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Table 1 Balance test results before and after matching

Unmatched Mean Y% reduct I-test V(T)/
ISy % bias

Matched Treated Control | bias| 13 p>t V(C)
U 21.91 21.83 6.2 1.29 0.197 1.33"°

Lnasset
M 21.92 21.90 1 84.0 0.15 0.884 1.24"
L U 0.423 0.538 -13.7 -2.1 0.036 0.04"

v

M 0.423 0.425 -0.2 98.3 -0.13 0.899 0.87
U -0.051 -0.060 10.5 2.11 0.035 1.08

Inexr
M -0.052 -0.047 -4.7 54.7 -0.69 0.489 0.81"
U 0.049 -0.019 4.7 0.72 0.473 0.04"

Profit
M 0.049 0.088 -2.7 42.9 -1.59 0.112 1.92"
U 0.248 0.240 4.9 0.96 0.335 0.95

Market
M 0.249 0.249 0 99.7 0 0.998 0.90
U 0.520 0.634 -13.5 -2.06 0.039 0.04"

Intasst
M 0.521 0.516 0.6 95.3 0.33 0.745 0.98

w7 A O R IERCBUR VEFE AR A T 25 LE T [0.835 1.20].

1 AR L ECHT S AR iR AR &, U L3R
ARVLHEE ( Unmatched ) , M U R VL J5 ( Matched ) .
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Fig. 1 Kernel density distribution plot
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Table 2 Multidimensional balance test

SOk B A K P A o A e PR — A A 1 ) A
o3 AT BB ) 45 3 AR AL BRZH 5 % 37 5% B

o RUA || mma ||| jjfz jifz

BifE FrifEi BifE FrifEiR ZE{H HEDE S -
Lnasset 21.818 1.274 22.072 1.453 0. 186 0.131 0.010 0. 093
Lev 0. 526 1.853 0.411 0.215 -0.087 -2.152 0. 064 0. 042
Inexr -0. 060 0. 086 —-0.054 0. 089 0.073 0. 037 0. 039 0.070
Profit -0.011 1. 438 0. 026 0. 588 0.033 -0.89%4 0. 086 0. 042
Market 0.242 0.178 0.250 0.178 0. 045 0. 001 0.070 0. 042
Intasst 0. 620 1.852 0.518 0.236 -0.078 -2.062 0. 069 0. 061
e(x) 0. 057 0.028 0.074 0. 041 0.492 0.378 0. 046 0. 098
I(x) -2.932 0.561 -2.658 0.575 0.483 0. 024 0. 046 0. 098

E: e () BETHRIBTATISY, 1(2) =In(e(x) /(1 —e(x) ) ) HERMEARI BRI

AR SCA T T Al 9 b ST 1 A 00 . Ma-
halanobis #373#1 ¢, & q, . 715.45 2| ) Mahalanobis
135352 0.292 1, KTAI0{A 0. 1. 24 [ & i K
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0.979, BIAE 1.9 % i 4h ¥ 20 4R A 31 DE B i)
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Table 3 Balance test results before and after matching

Unmatched Mean Y% reduct 1 — test V(T)/
Uiy % bias
Matched Treated Control | bias| t p>t V(C)
» U 5.718 5.904 -28.2 -5.26 0.000 1.22
op
M 5.718 5.775 -8.7 69.2 -1.17 0.244 1.19
U 10.569 10.173 57.0 9.91 0.000 0.04"
Economic
M 10.569 10.57 -0.1 99.8 -0.01 0.991 0.87
U 16.33 16.002 26.3 4.78 0.000 1.08
Finance
M 16.33 16. 404 -5.9 77.7 -0.75 0.453 0.81"
U 80.543 77.889 8.4 1.46 0.145 0.04"
Urban
M 80.543 79.32 3.9 53.9 0.54 0.587 1.92*°
0 U 0.030 46 0.029 68 0.9 0.12 0.901 0.95
ven
! M 0.030 46 0.028 9 1.7 -98.9 0.32 0.752 0.90

T E SO ILRCEORVERC AR A T 22 ERT[0. 815 1.23].
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LN RN N W7k | | U R NI (EP LN = YN
B2 (b) Ha] LA H A B (4 i) 45530 A A
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Fig. 2 Kernel density distribution plot
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Table 4 Multidimensional balance test
- e P2 5% ALFELH 5%
T | R ﬁjﬁ ﬁf ﬁfﬁ T{? Zig St S
v St o 2 i L
X B Xt R AE
Pop 5.795 0.671 5. 669 0.742 -0.178 0. 101 0.035 0.121
Economic 10. 231 0. 704 10. 955 0.497 1.187 -0.348 0.469 0.176
Finance 15. 964 1.260 16. 936 1. 036 0. 844 -0.196 0.303 0.073
Urban 76. 854 32.677 99.799 4.548 0.984 -1.972 0.404 0. 049
Open 0.028 0. 085 0.029 0.021 0.013 -1.392 0.179 0.073
e(x) 0. 050 0. 060 0. 136 0.112 0.962 0. 620 0.585 0.267
I(x) -4.769 2.988 -2.101 0. 858 1.214 -1.248 0.585 0.267
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Table 5 Comparison between PSM-DID estimator and proposed PSM-IPW-DID estimator
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Table 6 Analysis of the impact of unbalanced covariates on the PSM-IPW-DID estimator

No1000.7-2 DGP2a; [HIIAHRAY a* TEAA " A ) 45 53 07 RS IR iR
Bias Ave. SE 5%Sign. rate 10%Sign. rate
i s ~0.539 4.634 0.043 0.144
i e -0.539 3.158 0.386 0.540
No1000.7-2 DGP2b . [BIHHBERY b EAf " R w45 43 7 BN IE R iR
Bias Ave. SE 5%Sign. rate 10%Sign. rate
pom_ipus 1.429 4.032 0.408 0.671
i e 1.429 2.063 0.949 0.976

. BN H 1000 RES, R EE T ATT BEER 6. 7= BJ772(23) tP3 1 H9 PSM-IPW-DID {48 ELIRj Spak vk
Pl AR A A | i BrAR (23) Fh4R Y PSM-TPW-DID A e L8 5 A4 M R PG T 25 4. Bias A1 Ave.
SE 53 il 48 X Al 11 (9 it 15 TP 2B 22 55 % Sign. rate I 10 % Sign. rate 735148 5% W& HAKCE T Al 5 B3 AR 10%

B AT 23 YR o L.



i

i

il

»y,
&

Eitd 2024 4F2 H

»,
&

e 6 HPEUEAI LS B W, 1 i HE A AR 1Y
R I AR HE S R A i A 2 A 1
{ECRA L, HOR/IMHTR] LA — S (i, (AR R
JIN, NS b 2 TR/ N AR LRSS T TGS 2 TE
5% 10% i MACE T Pl T8 5 14 =i B
TP (B O 2 PO R AN [ 5 A B ) [
I DGP2a Fl DGP2b, 7] L& B, DRI A2 B 45
) DGP2b LAY A THE R IR K (1. 429 1 Fl | -
0.5391) fHJ&— B G AR5 & 1 S B s i
WA KRR, 1T HL R 2 K TR R 5. ik e
WHE—B I T 25 s A T 2 e ) R pR A
KRB XS AT 2 T8

4 36447 PSM-IPW-DID

AT B PSM-IPW-DID J5 i 5 JH T4

TP AR A A B A S P S ScER
# FHE) PSM-DID J5 k3547 b, 38 2 5% L bt
G, IRX AR SC T 1 52 1 B i R g A
4.1 “EE” LHI5H

T2, FIHES =750 A (0 i) 45 43 DR C B ) JFAR
I L[] S AR A TR AR A SR AT 0L 25 4%
FhTE B RANT R 7 (1) 3] R 7 58 (2) 51T
TN 22T AR (1) F R AN A A o AR 1 [ AL
NI ZE 5 3 7 55 (2) F P R AL T #
ARt () [T A 25 L. [T A 45 R R, < RO BOR
X EER RS — AR E A S A B Y f )
VERT, HoRUINR 3.4 3 3.7 AN AR AR AT 4
M2 T ] A AR b 22 T ) 1 0 e, PR
SCESRE, B O BOR T X T
AT 3.7 AN E 5T s FE R R — e ED IS A
o7 b XA T A A S E ).

s
=}

RT EBUIEEMEN SR
Table 7 The impact of “replacement of business tax with value-added tax" policy on the proportion of operating income
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Table 8 The impact of "smart cities" policy on PM,
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Abstract: The propensity score matching-differenced-differences model ( PSM-DID) is one of the most popular
methods for policy evaluation and causal inference. However, it faces the challenge of unbalanced control vari-
ables between the treatment group samples and the control group samples. The traditional balance test based
on the mean difference t test is prone to one-sided and imprecise conclusions, which makes subsequent causal
inferences biased and incredible. In order to overcome the above problems, this paper proposes the following
improvements on the traditional balance test: First, it recommends a more comprehensive and multi-dimen-
sional balance measurement index, which facilitates ( after applying propensity score matching) the balance
comparison between the treated group and the control group in a more rigorous method. Second, a new estima-
tion method for unbalanced samples is proposed : Propensity score matching-inverse probability weighted-differ-
ences ( PSM-IPW-DID). This method combines the merits of propensity score matching (PSM) in overcoming
sample self-selection endogeneity and robustness to unbalanced samples, and the advantage of inverse proba-
bility weighting (IPW) in taking advantage of the full-sample information, to obtain a more robust difference-
in-differences estimation method without further trimming samples. Furthermore, numerical simulation and real
data applications show that the proposed new method can evaluate the effects of various macro and micro poli-
cies comprehensively and objectively, and yield credible causal inferences.

Key words: propensity score matching-difference in differences; covariate balance; inverse probability weigh-

ting; double robustness



