI A STBR AL E MRV it 5 P B AU BB S i 2. 22, F T8 R+ TS I TR BOR AR B
BRI MG MR KT Gap, 55 Gap), TA—RIHT, AR =4

®Abadie 5F (2010) i HFHUR 5T BAT I 7R 7 2 LAF R ZEFIR RIS i MRatio = MSPE]™ [MSPE[™ . i Abadie %%
(2015) FEFFHUG 5T AT 7 R MR L A ARG S 1 & RMRatio = RMSPE™ | RMSPE]"™
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THE M, TSR AN R0 S A R BT TS 20 s M B2 KR, e T TR TR ZE
Fabr 5 Z A It f B E R R, DURBCR R 7 2 R S BN TR, R, A
J5 AT AR A6t w3 SR P 4 3 1 3 T Bootstrap R4 id B {5 X 7] (17735 (ARudholm®, 2022) f4&
1E: & AR S 5 I BE A B R D e, TEAF A Bootstrap il FF (1 5 2614

Ja AR ZHAIN R . 55 8 N SCHRERR s 58 =8 A bR AL 2 BRI IR A (1 55 s B DY
Y R AL A AT S SRR N EE X MG RfEag43C.

= x#sER

TEBUR PR A, 200 18 3 S0 20 v R — AN BUD B LA SEEG 0 R EITE T, i X 72 7332
(DID) FAWT filE)H (RDD) SEAGEG AN FRIE A, 114 B fE N B AR S . SR, EA R
GittHERT 20 o — AN T . LLAbadies (2010) AARZER I — R 51 SCHR Y K 22 R 0K 56 3047 4t
THHEWT . R T B A R ARTE T AT A RAE S BUIW IR, Abadiess (20100 HEIHIBRIX L% 4%
fkEA . BAid FER LN (California, fFRCA)  (SEIGZH) 78T FRATI B A B TIN5 5 1% 2 Ty )
Wik, 1doN MSPE,.,, B2 —MNIEAMEECE (BUERN20, 10, 5, 2%5) , Ffshldlzs j AN M s
TR ZE R MSPE, > kX MSPE ., , WIVCNHMEZF LR, J67 UIMIER. S5 T B2 ilmat 22
Ja IR AR REARRATGoiH-HERT . BAR,  k BIBUEXS GoiH HEWT 25 B Sem s, (B Ok UK IS 2095
T, HFRAEVUMERIEE - MEL L E, DESEREE, XK SEBBSESA REWME. FHI,
b HBEARWIFEAC, ST REAREN T 100, Bl S5 25 p (AR5 4518 A0 Bop
JE LY.

XU, A SR 3 BN A B AT O0dE . — 3050 2 s R A Gt B TR, DR
m RS G B R AR HE PR IS T R I 5 — 5000 5 W IE I A& T BOR RSk THE Y 4 A T
FORMIGEEF X, BEVABME S KFEARG THERTHELL T .

T Abadieds (20100 EMIBRILA RAEREAR LT EW, Hollingsworthf1Wing (2020) f# 4L
e 754 v A B i AR e A ST 2H RT 2 i 4 2 (A1 3504 B2 (1) CohenD $a 85, KM & 22 RS 58 - T AT 11
AR, FEIETRIIENNG Cohen'D > 0.25 B5E NG KA. Abadiefs (2015) NWERHTHiE 5T
TRAT BN AR R ZE 2 W, ARG TR, WIS LI A KT Gt W . A E B TE
T, BTG RE (BERTZ) , WTHENSERSRE, KR EER I E DER R
FE E BRI R o %7 R AL 2 T TR M BRI A RAEFEA, (ARRAET R e Sk By, 222
AN B R 52 o

ey B SR R AN THE Y BAE X R R 2 B AT R R . Li (20200 38 6 T TR
AHEAT U3hAE (subsampling) , #ETT{# F Bootstrap 3/ #5124 b B R0S (M gk 70 A, ARG BAS X
[)o AEZ, ZEZRT- AT IR s B B K, [IE S 51 R m4ep E 0, SFECPIIAERK
A ¢ AT E IEAS i X, ChernozhukovZ: (2020) i fi FIKHT2C XA 1% (K-fold cross-
fitted) TLMEIE, LUERI ¢ 20 A ki EAS X ). L3R A5 3008 FH Tl 1 24 Ak B 0080 F) B 15
X TH], A 53 SOk A G I BRI BAE X H], WKim4F (20200 FRudholm% (2022) 43

OTERE 3 Part T, ASCHALT Abadie 25 (2015) KTFHEG—MZEF . £TFE A2 (b) H, RECEFIGIEINNPIEG— BE R
T UHERI A GDP KT, ERAL p EH=1/5, KTHEGEEZEMNAKT, 00.10. 0.05 f1 0.01, ANFHFAGLEDENBERSCR, ki 5%
PEHI TR 5 o
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AAEA 7 UL TR AR Bootstrap 7%, M FirpoflPossebom (2018) TR HE 76 36 45 SR 51 A b33
N7

AT R BEAE RGeS AR B, A SCHaE i [ e 4 i 2 TR B 4UL S AR
TE— B AR AR E MM BRI ) R . BEAW i, & A v T IR 40L& ) 3 B TR A
BRI E A VG BRI o X T A7, A8 A PR A 5 R AN m W I B JFE X 25 SR AR & (1) St Jo PR
Wi 5 ] B T BT PUAT 0 G R Aok 5 i 2 Bk AR e AR RS (1) & s Jy ARk TF 7325, e Tt A% &
PN THUATHI SRR (Abadie®, 2015) . SRATH AN (demean) ¥ FR PR A o A Al AL
(RN RN (FermanlPinto, 2021) A 437 a3 i Ak 22 K AS TE i R 28 £ S o 2 - 50K 400
HRAERB (Chen, 20200 o AT, 4FTAT S5 R EIEB A BE T8, Ay LR ) 22 15
G R 77 XA B R AR E B &R, (81545 AR & Oy R8T AR 2 I VA, Had
FERBLF W B/ 31k (2SLS)  (Powell, 2018) o MAF{EARMIERZR, AT LCRA 384y
M (PCA) PRI (Agarwal%s, 20200 o YR TR EAG AL ERHER, 7FZE/ARELG T+
FINAE TRz ) n U AR & (1) JEZ P T 2N S B Al 22 i) @ (interpolation bias)  (Abadie%%,
2010; Kellogg®, 2020; AbadiefIL’Hour, 2021) o fn53E— 35 BOMABCEE G T3 R r 1) 28 e 545
W, T B R RS A s #7: (nonparametric synthetic control method, non-SCM) KA E AR AL
= (Cerulli, 2019) Vo XFJ5#, FEIINENILEM BRI, LassoBil& 815D , LAARLYFSLK
ZHL AT LABS B4 4L AL A ASh, ANTTT B2 THT AT (K A A 721 . DoudchenkoMiImbens (2016) i
A8 F SE AR Dy B bR BRI AR ST I, AT e 9D o A B 1 R Cn e VAR Z RIS A D o T
AR, Lasso & B3z iliZ (synthetic control using lasso, SCUL) , PARFEF & RIHY fE
L (ridge-augmented synthetic control method) JIFA T E JEF R #] (Hollingsworth Al
Wing, 2020; Ben-Michael%s, 2021) .

Zi ERA, R ENE I TR B E RSO R B BEE RE I AE — € R BB DL i T SR AT 9L
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TEAGER TR E . M2, Abadiess (2015) SIAMTTGE 5 T AT T 5 i iR 2 2
B ST 2 — ol 7 BB T (AR B 3R AR R SR T AT O RMSPE A {8180V AR, % T 14
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2 B RIS 3 A A A
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(—) BRIEHE
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B YN ARSI, (EFBORSUR Gap!l™ AR IR W L. ST T A B S IR R T 5
AL Z W AbadiedF (20100 , SRAWFFE TR ZIE S5 R AR Y, S A a2

Y =6,+0,Z +ip, +¢& (3

Hrp, 5?’3%‘@%%1@, Z; A0, 73 53009 TR AN AN T R f e AR B R 1 B, 0, AN 2, RS B
WASHIRRE", e, AR B .
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/\me J+l o
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ost J+1 ost ost JHl ost ost JH+ x _ Post
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RTINS Jk . R LA B R - R L o T B e it . T8 e (= A+B+C) FoR T
T I B M 53

SWAETFHE (Ve T,) REBOHM, RBHEMR o, =) o, =0, #Fz, FH
HIBCR BCR Gap,, - UEL 5 W Y
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A B’ g

Horh, A BHICHIE US5A. BRICKHIE, =2 HATHRTHES R, e (= A+B+C) .

NTHER (4 EE ﬁ%ﬁﬁﬁ@ﬂ?mﬁ%%ﬁﬁﬂ%%m%ﬁﬂﬁﬂﬁﬁiwmww

% (2010) . FirpoMlPossenbom (2018) & LA R =AM 1

1. TR0 SR B s AR B, Bl =plr .

BRI R L, BT-TRAT. 5 0 35 A AR B 25 5, A B A 5E E 1 dg A A 2 Al o A T
THRT (K08 35 50 e — 0, B TEVERIE T U FME 3 TR 70 — 0, SR BRSO A THE A7
FERE A 5 R AMETI 1% (Abadie, 2021) .
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OFER (1D d1, AT SHSCHRERF 8, EREFRBEOHERT, FNF Gapl™ fl o, FmBORMSL.
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@ Bl (190 3% T 105 Rubin (1974) PR SRR et (1 JE48 1 (i 22 1K T S0 4L 5 Pl 2L 2 1 A 22 57«
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Zg@%jooﬁﬁ,wW%%&jﬁﬁE%%HEﬁ%ﬁww,ﬁ%ﬁ%%%—zg@%,
MAEESE o,

B3 FEARSE AN AN 52 BB T TR 22 AH ]

A SER 2H 2 0 TR E SR R B i, RISRIG A ORI R W] B m T, W& A
AR PR 5 ), SO T ISR R 1) 2 A1 e DA 2 B KRS HEAR SOV I X BRI R, SR
Y 5 Es I 2 AR BT H P (HahnfIShi, 2017; FirpoflPossebom, 2018) ©,

(Z) REFKRERANTE

A RSN B AT R A BB LA SR H M BURSUR, FEAREEE #IR/DN, XXF Rt
HEWTHE T HRAR . N T SRR BUR BRI R KT, Abadie®s (20100 FHAbadieds (2015) #£H T
HF/IEERZA T B EAEL:, A ERT 2 & RS HERES (Fisher, 1936; Imbens#IRubin,
2015) o I IEARR 7 Ao H AR 5256 4 AN AREE T AE R A Rz ] (Abadie®s, 20105 Abadie

’
— Post ( — Post — Post — Post

&, 2015) , HAFTTIUG & I s S50 240 SR AR Gap, Gap,; .,,Gap, ;. .,.Gap,; | » VALK

’
— Post — Post — Post — Post

L R BURRCR Gap, = Gapf,Tl)ﬂaGapj,wz:'"aGan,T) , Hr =23 J+1. 2R

— Post

VIRIRTIR T, S “ BRI 8 “48 p 7 1977 AT RE AN . MR THUS Gap, K
THEGap, » WANRZBER FIWEF 4 T LEBW, T, WA LB R —AMEA
e

(E2, ) TR MG R E, 61416 H 7155040 L PA R A B A (2 ) IR
214 (donor pool) , HTMME () A B TCVE A L S TR S AL AR A T TRAT LS ROR S 1X S8

— Post

PRI A B ) My AN, BUET TR TEHIAR) “ B BURECR (Gap, ) HERA
(IECSEBCHEACR (Gap, ) 2 AR AT HAES,

N T FRPIR— ] L, A SR A AR AL R B ) 7 AR R T TR e T T A O AR AR
P S0 2H A2 1 4T TR0 B4 AR, X LS R ARG I A% A ST O T ROMCE ), Txt
FABBAF AR FARAE T SR, DASHSZ I FRAR T 70 i M ol 20 5o S 38 1 7K ) L

(=) EfRE R E

A AEREF, Abadiess (20100 T ET P H iR ZE (RMSPE) kKffg (5)
i Gap, RBEFHEFE, Fomm T

RM%ﬂsz%QjJéiffszwwﬁ (6)

YENTF AT G REE S &, RMSPE! S KIRFEEHVEE 7 5 i T AT wZE IR 2= . A8 H
RMSPE]" 3 F-FURT £ I 1 IR e i 7y (Zii&iw) HHTHEST, MEEREIR I b BT P e 3 il 7 O 52

FE R L ETIR T, ASCE (4) X (5) [EI AT RMSPE!™ AETT, LMEASIET FilaT
RHNERESE, Flan, XSEiH mnErR AL T

(DFirpo Fll Possenbom (2018) # H U FHBSUREIE REL A HTVE, AT 2 B Rk 003 2 45 JE 35 &) 43 S OO ARRAE o

@B A A 1 A5 S 8 2 A AR AE DV 0 o 2 ) E AN AR AE B2 3R A TR S A I o0 ALl A R P PR 7EZS Y
B2 SRRF RS AT B 0 2 b T R R RN PR

OMIFHHTE AL (@) MTE AL (b) R T XMIHE.
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— Pre,S G 1Y — Pre

Ga =——1 __=¢p XGaq, 7
D RMSPEIPVE (2} Dy,

NIRRT

6\ Pre,S C/;a\p;re G/\ Pre ( 8 )

ap . =———=@. X0Gap .

i = rusppr = 07T

e S o 1 4 I ~ N2 2Ly

HAETET g, = € (0,1) %, MBI E T AR (AR 4 T-HiRi 3l

RMSPE]"
SR, o IR, RFETAREEUN: R2IFA. Bk, SRR, TR0 R
WM RS Gap, - SKIEREIEAG, T HAL AR 2 BT

N T B U B AEAREAC e S A E A, A SCfd HI FermanMPinto (2016, 2017) 3L “Fr
WAL 7 AR SR BT TR A 2R, 5 U T

l T Pre Pre,N 2 l T, — Pre 2

52 izt:l(yﬂ _Yj’ ) TQZ;:I(Gapjt )

fe=l= LZTD (YPre_YPre)2 :1_1ZTO (YPre_?Pre)z (9)
T, = s / T, &~ Jt J

Sortr, (Y0¥ ) B M IET AR, (Y0 - T B AE TR S L4
PAREIE. HTEL, R 05 SUMIE R #BAE 0T A SEEA S b e IR BRI, 25
R o1, WERFATHASRAS RIS {548 RIS, 17 R AT, Wm0 5 ™ .
FEWARZE, YT ATARGRZER, R AT {E (FermanfIPinto, 2016; FermanflIPinto,
2017) o Bk, BN R BT, SR R, oAl LI 2 1 T L
.
AR (8) i) Gap,  BR3K (9) 11 Gap,, » FTAHERRIEALEE I 1 R

1

1 0 re v/ Pre
7 2=y
—~ Pre,S

HF Gap, <Gap, » IR >R . DBL, 0P b v A o 20 T LA/ o A F LT 0 35
(Gap, > » BMEH RORAET BUR YR B o BOR AR A RO

M. RN A R
N T KB YERRIE AL B4 P, AT AbadieF (20100 SCef PR B DTN B 58 A0 347
KECAI T, TR SR R, AW A SO T IR R ol T 9B AL 5 e LR A3 A2

s - N 1
RMSPE™ >1, ARCEFMETIH TREX N =——vo e
~ RMSPE!"

R =1- QD)

—— Pre,S )2

1 <—rn
XFZt:I(Gapﬁ
0

OF G R FSEARAR (I, GDP KRS EE %) , RMSPE AT RENT 1, RGN ¢, >1, FETBUS B
RUYBOR . FuL, 7 bR AL e e, TR e B YRR AR RMSPED R BAFAENT 1 ISR, A, W& HE 7 ioE A
1
" RMSPE™
OFEUMM A, ETHEREM T RN ELS P ATREFAERRSIIER, KA AR R R E L. REREARLH

BRI R S Abadie 55 (2010) fE7E—LBARMZE R, (HXASC LI AN AETE SRR o

? s AEAA RMSPE]™ HIRR/MHZAET, RIEETTNT o, € (0,1) THMRAL.
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(=) REWSWRD

AARTSCRTIR, O T RO BT S RS 2 B IR 520, Abadieds (2010 JE R AH BT 7
A& R AR ) A AR PRAIESE ) 4 5 SR AT Ee itk . R (1) ~ (60 B TX—1d 14,
MAERTEE, 51 (7) WL T ASCHE ) AR AL e BT iR IS RCR

*x1 AR T AU A MR R REIERN R
MSPE"* R R?
(1 (2) (3) (4) (5) (6) 7
k>20 k>10 k>5 k>2

Alabama 7.345 0.904 0.904 0.904 0.904 0.904 0.987
Arkansas 6.311 0.929 0.929 0.929 0.929 0.929 0.989
California 4.153 0.968 0.968 0.968 0.968 0.968 0.992
Colorado 36.501 0.731 0.731 0.731 - - 0.993
Connecticut 27.216 -0.723 -0.723 —-0.723 - - 0.937
Delaware 101.00 -1.770 - - - - 0.973
Georgia 1.926 0.948 0.948 0.948 0.948 0.948 0.973
Idaho 7.352 0.950 0.950 0.950 0.950 0.950 0.993
Illinois 10.940 0.829 0.829 0.829 0.829 - 0.984
Indiana 40.640 0.674 0.674 0.674 - - 0.992
Iowa 15.954 0.798 0.798 0.798 0.798 - 0.987
Kansas 16.221 0.814 0.814 0.814 0.814 - 0.989
Kentucky 681.460 -0.299 - - - - 0.998
Louisiana 5.019 0.953 0.953 0.953 0.953 0.953 0.991
Maine 17.323 0.660 0.660 0.660 0.660 - 0.980
Minnesota 20.014 0.630 0.630 0.630 0.630 - 0.982
Mississippi 6.351 0.905 0.905 0.905 0.905 0.905 0.985
Missouri 4.445 0.883 0.883 0.883 0.883 0.883 0.974
Montana 5.551 0.959 0.959 0.959 0.959 0.959 0.993
Nebraska 5.934 0.869 0.869 0.869 0.869 0.869 0.978
Nevada 59.568 0.888 0.888 - - - 0.998
New Hampshire 3485.457 -1.963 - - - - 0.999
New Mexico 5.878 0.897 0.897 0.897 0.897 0.897 0.982
North Carolina 115.303 0.854 - - - - 0.999
North Dakota 20.815 0.864 0.864 0.864 - - 0.993
Ohio 12.921 0.251 0.251 0.251 0.251 - 0.942
Oklahoma 10.702 0.935 0.935 0.935 0.935 - 0.994
Pennsylvania 8.764 0.778 0.778 0.778 0.778 - 0.975
Rhode Island 162.627 -0.849 - - - - 0.989
South Carolina 3.184 0.960 0.960 0.960 0.960 0.960 0.987
South Dakota 9.949 0.872 0.872 0.872 0.872 - 0.987
Tennessee 7.065 0.914 0.914 0.914 0.914 0914 0.988
Texas 7.173 0.920 0.920 0.920 0.920 0.920 0.989
Utah 593.764 -14.211 - - - - 0.974
Vermont 89.153 0.622 - - - - 0.996
Virginia 35.102 0.657 0.657 0.657 - - 0.990
West Virginia 10.296 0.814 0.814 0.814 0.814 - 0.982
Wisconsin 8.747 0.699 0.699 0.699 0.699 - 0.966
Wyoming 114.169 0.630 0.997

FE: a. MSPE™ R TTRBTTRIBI IR, W (6), R* M RY 53 BINHERRHAL S R0 R rbs AL 8 7 2 He i, JREat (9)
A (10); bl TGk = MSPE, [MSPE, (j=2), Z%Abadie (20100, k MEUEN20. 10, 5F12; B (1) FEkR 2 RHR L
3OMNMAETFRRT A MSPE 1, 71| (2) ZEFF (1D LRAEHR R, 51 (3) ~ (6) Z&UUF () NG, KKMER k>20. k>10 . k>5
Rk >2 MEERAANERR, RAMMG R, 5 (7) SRR G AR R 10 S AR HEAL S T R ZE R 8 (RD.
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BARTME, & (1D 23T & INLET- TR0 BT 77 1% 22 MSPE™ , hf b B2 Seie 24—
g, e MSPE™ 4153, %] (2) BB THETR (9 HHEMAN R . XH (1) fiFz) (2) Ay
B, HRATIGAANME MSPE™ Bk, WIHT- TSR 2, B RP BN, XEWE, WA
WEAR L BE—8. 5] (3) ~ (6) FIRBL T I T AbadieZs (20100 45 HFIFREARE (IR K
TN MSPE 2045 105 SEERI2A% G (bl 4D B BIAREA R R ® . BAR, Tk hrdii™
¥, AR B I 4R S S0 AR T TR PSS R AR . B, 7R3 (6) R, Pl AN
(73 R? 590.922, CV&ARH BN 10.968. BRI S, HIRAbadieds (20100 X k 1H ¥ E FEAE
BT, B — A HE IR S RS (R AR AR B (4 ) 4R S 38 L AE T AT AU A R R
FTREAHIT . [IR, ) R® Fbr BB 0% AR 4 b 200 i 1~ T A oL & AR

W2, BeRIEANATAEMA AR IS FIESR] FRECRTE? MBI (7 Mg RRE, AR
FOAEbRHE L FE T DASE L B3R F AR, X BRI TR (100 HEIMNE. BAKRE, BHI4RTE
R:H0.984, HSZIGAH D BIR: (0.992) HEw T, FBIUERAELFE AT DURIE B 2R AAE T
AT SR B A b AN HI AR R KRG, FREE/E T AT & FE B AR 8 22 1M (i
Kentucky. New Hampshire. Utah%F), & HfEbriELER)E, HUKIERS .. X& BN
Poid FE v, ASCHIX LM BT T OAASIAES . BN RE . AbadieZs (20100 FTRH M B
VEFC S AT DA — oIN85« Bk =2 9B, L MSPET™ > 2MSPE™ IIMIBIR T IR E % ()
B, 77 A 42 ) ZE AN A U A R T A R R CORBE D o X SR — P AR b BRI 1 O/ VB IR AE V5, T
AR SCIRITEE BR TR A0 2 3 U S R L RE V. 48 TR M A AR R AL .

FNE NEMM R T FIRGEdr g R Kb, FE (. (b)), (D (&) ZJl%t N Abadies
(20100 SCHRIEA~7, TFE O WERIEABRAT AT A E BT 2 B AR A 3 3 Ja 1 Bd 22
Bl . AR, REMETEAHURFEAE BRI T, /32 5Abadie’s (20100 JLUTAH R R4 56 45

(D) REFFBENSH

PR I I A SRRV, (MO AT I IEAR SO VR AR P . 7R B A O R A, A
# % Flannery fllHankins (2013), L Chernozhukovas (2020), KH “&IMC” k. 1Z 7 iEREW i
R BR P b AR B AT WA AR FRIRRAE s (AR JliA SC 5 B2 B P AT 9 (19 S e S 2 PRI B AL, L%
FPA IIEIE . AT RBEEE . SRS MMC IR, “EIMC” ATk LTINS IR
REEFNENE, FTWEIEZ PR S . AL FAESMCHT AT TR, HEwHtRkRA
SRR AR .

1 FRURT (4 P 55 13 o

B3 (5 AL, RS AR s B EERA SB A A%E, (HA7 LU0 40 S5 4 i 52 20 i BE AL
MHAE, o SET AT BN PCARNE . X2 S EOH 45 6l AR AE T TR A R
AbadieZF (2010) #7368 R F MR 32 B E R o AR SO an 7 2k i A0 £ ok 2 i ix Fi i o
B, AR ARSI ES MBI R Y, ~ N(0,1) s HIK, ABISEAT BN ES i
BENLEY,, ~ N(0.2°) Flvy, ~ N(0,5%) 5 BUR, ¥ vy, UIEIN ) 2B M0 5% A, iiiBapLA
V,, AV, JUI23 Sl I 21 s S 20 R S B e SRV B i, DUR B LY I 22 7. BT AR SCHE
P AR BAMNE I T TR, i Abadieds (2010) FOALFREEE, I 7520 4 58 £ 4 )

Ok (6) A, TR 77 AR 5% 2 RO TR 5 7 58 22 195 3 of S B 2 T i g o R/ NI AR 2 — 35U . A T 55 Abadie % (2010) 3CH
ST, AR SCIAR SR B TR IS U5 R ZE AT 2B .
@F1HH (2) . 3. (5 . (6) MERYS Abadie 25 (2010) ST IR 4~7 rhfdi 0 7 e bRt & —F i .
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50F : 50F
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30} ! 301

201 5 20

MR EBORSUE (Gap)

Bl ZERRETRERER
e B () BREGHCEAIER, XN T AbadieF (20100 P4, (b)) ~ (&) &TE (a) MEERL L, RKMIBRIG A% k> 20 .
k>10 « k>5 Fl k>2 EHAMEEER, (O FoRMEFRMEERE I 2RI 1. B P 2 R RS RIE SR AR A (19894)
B AR T BOR R, B Gap, =0 « BASTZRACEINMN, KSR ARRILADM .

AR BEWE L T SCER B AT EEPEZER . T R A ST TERR TEAL AR PR, AN 75 ZE M BR AT AT R AT,
IR U 8 8 7 B PR A A 23 BC A/ A L R ]

FLR2E AT R SE T BRI BN, Hodr, 7B (a) ~ (o) &XHAbadiess (20100 35|
NS 5 e G2 BRI A R ORMIBRAEATREAD . XL B (o) Al Ca) WA, BB W& BT
WK, T IRUAT BOHE R ) I EE,  FUm 22 JR T ke 6 4 R v 1) < R U0 SR AR T 0, 5 A R 2
IRFEIFEE R, SFECEAIRIR A R AN 5 ERE ST RE X LR TE (D ~ (D, BAl&HE
T AR HEAL L 3 5 AR AT A IR 2 ) . AR, T IUAT R AR KR my, PR s ge 20
AN 1) 2 15/ I 30 A 2 MR AR A T A 2 AT EE IR TR SR . S, 5B (o) Al () HI4E
5B () ML, R THEAR AL o0t e 5 B3 10 5 07 22 R AR, AR IF ARk

2B EAETHEZ -

HR¥E Abadieds (20100 WIHN, FRACHCE R MR H BN A R (Z,) S3EH 4 min
AR B Z, 2 (8] PR PR B TSR IMAS 1K) o A5 30 4 Tl A% A A 1 B O i 6 SR 2 B B A A THE
P, IX S B AL AT I B S KRR — AN SRIR . O 7 SR UE RS TR A B 48t e 713 6 X A
2, AR AR B AR, DIBEA R ER R, BAARBEA: ER
1A% HIRMIES A BENE Y, ~ N (0,22) Flv, ~ N(0,5%) . e 14 Bz EI d— A Fi e
&, WXTEABRN Clnincome ), 1638 HBT AW NS & Inincome, A1 Inincome, , 311 73 5]
FHIX NS BB AR Inincome » REAT A A HVE A TN 22 BERIAR 367

K3 7RSS R . HERE T, BB B AN m, 7’ (@ ~

OBBBEEPILEE 7 ABIAE, XEAURR T3 TR BB R Hras R A A BIAS kAT 7o, Jahkik
KRR AR .
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T 4GSR, (AT . (o) A (o) S g2 2P A3 25 AR B et 0 S 3R Il 22 2 RVbofl 22 9 S IR i 5 8o MRLEITT S (D
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(b) AT (o) Xof R HERRAEAL LIS IR 22 A IR A R IR ) M R AR S MIE R AR ] (198948
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VE: B ) .
A5, AR NEUES T .
SR (@)« (b (o) S RIREAT HERHE A5 4 f5 Y 2 BRI 56 25 T
BURME, B Gap, =0 . BESTLEREMMN,

E3 WMEMGITOHRERL

IR IEAR AN

(b) M (o) EARGHERHENFE I AN IELE T . b () RIMER BRI, X5 Abadie (2010) &
(b) I (o) RXTHAIBNS SIG bR AE 22 2 bR AE 22 S 45 3. ML S, (D (e M (D 4
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(o) HITTATILG KA S A B 5E, Frilfg 2Bk . Mems, FE ) ~ (e
& T B AT HEARE AL 3 5 (R S5 5, LT T AT Ik AN 3 20 A7 A0 K /)M 22 B 5 350 ) M o 1 TIAS 210
R, AT A S S AR R A A T Rl B ) AR R . IR (o) (D)
(R E AT IR 25 R B (dD AL, 2B HEAR A A e AE S RS R Ay i 22 P 0P 1 255 52 i [
SHE I A2 AR g 1t 75 oK

Zx BITIR, MERRAEAG I S IR 2 BRI 58 7 VA R e A R 21 T4 i) AH R R A iR, BGES 43 Til
AR S A7 AR B iR T B0 T PRI A& R A R B, S8 T 3 HI A TRl LSRR, Mg ag 1
A& 48 22 B TR B 45 SR A e o

I, BERRERGRXEWHE

H Abadie®5 (20100 DK, ZECCHERHECRA “EIE AL 80 “&5% p (A7 17 Aok 202 E
Rk IS A5 5, DA 8 BUR R & 3 23 o 35 I ST 46 22 Al T BOR RCR I S X TR], DA
FE GRS LEAN 725347 00T, WiChernozhukovd (20200, Kim%F (20200 %5, A FEAH IAMALE
TR ERAAEAESN A R A A 8, WAE 2 —7% (leave-one-out) X H ik (Bootstrap) B A #4i&E & 56
FEAS, MG BEE X . WRAETSC T, 2 bR 40 RO A BN T4, JEARH 21X
— %A

DRI, AL 4R 2248 Abadieds (2010) ZEMHVE MR, @i AR #E AL % 6 A Bootstrap 77 3k
R 5 I S B X TH] . 5 AN RIS, & s A B e ik SR A I & B R Bk 2 A
THE, B Jei A8 H 2 #Bootstrap 11 77 7%, 18 3 4l Bk 22 FF A 1) 77 =X 31 37 440 38 4% 0 2 0RO o =
(Hansen, 1996; Xu, 2017). RUEA X EHIESE I Bootstrap /7 AT FEAIMFE, B L, Bk Xy
38/ A M EAT TR ) 7 SRR ER G IR RE AR, T 5 P 40 B AS HEAT A g VA A T DA S A
WEAL B3, A BN 4 B B AR A AR (Gap, ). Fk, (eIl e (LT) 1, &3
WARFEAR100(0r/2) SR miAE R BAEXIE A, 1100(1- a/2) AL i/ ENEE X EF Co ke
L ZE KT, DR 345 %5 I 1) s B SR BUR B A5 X JH] (EfronMITibshirani, 1993), H PAK5S R
% H, : Gap,, =0

ROFIR [ B SR 95% M BAZ X 8] o Ho i TS & B 1195% 135 B 15 X [H] 9[-8.969,
—4.143], T %F NPT AR X N[-0.983, 0.774]. BRI, UG 50 2 im o 357 JH
W T AR REAES Y% ) B E KT N B3, RABEAE SEEE R IS, NN A F MY o & 2 IR
W R AT, X S IUES T, AbadieZs (2010) ERZER (FE (o) ), BARMEIRHEIL S 1%
BRI EE R (FEIL (D ) —2, RIS EAS X AR 1 2805 S0 T 5 1 2
BIBCRRCR . 5UICFER, EBCETTAT, 1988 A HRBURES% M B E MK FRE, XFE “4%
VLS Tz IEEd fr S8 R

SR, TR R TR R, XHTFAE19704E . 19754198 1 AR AR R 31 5. 25 (1 1 i, F
FE AT LS Abadieds (2015) HEATIN A 22 @R 56, Bl R AE FAFBENLYE 70 dr,  UARE—28
TIE BH K LR £ 0] T BV 5 () BUR SR A AE 25 520
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<2 BIRERMEEXE
TR (1970—19884F) THiE (1989—20004F)

Gap,.,, BootstrapS007 {3 X ] (95%) Gap.,, BootstrapS007 B [X ] (95%)
2.433 [1.253,3.378] -3.481 [-4.231,-0.700]
0.949 [-0.000, 1.893] —4.452 [4.622, —1.494]
-0.555 [-1.292, 1.511] -6.907 [-6.939,-3.363]
-1.226 [-1.550, 1.159] -6.701 [-6.743,-3.504]
-0.163 [-0.298, 1.055] -8.586 [-8.664, —3.996]
0.350 [0.065, 0.923] -10.551 [~10.646, —4.712]
0.153 [0.669, 0.755] -9.995 [~10.073, -5.263]
0.705 [-0.758, 0.786] -10.526 [-10.623, ~5.096]
1.173 [-0.479, 1.222] -10.695 [-10.883, —5.058]
-0.807 [-0.973,0.110] -9.640 [-9.730, -5.278]
-0.256 [-0.799, 0.083] -12.208 [-12.315,-5.683]
-1.320 [-1.675,-0.156] -12.042 [-12.159, -5.572]
—0.846 [-1.679,0.117)

~0.765 [-1.685,0.312]

0.196 [1.800, 1.338]

—0.558 [-1.366, 0.126]

~0.750 [-1.322, 0.004]

~1.640 [-1.916, 0.107]

-0.976 [-1.744, -0.020]

VE: Gape,, FRHERRIEALIE A ACR

Ny B

S8 A I O BONBCR T T B Z 0T TR, EHGHERT AR 02 e . ACHR Hi A

FIHERRAEAL Fe 48 i ) 22 R IR 36, DA RICBR AR ol 2 A2 T RO 4005 R R T 51N PR MR 35 0 g o4
Wik . Foris s RIS T, £ BRI R A MEREEA, M f 1R 1K
PR SRR SUEFEN, ASCRT USRI B IE8EE 7 38 Bootstrap KA i %I AR
RORIBAS X, SEILGE TR I8 HH /PR A 362 17 KRR A G 6 (3 %

HERR AL 2 R 30 7 N T TRAT 5 A AT A2, fRF A R S R AR, 5 7

TR FNTIAB IETT5, ABE— e & A HNELE R R B AR SEIR T A, SeftA T i PR
TR, hTHeRa e 7 RAE( R, BEOREAS XA A A TSI 1 /MR A HEIT 1) KR
AAEWTRIEAL, (R AR DR T BOR RO B KT I Ge Tt . DRI 5 SR FeR it — 20
JEEBAR X IRIRE AL, {2 R0 S0V S PRI SR AN 5 3 MEHE T (0 H

(1

[2]

B3]

(4]

SEE

Abadie A, Diamond A, Hainmueller J. Synthetic Control Methods for Comparative Case Studies: Estimating the Effect of California’s Tobacco
Control Program[J]. Journal of the American Statistical Association, 2010, 105(490): 493-505.

Abadie A, Diamond A, Hainmueller J. Comparative Politics and the Synthetic Control Method[J]. American Journal of Political Science, 2015,
59(2): 495-510.

Abadie A. Using Synthetic Controls: Feasibility, Data Requirements, and Methodological Aspects[J]. Journal of Economic Literature, 2021,
59(2): 391-425.

Abadie A, L’hour J. A Penalized Synthetic Control Estimator for Disaggregated Data[J]. Journal of the American Statistical Association, 2021,

DA Stata SIARTLAZ AT https://gitee.com/arlionn/synthsd.



° 128 FitR 2022 8 A

(3]
(6]

(7]
(81
]
[10]

(1]

[24]
(23]

[26
[27

(28]

[29]

Agarwal A, Alomar A, Cosson R, et al. Synthetic Interventions[R]. Working Paper, 2020.

Athey S, Imbens G W. The State of Applied Econometrics: Causality and Policy Evaluation[J]. Journal of Economic Perspectives, 2017, 31(2):
3-32.

Ben-Michael E, Feller A, Rothstein J. The Augmented Synthetic Control Method[J]. Journal of the American Statistical Association, 2021: 1-34.
Cerulli G. A Flexible Synthetic Control Method for Modeling Policy Evaluation[J]. Economics Letters, 2019, 182: 40-44.

Chen Y T. A Distributional Synthetic Control Method for Policy Evaluation[J]. Journal of Applied Econometrics, 2020, 35(5): 505-525.
Chernozhukov V, Wuthrich K, Zhu Y. Practical and Robust t-test Based Inference for Synthetic Control and Related Methods[R]. Working Paper,
2020.

Doudchenko N, Imbens G W. Balancing, Regression, Difference-In-Differences and Synthetic Control Methods: A Synthesis[R]. Working Paper,
2016.

Efron B, Tibshirani R J. An Introduction to the Bootstrap[M]. CRC press, 1993.

Ferman B, Pinto C. Revisiting the Synthetic Control Estimator[R]. Working Paper, 2016.

Ferman B, Pinto C. Placebo Tests for Synthetic Controls[R]. Working Paper, 2017.

Ferman B, Pinto C. Synthetic Controls with Imperfect Pre-Treatment Fit[J]. Quantitative Economics, 2021, 12(4): 1197-1221.

Firpo S, Possebom V. Synthetic Control Method: Inference, Sensitivity Analysis and Confidence Sets[J]. Journal of Causal Inference, 2018, 6(2):
1-26.

Fisher R A. Design of Experiments[J]. British Medical Journal, 1936, 1(3923): 554.

Flannery M J, Hankins K W. Estimating Dynamic Panel Models in Corporate Finance[J]. Journal of Corporate Finance, 2013, 19: 1-19.

Hahn J, Shi R. Synthetic Control and Inference[J]. Econometrics, 2017, 5(4): 52.

Hansen B E. Inference When a Nuisance Parameter Is Not Identified Under the Null Hypothesis[J]. Econometrica, 1996, 64(2): 413-430.
Hollingsworth A, Wing C. Tactics for Design and Inference in Synthetic Control Studies: An Applied Example Using High-Dimensional
Data[R]. Working Paper, 2020.

Imbens G W, Rubin D B. Causal Inference in Atatistics, Aocial, and Biomedical Sciences[M]. Cambridge University Press, 2015.

Kellogg M, Mogstad M, Pouliot G, et al. Combining Matching and Synthetic Controls to Trade off Biases from Extrapolation and
Interpolation[R]. Working Paper, 2020.

Kim S, Lee C, Gupta S. Bayesian Synthetic Control Methods[J]. Journal of Marketing Research, 2020, 57 (5): 831-852.

Li K T. Statistical Inference for Average Treatment Effects Estimated by Synthetic Control Methods[J]. Journal of the American Statistical
Association, 2020, 115(532): 2068-2083.

Powell D. Imperfect Synthetic Controls: Did the Massachusetts Health Care Reform Save Lives?[R]. Working Paper, 2018.

Rubin D. B. Estimating Causal Effects of Treatments in Randomized and Nonrandomized Studies[J]. Journal of Educational Psychology, 1974,
66(5): 688-701.

Rudholm N, Li Y, Carling K. How Does Big-Box Retail Entry Affect Labor Productivity in Durable Goods Retailing? A Synthetic Control
Approach[J]. The Annals of Regional Science, 2022: 1-29.

Xu Y. Generalized Synthetic Control Method: Causal Inference with Interactive Fixed Effects Models[J]. Political Analysis, 2017, 25(1): 57-76.

EHEN
HEELE, BLRFAHFRIKE. HEAESH. BIE S A HNE M S At akit &,
2H (BAMKEE) , 2hRXFEFFRELHRTLE, ARFTOHAARIZFFRIFFELFF. OFHAHA:

lixin_scholar@163.com.

(W1E%3E: 5k &)





