%39 %% 64 FTRIBRFFZRARFAFIR) 2022 4E 12 A
Vol.39 No. 6 J Chongqing Technol & Business Univ( Nat Sci Ed) Dec. 2022

doi; 10. 16055/j. issn. 1672-058X. 2022. 0006. 009

ETEHEFH TR ERERFR

FHAEER, £ ke
(RIRATHR2E S5 MR 22 e 211815)

 EATTRFEERTRRMEY A AR T SHAA T, ALK ZREAA L, BT 547 %
e RF EAR I L, MR DB L, Re; 6B RMpEH 5 EX R FER  FaRMEE T EELT0
R EALAA B K AL, A de B R A BT R SR AR AE 3 45 K o W R B RAL 09 2 B AR ARG 3 4 FF B ARSI
Vb kR — SRR B EE R PR Y BETEEERPM, LA L BF 2R L,
B F o4 kbt AR A Mob sk Byt PR PR ER S, NBT —ARXB LRI EMREL
L, BF ¥ &9 B AR SR MU F AL JF 26 i 2 BAK I 3R 3 T Aokl 48 8 T2 1 PR FEBUR AT
EAERFR K L, L, BT o455 &F B RIE 7 TR, S REAN . B FERY L, L, & Z R4
ERNTFTEAEZFEZRN,; ZE BT R EHERAEAANGBE, BIET L, BF o8ty m A h E

FaA 0 TR R
KEBIR F EAET B R L, BT 547
hESES.0212.1 XERFRERD ;A

0 5

I

Gt O OC R R A% 38 Ao A ¢ R BGHEAT RE
T T AR OC R AARMER — D WIHH B9 B2 A5 4R, it
A Y PR RAE BT ( Causal Inference ) [R]85 A% R 5231
2 EAIETER A . Rubin W FE SR SCERE LA
R T VR 45 SAE ) ( Rubin Causal Model ) , HoAZ 0>
& O ) — TSR A2 T I 252 T T
HZs R 22 5 Bz 100 9 R SR A00 ( Causal Effects)
TEZ S FESEHESRT | PR SR W 1) R 78 Ry o 5 A
AIAGTHIR L, H AT, O T 2 8RR H BN, Befig iRk 55
T dEEdE , BAGTHSCR B4 0 R HEWT v i
Rtk — 2L 5%

Rubin JCTE AP T I T 1 X 40 BN 1Y
AT R e ek A JH 2 5 42 o 4 10 0 2 5 R DL A

Y fs B #7:2021-03-05; &[5 H #3:2021-05-18.
BEE£W B BFZRHRFEEL W HEBI(71971118).

X EHS:1672-058X(2022)06-0071-08

THRCF 92 {H; Heckman 5577 fff HI X & 22 43
( Difference—in — Difference ) % i1/ 5 5280, 14 H
R TS A ILEOR A ; Abadie %5 42 H A Bt
7% ( Synthetic Control Method ) , K 45 il ZH ™ 44 fin
K, B A 5 AL R ALY e LA, T 3 s 173
T 0 Ak BRZE R0 M 40020 1) 728 A8 A, 45t P 2 b
RONE, BT ORCE 2 53 % B N AR P [R) L Zheng
SR AR LR b AL A 2 o ok
E 5 i 20 1) AR O E A R AU, DL O i A
Doudchenko %' HLHE T WUE 22 43 A 1 da il 3 |
AR B RO T T S BN A ]
R 2544, FE o FH 534 ) 725 ( Elastic Net ) 1% B 1% 11
T, LS 12 45 1) 28 0 3l A AR, SRAT s g 52 {E
WU o 35 S5 3 0 56 T SO0 384) T A S e A i A 7
BEAMERR , B2 FR T A WL AS 40 | 75 1o % 2A
ENEESRIRIOE S CIinE Y e EE

EHE R AT (1997—) , B WU HGEB A Bl |, A ER G011 R SR HE WA 57



72 ERIWAFFRCEAFFR)

%39 %

BRI T3 BT AR A i AL 11A) 2 R 28 35 A o TN 7 3
TATOT v 24 55 4 2= IR S5 ELRE I FH A R R A1 A9 %K
o PRIEAE RS SCHE R TR 2% 35 {1 ] 3 Bl AL I
BlE , FER BT A T ST DR AT B TR
(RS AE AT . Xiong 2517 48 A7 A B A
T BVEAE R A A | JHE 2 1780 R 5 i U
ZEREREAR AR A L R 5 I 37 , B 7S 31
FAAA AT Bai S HEH TW B3 (Tall - Wide
algorithm ) , HoAR R 1A A B 40 2 A7 5 Y 7 4544, JF4%
BodE %438 bal tall wide \miss 4 2 (block ) , 7351 F
H tall-block ffiit/A3EHF wide—block fifi 11 f5
P PRl 28y, DA T A5 1) - 257 A0 B ASON A, 3 8k
T AT A DR B X T R R i A T U g
JABFAEAT BB Bl — R P s &5, R8I A
PURIES €/ EISK et |

ASCNPEALI 1 BERE S L, B br i, 3648
SEIAL BN AL T, B T E B ERNE, 5
Xiong &5 AN [A], iZ A Ak T ik 1) i 3 0 45 HE T 20 75 A
FEHAEARE AT RN )5 R T A 1 R AT S E
30k 04 - L 17 A T B R 8 M 3 SR 5 5 1T 5 Bai
SR DOINTE T A T V50 R i 2R A LA S 1 B
BRAE R B AR AT R 743 A, 0 K A T A a0
X153 Je ARl R B e a3 A TV AR R - 5 R 2k
T, 20 & s AR AR A5 B &5 AL
e AR R R R (B, B RT3 o e fh — 245 30
TEBCE A RN, ROV 7 45 5, AT 32 = A 113008
T30, 5 IR SCER GO P Y AL BN AN [F] A SOk
HHIA L KRBT L, XUES 45 3 A 50k
PHASN B Ak T

1 AbIEFM AR

AR SCUABORVTAL g 1], 7 34 Sz = SEHE AR 5 BEAIL
X HRSEE BRI () TEREAS 2 (¢) B ER
TN TEZHL X EOGER 1) JE AR A7 v, , HEATHEE
5 I DG TIZ T LS R B BUR A A B3k T
AT AR Y e R™, b 75 BUR 520 1if 9 2046 —
M o 48, 00 5 B8 — 3 o & it T 4R
(T=a+b) .

O A R A AR R 8 ik eI i= 1,
2, 0, NBEBUR A AR, V8 S 55 40 (treat
unit) s IRTT j=1,2, -, n, HARBERAN AT,
YE MR ZH ( control unit) , 2ot N YT (N=n, +

n,) o fi[A] t:T17T2?.”’Ta’Ta+l’.”?Ta+b’;H\:rh L=
r,1,,,T, ﬁﬁAﬁﬁ,t:Tﬁl o Torrs 3 T VN
J5 A AR Y, X030 4 A0 BAR S R
BNR 1R,

*1 TEFE

Table 1 Setting variables

2
ANH] INSE
. obs ... _obs obs . o
ey i Yir s Xir Yir 2 Yir
a a+1 a+b
. obs obs obs obs
;}5_%] ,ﬂ. :)/,71 ’ ’y/,lu :)/'7u+l ’ Jmm

wemZ(e=T,,,T,.,,,T,.,), S FEE—N
S A IR T 0 I O Y R R R R T 2R b
E(y=y) 3w, IR TE T %38 bR AL 32 B 5
R, T LSS B RS mR r B — H SR AR
UL, ANAREAS AT I bR AE RS2 LB T (1D
BATHHAN ARG ) (S S 0, BIaT 3 Bk
T BRSSO . B A Sk

T=E( ) =T, Tny o, Ty (1)
(1) BT LA R B WA T SC R A I 5
8 M5 SN 1 255K 391 28 IV AT 48 5 B g
SN, Rubin(1973) $H T — AL H 7 BAESL

P s Sy =T T 2)
152 4 T L) 5 AL (RO AP 2L
ke 3T L i T 52 B2 0 7
FIEL R EIBH 0= (0,,0,, 0, ) Wl w, B
S 0 5 RN B 5 2 L A B 52 4
H 5 S T, CRE— oK, IR R S
S JsR B8 0= (uy00) o AT L
AEL P67 8 05/ e /M L i
00, FABEI B @ 1 11T

Qoi, @ 1y™) =2 D [y —p -0y |3

1824 0= (u, w) MY R, /N SR 4 8K
TR TR 2 |, (45 B R0 B Al AR AR 7 AR
FE, R, 7R AN 1 iR 7 B — S R A X B4
0= (w, ) MLABRS I, 17 BT F T2, BT
ELFA TR B B S AR % R R X B8 6=
(1, @) HEIN AT, DAARAS S A A T RICR

2 ETEFHITHRELEMGLT

2.1 AFHEBREMEIT
PEAESR | R TR () BRS A H B 445 8 TR



%6 M

L £ ETHTF T EARBEHRFR 73

KRB 5E35 IR, 0285 R A3 J0W T 2% L4
TFBURI VAL | 25 Ha Bt A 2 Beapr i i
Geitaarh B P A O B 5 F 5 DL
SEH 5 R o A A O R ST, Bai ! B
SE TS IR RO A5 S E I 32 v DU 7 Rl P A6
RYRPLE DR RE FiT B2, 38 2o 1A AR 8 25 4 AR IR A4 2
A B JE A Al s Fan 200 35008 HAT 25 AR H6 B
L5481 m 4E Py 7 22 Ak 3 1R AL, Jd i 51 A POET
(Principal Orthogonal compl Ement Thresholding ) 75
%ﬁ%ﬁﬁﬁfﬂ?%*@;l@ng“” e —Fh R R
IO INTIT 5 | P iR SRS LA T 2 DR 7284 1
TSI ] PR AR 1) 28 R LR 18, IR R T S
[ AR AN i B b AT JRr i bl

R ARESE Y e R™ HA K T4 10 f,
R NEIEN T34, e R NN T 8475 C, = ALf, WA
LT Hr e, NRFIRIN 53, Bl

Y.s't :A:rf; +est
8217."’nl’nl+17“.,N (3)
t=1,-,a,a+1,-,T

0SS h T RAREE Y, iR (3)
2P C 2 | BRI T LASE 1A T R F ) LA AR

K FHAF A B Y, A Y, =A" f, B
J7 i (PCA) S —Fh 4R AT HOA 71

S, — ORGP R T
WUZER . P43 Wi bt A S B 4 17
WAL 4 3o S UL 4% 5 38— AR 2B P T2 vy, 3%
RERE TEROR | 43 7 1 A B AR B R — i
BT, TT L A5 AR 7 005 4 2 ] (9 B A Bk
D52 T Ly PR 437 I S0 1] L4 25 348 >y A% R 4
0, WER/MER

0P =IY - A = 3 3 (v, - AP’
A= (A, o A A, A F = (e
oo f) o MF FRRBREC Q, BB/ MLV, 3
FHJ7 ok B3 07 92 K6 Y'Y AT AF 5 M 45
(SVD) , FHRILARHY r AT, 1A LAY - A
AT - O TR LB R 24
2.2 L, Se#HEFHH

TR R T, LA T 2R A, B

ARE Sy = AT f ok,
B R S SR R E D, A A

TEMA, N THAT R F A 8 1 s %
BIEOR T WA 5 (s et ) AR B A,
FEHEAT T4, i TR T4 0 T AR B Y
SR AR O LR T 0 L S B L R A

BT B I, S5 2t BV e TR ToF, LA B

K THAA, WAEE A T B FoR, AL
530(2) 4 AL, #B I R A A B A B AT
JFIAA,

FEXT A K i (0% T AR B s 264 7 7 oM
I ¥ N 3 S EZY Ny pe s Kl =Y a3 d
bR Rl 5y N S R S S R = G i 7 N [
AEFE, Xiong A& H A A R (B D0 100 I
RO BT 25506 B AR I, % B AR AL,
Bk 2 (EL BT A AT R B, DA T 45 v R 5 B0 38 Sy it
JE BT B T8 PR A T A5 6 5 18 R A1 )
I T 5 P8 Ak T Bai S50 AR
BAERI 732 4 B (block ) , 73 5 F A tall-block At
PNFEHF wide—block Al TTHERS 5 1 R 28 4n7 5 T AS
SCTU IR 1 6 32 42 4 5 s eR IR S 7 Bl 2 11
SO, Bt AR R Q, BUE N

0.4 =Y 3 (r, -AY) "+

> >, -A)?

s.t. A"A/N=I,, FF"/T JX %,

TR 2O 2 L SR T AR B A T8 A 7
PR FmbsEtE , B T A R E R 15 B
2.3 L EHETFHAH

L, F 40 B R SR 2 X B T U, o T
fif Pz Rl R, A SCfdft B A Rk i L, 20
HATHEE

¥ BbreRgr Q, A L, Ju%k, A 15 H
PR e AL Q,

Q;(A,F)
S 3 Iy, -

s=n;+1t=1

" a
S Iy, A+
s=1

t=1



74 ERIWAFFRCEAFFR)

s.t. A"A/N=I,, FF'/T X%,

FECT L, 304, L WG b 2 AR
Fdg T, fERfb @ik L, Ju8O0 TR RHERA
FCORAERS T L, S5O0 BAS v, 53 h—A X
Je L, BEEWR Ay, B AL S, B
m(y, A f) =A] f,o T L, {WBEWREy, B {H B
HBIAL S, B My, 1ALf) =) f,. SREEER
ITRLA F 45 7 ( Approximate Factor Model ) AN [A], 43
BRI 435 B F A58 ( Quantile Factor Model )
At T A ] PR X6 T O 2 o A 3 A1 ) 52 e B
AT s AT SCHRZ2 D R 32 8000 o3 A O kAl Tk
LI PR T AR i 0 B PR AR B A O A
AR LA I B 22 A AL 1, T LS A i L | 2
{EFIJRE & 3 A1 B s R fe bk
2.4 ZBEOLRHEZE

HiRre& %L 0,.0, 5 0, W/ MRS 5 Jo
AR, b Q) A AN A P43
B, Al A A S E AT RS0, 5 Q5 W
TR O A ke

— M M 7 R 0 A R E A S R %
)R, O R AR S . 2 T i — 7 48 A
AL, T2 TRl A 2 ™ G A 5] R A Jb JE vk ok He i
DEfRIE, 7T LR HIZZ B A T3 4, B — i Herp —
YA B fEAAF R W (%A i kAR
AOIBAED) KR A s —HEoR N, I H bR eki% 0, 5
Q, wthis(4) S (5):

F = arg min Q.(A" F) k=23 (4)

A =argmAin Qk(A,F("")),k=2,3 (5)

KG HARREL Q, 5 05, F

QA F)=[|Y -AF|, =

i (y, A" f) + i (y, A f)?
QA F)=|Y-A""F| L=
Sy AT f 4 Y [y AT )
Hfry A = (ACD el A A G
ANy SR Y A A, f, 2 F B B,

TR (4) TRV LA T AR 1 T AR AL
B SRARARLES

lll
fo1, =argmin X (y, A7 10) 7 +
s=1

%39 %
N i
S 0 A o) (©
s:nl+]
711
S0, = argmin Y, 1y, —A70 10+
s=1
Y Iy, AP g -

=n;+1

[F) PRRE X (5) Fe Ao T T B9 N AN Sz 89 5k

Nl

N, =aremin 3 (0, ~00)" + X0, ~0'7)
(8)
Ay =argmind |y,-0"f,|+2 1y,~6"f, | (9)
SElA, A B s 17, K (6)—3X(9) AT LR
PSR SR A, M B B AN B T, B
ey 75 FLBRBRECT BT BT, 46 1SR 3% ot
R OK B PR — R I
BV RN, SR {1 o P A (R 4
KA SRR, I AR R R 581 4 Bt
P, FLPASTHBTATE (L L, 9B R0)
Stepl  WIAESHL A A 3 HORIAEA 3

Step2  AZEMLAL X TFERKE m(m=1,2,
o M) jﬁ

argmin 3, (5, -4 T p) s
T

2 (yt _A(m,l) 2 (m—l)ft) 2

t=1

A(m) = (Al(m) e )‘/%m) )T =

b

g
wrgnin 3 (3, -ATE T F) s
N

S -y Ee)”

s=ny+l

Step3 45 R . A=A 3 X A #H4T QR 4

FRIE AR BIA  F=A"

W kb L, JEESCh L, JBR S S A
KA Ly TFI3HT . R TRIGRIE AL, 3 D X F 4
B, FH B AL B S ) BR LS 5 T AL AT LR
fi] B LRI TR0 R A, X LA T DR SO B filE
FH¥E AR 8 1 27 (B 5 (SVD) Sk A 2 [
TR HEREAE AR IEA



%6 M

L £ ETHTF T EARBEHRFR 75

2.5 FUMRUCRVER

H T 2 g SR K A2 TG v A 3 LS ) WA e
DITE BEALGT BRSE56: vh I ik AR A 000 152 22, AT TSk
AR AN J7 ik 1 T AR T B i Rk Tk 2
Abadie 2 H YB3 vk, AR RO T
(O e S M TR AR i W S (2. s |
(placebo) P F =27 F I BEALIC S BF 9T 4 M K g
R AR RS g NFEREAIL 23 R T 2 Y 52
B0 55 i FH 22 S50 B s il 20 3l 3k AN b S A e
FI AR )2 L2470 2 e SR ] o ol B 3 00 B
FHRSEME DL S BE Gl ) 22 R A g, A% S8 AR
T IS 20 b e PR S 20, 5 P AR TR] ) 5 12 A
THREA R« S S, X R B [ I 4R 45 1 S5 1 WL
H S5 AT A TONAE, BY AT 3000 25 R AT P . Hh
IH A5 38 ) <2 R A4 (LS5 M AU S Sl 2
22) 58T 0, BEHAH 5% BUR Y R R R0 22 BB
R WEL VI T e fl . 7ESHIERFSE T, 22t
IR 52 2] T 72, Abadie 38 i3 B #2216 4
T 52 B BOR SE ma A 22 RO TR IR He A,
B e TRk B AR A 1 5 Athey 2507 U 43 591 4% 158 1
UL S50 20 55 R AL B STt B [, %of XU 22 43 i A
T A A 17 356 D 725 ( horizontal regression) |\ fH B4 &b 4>
1 (Matrix Completion Methods) 2§ & i J7 i 47T T
HeAL

A SCHART LU RS O -

(1) FEHLIE B d T - R B HAE ¢ =
TooisToyyeoey T, BT B R 2 BIBOR A ASEMR, A
P56 2H ( pseudo — treat unit ), H: 4% 2 il 4 3% T
GO BIR BRI BOR A AR RIS, AR
WE M2 Fis,

F2 hEWARIE

Table 2 Pseudo—treat assumption

AN NG

bs obs obs obs
L e nh g v e Y yeb ey
Ph oK Bt it i, P T Ty

" yebs ey yebs ey
et pl OO O O

b

(2) MR 2 7, 5 T, (Hd T, e
IR T, T,y o, Tousy oo, Ty 1<e<d) B
LY HIRTTE T,,, W22 BIBOR I A S, %
THOL T S0 20 55 4 i A3 A AR | ELAR AR i

F 3PN,

&3 (AREMRIE

Table 3 Pseudo—time assumption

) YN g
NNl WA
N bs obs obs obs
S Y? Y? Y? Y
EXE ox ! 0Ty YT, T et YT
bs obs obs obs
e o) Y Y Yy e Y
;}i ﬁ%] 2 J'Tu+l ’ ? J'Tm-u ‘]'T(l+(‘+1 ’ ’ ]'T(H-d

FELL_E PRI IE oy, R RE HORE S A fY < 52
B2l s AR BRI AEL, B B IR AT I 00
Mr, IR AR L, 50 Ly DR DR iz TR 1 3
A ST TSR, FU0 S S o A R R A 0
Hh, R IR i AR A LS UL (5 A 3 4 BT (L, %o 93
IMZERHATIEY , FHTER 3 FHEAR : F gy F oy H
Fypap IR 3 FEHR AR T B O BOORG BE ., 11
FEIN(10) FR (e, R SESR LT 0 76 ¢ I 2]
AT R 22 )

11 Y
Fyse N?Z ezt
t=1 n=1
11842
FMAE=N7Z z ‘eit‘ (10)
t=1 n=1
114D e,
FMPAP N?ZZ ?
t=1 n=1 .

3 SRIESHR

3.1 HIEERETEIZE

AR SCHE B AR AT 5 T A2 A Y G
JNF AR JE S BE 6 W2 KR LR 14 BHE ( Abadie 45,
2010; Doudchenko %5 ,2016; Athey 55,2021) , i [{
RGP SAE T T LIl AR SO R A
SRS UACAH MRS B 45 R AT B, )
PR RSO S A FE R AT A E . 7R s,
FIAE JE M T 1988 A7k B il AR B A A A Ry 522
B2 R HL ST A 38 AR ] AR P B A ALY
INAE R i 4, TR B BE BT 1970—2000 4F 3t 3
3la [A145 N KBRS LA, JT iR 1988 4F B3R
AABTZI(T,) ZER T 1989 (T, ) L X 4K B 4
A RO
3.2 HENGE

SEUEME ST, AR EE Y A 39 47,31 F Ry
M, FEEARHF il N=39 n,=1,n,=38;
T=31,a=16,b=15, K Bai %42 H 8915 B E N
EFRSEFNE, EZAE BN, B 50w =



76 ERIWAFFRCEAFFR) %39 %
R/ME: P RCR YIS, AN REUE I BOR N 2R B3 . &
0(r) =ln(V(A’F))+rG(N ) A A A S B a7 D 0 B (4R yhat ) SRR AE

' 1989 AEBEUR A AJE AT 5 SEPRE A 3% 22 5+, fiE

Hrb V(AL F) IR 7522 F 05 ML G (N, T) A1
PREL, i 15 7E N, T— o« B}, G (N,T) —0, H
min(N,T) G(N,T) e , % Bai&Ng(2002) Hi¥L,
AR SCAE S 5T th e B (1) VR AT pR R
N+T NT
G(N,T) :(W)ln(m) (11)

ZJEXt BAneREL Q, 5 Q, RIS LA Ak i
kAR, 43 A5 B X6 N ¥ 7E 1 F, 5 K 8y
A PHEF, 5A, #7145 0N 7 B A 4% B
FAANIEOLT 1Y S g5 52 WA ; 5 Je i =8 (1) 75 2]
o R A W AR SR A AN [R] 5 s R TR B BOR
R
3.3 WNERSH

SEUERFFE R BR T A SCHE - AT A G 3 Rl
PeAh, 1 B A o R L W 25 4 ik
( Difference — in — Difference , DID ) L} }2 Doudchenko
(2016) fift FH () 5 N 45 15 ( Elastic Networks ) £ 47 Lt
B, MR (4) TR BORRN (£ 4) .

F4 BURKE AT

Table 4 Policy effect estimation

% 108 I S SRE 1 DRI SR80, (A SR A AT 14 Bk (1] Bt
(1970—1988) SLPR{EAH 22K, 1T L, B+
(Z8 yhatl.1) L, RF43H7 (28 yhatl.2) DL gk N 4%
Tk (4R yhatEN) ¥ REAE BUSR A AHT 5 SEPR (8 15
—5, BN AJG 5 PR E R W 20
3.4 FANRESH

PhSz g i s o, BEALAH IR 5 AN B 4 il 20 W AR
TSR Ay 33 A M I, BOR A AR
Z) AT SRS f 2 (10) TR TR R 22
ks s,

*5 HEBARIETNIEE

Table 5 Estimation error of pseudo—treat assumption
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Fig. 2 Estimation error of pseudo—treat assumption
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Table 6 Estimation error of pseudo—time assumption
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Fig. 3 Estimation error of pseudo—time assumption

HIE 3 AT L, T SR E R L S
L, RForArAH 22 0L, T a R i i 22 i /N T L,
7008, iT RIACOZIE BU T Ly T B 2R R A
W L, ik, 28 BRI 2R AN Y ) BN
IIMTRIEL 22, 25 IR 2E B FH R T I3 Sh W FR 7 1
Wi Ly Ly 553 B B BOI R AR A [R5 B0 T R BLG
75, H L T 20 B e MRk s T ROR K i 1 L,
o0, gL, WA L, B A 7e kAT
PURMEWTIN, BAR BA —E R, Bz T L, N
T AT A B KBk
4 B %

HAERI BN T R R 5 5 R R IR
AT B A SCHR IR T DA SR AE BT A AH DAY |
2 H B2 R FIAAAG T, IR T e BT R

B

PR S EARR A 2 )5 5 A R AR A 2
i BEIE , AR FEAME & AR R SR Al 31059k  1EA
PRl R 3 B o 3 Al a3 o M ik SR Al 3 T 2
Fh A5 9 R 4520 n] DUAR G4 T 2 WL %
TN 5 O, A DRRAE W 5 1SS I TR R A
SRAEIRT S S A T il A S A AT AR 1
BT

ST LU BSR4 F RO R (E
A A — 245 B AL 45 A5 F 2 A B0 5 IR
ML BT L, 7Pkl s ml, ot
ek b ek, ARAT A R Al BRARN 5 i 2 X L,
WM s AT Rk, S 4 17— P g Bl fe
TR B IR,

e, o8 THRAE L, T Hre AU L, T
STV DA PR AR FR) Al 3, 5 T 0 A 4 JE S H BR il
MR HOR RO T SR, K PR AR B 35 o
b FHAE B R SR R T L, SEUEBIFFE YA R 3%
W ARG L, AT R R TR M T A
W, J o D e s 45 P A AR B, 23 B
BT Ly Ly, AT Hreg BEsOR 45 /%W L, ¥
I Z HAl I 06 BoA RS A0 TG ACR:

2 % 3Lk ( References) :

[1] RUBIN D B. Estimating causal effects of treatments in
randomized and nonrandomized studies [J]. Journal of
Educational Psychology, 1974, 66: 688—701.

[2] HECKMAN JJ, ROBB J R R. Alternative methods for
evaluating the impact of interventions: an overview[J].
Journal of Econometrics, 1985,30(1-2): 239—267.

[3] HECKMAN JJ, ROBB J R R. Alternative methods for
solving the problem of selection bias in evaluating the impact
of treatments on outcomes: in drawing inferences from self-
selected samples| M]. Springer: New York, NY, 1986.

[4] ABADIE A, DIAMOND A, HAINMUELLE 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.

[S] ZHENG Y, ZHENG H, YE X. Using machine learning in
environmental tax reform assessment for sustainable
development: a case study of Hubei province, China []].
Sustainability, 2016, 8(11): 1124.

[6] DOUDCHENKO N, IMBENS G. Balancing, regression,
difference-in-differences and synthetic control methods: a

National Bureau of

synthesis [ R ]. Massachuseitts:



78 ERIWAFFRCEAFFR) %39 %

Economic Research, 2016. estimation by  thresholding  principal  orthogonal
[7] XIONG R X, PELGER M. Large dimensional latent complements [ J]. Journal of the Royal Statistical Society
factor modeling with missing observations and applications Series B, Royal Statistical Society, 2013, 75(4):
to causal inference [ J]. Journal of Econometrics, 2022, 603—680.
208(1):23—43. [11] KONG X B. On the number of common factors underlying
[8] BAIJS, NG S. Matrix completion, counterfactuals, and large panel high-frequency data [J]. Biometrika, 2017,
factor analysis of missing data [J]. Journal of the 104: 397—410.
American Statistical Association, 2021, 116(536): 1746— [12] CHEN L, DOLADO J J, GONZALO J. Quantile Factor
1763. Models[J]. Econometrica, 2021, 89(2): 875—910
[9] BAIJS, NG S. Determining the number of factors in [13] ATHEY S, BAYATI M, DOUDCHENKON, et al. Matrix
approximate factor models [J]. Econometrica, 2002, 70 (1): completion methods for causal panel data models [ ] ].
191—221. Journal of the American Statistical Association, 2021,
[10] FANJ Q, Liao Y, MINCHEVA M. Large covariance 116(536): 1716—1730.

Research on Causal Inference Based on Factor Analysis

FU Ju-wang, KONG Xin-bing

(School of Statistics and Data Science, Nanjing Audit University, Nanjing 211815, China)

Abstract: According to the causal inference problem under the counter-factual framework, an L, factor
analysis method from the perspective of factor analysis and optimization is proposed to estimate counter-factual
value, and L, loss function is introduced to optimize L, risk. Combining causal inference with orthogonal factor
model, the counter-factual value, which is supposed to estimate, is regarded as missing value, transforming the
counter-factual value estimation of causal inference into latent factor model estimation with missing value.
Discarding the missing value in the panel data, the latent results and mean treatment effect are derived directly by
optimization, and therefore avoid the loss of information; using L, factor analysis instead of L, factor analysis to
estimate the model, making robustness improvements and obtaining the median treatment effect. Alternate convex
programming is introduced to minimize the objective function in the L, and L, factor analysis and its
implementation steps are given. Empirical study based on the case of tobacco policy in California is made to
compare L,, L, factor analysis and other causal inference methods. The results show that the L, and L, factor
estimator is also applicable to the prediction of macroeconomic variables. Finally, by setting up pseudo-treat unit
assumption and pseudo-time assumption respectively, it has been verified that L, has more robust prediction effect
than other methods.

Key words: counter-factual estimation; causal inference; L, factor analysis
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