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Abstract

Water is the lifeline of human survival, economic development and
social progress, and an important material basis for sustainable
development. With the rapid development of economy and society, the
increase of population and the acceleration of urbanization, the
contradiction between the supply and demand of water resource in China
1s becoming increasingly serious, and the demand for sustainable
development of water resource, economy and society is becoming more
and more urgent. Strengthening water resource management, promoting
the rational development of water resource, improving the efficiency and
benefit of water resource utilization and realizing the sustainable utilization
of water resource are the important tasks of contemporary water
conservancy work. Under the condition of market economy, it is an
important measure to optimize the allocation of water resource and
strengthen the conservation and protection of water resource to carry out
the trade of water rights with the combination of administrative
management and market mechanism. China officially started the pilot work
of water rights trading in 2015, and this work has been basically completed.
Through the empirical analysis of water rights trading pilot policy’s effect
and its mechanism of action in our country, we can deeply understand the
path of water rights trading policy impacting on water resource utilization

efficiency, and this has a realistic significance to further improve water
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rights trading mechanism, establish and improve water rights trading
market, improve water resource utilization efficiency and make the market
play a decisive role in the allocation of resources.

This paper firstly reviews the recent researches on water resource
utilization efficiency, water rights trading and pilot water rights trading in
China, and mainly summarizes the shortcomings of the measurement
methods of water resource utilization efficiency and empirical researches
on the role of pilot water rights trading in China. Then, based on the in-
depth analysis of the concept and theoretical basis of water rights trading
and the mechanism of improving the utilization efficiency of tradable water
resource, the possible influence mechanism of water rights trading on
water resource utilization efficiency is proposed. Then, the relevant system
and practices of water rights trading in pilot provinces of China are
introduced, and the water resource utilization efficiencies of 31 provinces
in mainland China from 2005 to 2019 are calculated by using super-
efficiency global SBM model of undesirable output. At the same time, the
changes of water resource utilization efficiency in China and the water
rights trading pilot provinces are analyzed from the spatio-temporal
dimensions. Based on the calculation results of water resources utilization
efficiency, the regression control method is used to conduct counterfactual
analysis on the water rights trading policy, and the mediation effect model

is used to test the possible influence mechanism of water rights trading
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policy to improve water resource utilization efficiency. The conclusion is
drawn as follows:

1.The calculation results of water resource utilization efficiency show
that the average level of water resource utilization in China is not high in
recent decades in terms of time, and there is a large space for
improvement. From the perspective of spatial distribution characteristics,
the regional differences of water resource utilization efficiency in each
province are great, and the overall distribution state is “high in the east and
low in the west, high in the coastal areas and low in the inland
areas”. Temporal variation trend and heterogeneity variation of water
resource utilization efficiency in pilot provinces reflect the improvement
of water rights trading policy on water resource utilization efficiency to a
certain extent.

2.Water rights trading policy evaluation results based on regression
control method show that water rights trading policy has a significantly
positive role in water resource utilization efficiency of pilot provinces, and
the results of placebo test show that the effects of water rights trading
policies in four pilot provinces promoting water resource utilization
efficiency are significant under the 10% level of statistical level, and the
promotion effects are regional differences, Guangdong’s policy effect is
significantly higher than the other three pilot provinces, Henan and Inner

Mongolia's policy effects are better than Gansu’s, which may be related to
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the level of water resource utilization and the specific form of water rights
trading in the pilot provinces.

3.By examining the mechanism of water rights trading policy's
influence on water resource utilization efficiency, it is found that water
rights trading policy can effectively promote adjustment of water use
structure, encourage water saving and improve reclaimed water reusing,
and then improve water resource utilization efficiency. The mediating
effect of reclaimed water reusing is the highest, followed by adjustment of

water use structure, and the mediating effect of water saving was the lowest.

Keywords: Water rights trading; Water resource utilization efficiency;
Super-efficiency global SBM model of undesirable output; Regression

control method; Mediating effect
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PRI, A SCA D 7K BB R BLSE 5 5 M 7K B YA FH 003 (R D B A 2 A2

2. 3. 4 rhyk[E] /TR

HhK B AR VG KA JEIA B — e Kb e, mTHFREME. Ve, A D4AE
FEPARR K, REAKFATER K CEKD FHEN N EERT5K CRKD
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I8}, RO AR R KT B AR ROy K BT, RERIR TG KA
BREA . PRIEA ST 5 K AL B RE g & oK [ T 7T

KIALLKR, FEKRIEEEA G, 15 KM ARG, RN 25 K AR
HE RS KA B BERE TS 5, To/KHPBCR S HARYS, ZKIAEETS G n) s ™ IR
IRBLYIR G > FKBUEE LIRS (52 ) ks 78 0 R DL 1 /K BEIR IO SRR AL, I o7k
MBUHMER BRI, X AR KB & i 5 B8 T B CiK3AEL, B K
HEBUAT . IR, KB S AR S e, HKEBARI R 5515 LLR 3L,
ORAT FIHES 5 AR AL BRAT NV AR Je, D 1B SR B KA, IX S AR AR AR 2
BEG R BRROR, PRI KA B A, SEmio/KALEE AR, Mg st oK B, 5
EIEE K, AR KB R .
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3 REIZKR3ZZ R < SLR Ak FRF AR NE

3.1 REIKIZ 5N REE

RE M 2014 F FLEFHAENS S W HRM5T R 44 (X)) FREK
RS Gyl TAE, IRE Tl Jig bR IR A7 ke A K e 4 2
PR Gt FEMIRE @ b, JKRIES 2016 AFEEIR I RIS 2 B BB AT 75
VEY A COST s K BRI I e T R SRS, BERRE T KBUE B
KM, PRSI E SRS [N, SRmg (KO WA G Tikar %
FKBUZE M s H#E GRAT) Jpidi: HIR 2014 4R CEEIT R KBS
BEHARATINEY T EEE 2015 EHE i K ALRK R S HIMNE GR
AN TR 2016 FHIE (7 RE KB 5B EIRAT IE) . WS HIRIX 2017
ERIE (S E IR XRS5 & B IME) . KBS 5 BARSEE: |, 2016 4£3K
[ L 7 AN E K POKBE 5 G —— 1 E KBS 5 BT, SR 7T SR K ALRE
SEABRZEMEM. 4 MAE (KD WRYES B AR R KSR IR 2 5 itk
XS KR MAN ] T 3R, HEAT T & BAF I KRS 5 o

WS RUT R TS XK 5, 3 B AE s B T i A0l la), it Tk

=
s
N
g#
7-
H
ria
&
5
S
i
N
ot
IY;JQ
=
7-
il
R
e
[
&
Ju
B
=
7-
il
)
%El;
3
i
e
B

BAKAAE . 2016 € 11 H 30 H A S KB GAE i EKAE 5 1 6 5¢
AR X ERKBUATTZ 5 UK, B 2021 4F 12 F 23 H, WEEE A
BUZ 5 P 361 81 #1585y, A8 By /K ik 28.41 AL T K

T P T R R A8 AL T AN R SR T (B 7K B 5E 5« 2016 £F 6 H 28 H
TR T A S T AN T T A R R KA 5 B S il 1 4 ok s X K B AL )
2017 5 4 7 18 H, M RGH BAL 1 4k S 2 )5 B 2R A8 JOKBU i FE kA2
G~ G —— B KBt e ik oy, 32 A ST B K AL TR 25 AR K S b O W i e ik
W T 7 G ARSE 1R R 4 AR AN Lk AR, TR A i b B K AAE 5 e
SERRIIKBCE AR b, A 2021 4 12 A 23 B, gl o B KRS 5
AL 4 8585, L HKEIE 3.46 (LT K. Fi4h, 2019 SEAEENA (I
BANIKBAZ G E B IpE GRAT)), 3E— B HEBEAR OV KAAE 5 o

=
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HN B SURTEG SR I AT WAL K RS 5y, BITE “ =264 4R7
FHK S B P i T bm v BB P, K R b1 7 o) T A0 IR 55 b A b AR A VB FH K
AT KBRS By o 8 2021 4E 12 A 23 H, Hif@ F E KBS 5 Bt Rt isg
435 BT Gy, HAp XK B/ BUKAZ 5 2 B, BEMEFH K KBS 5y 433 5, &
25 7K EIE 0.093 145175 K

AR U IR B I RIKALSE 5 o 1248 AT AR TS B B AT R
¥, BRI A S FTIE AR TLIREIT SR iR KA 5. 2017 4
11 H 14 H, ZRITHIEC R T T R8T 6 22 2 Bt 840 F 7K
PEHFR AR A AR TR B AR bR AL LRSS IR M, 2 H &3 1.08 12
ST, SRBLT )RR T B AR R X KRS 5 SR

3.2 RABFFAYENE
3.2.1 NE5*

&4 DEA it MR, (ETHESORN 2 BN H, ARFE%
WLELBR, FLATRE A VLS B C I CR B . A TE IR BRI, Tone (2001) BUj s
TR, JEASE DEA AL, B SBM %, SBM AU i 2R ) v 58 T Y
P91, A SRR HE A IT, Tone (2002) P —H kg | #%E SBM #i
B, B SR A 7 s S A P SR I B AR, A 7= 28 R 7t El R 55 1
WER L B 77 G 1 RIS SR AR 1

AICET Tone (2004) PHRHEAEMIE ™ H SBM BAL, ZH NI (2014)
WIHE S AR EE 7= % SBM B AR, g5 R AR EE 7= HH KB AR 42 )
SBM AL, RUEHZAR AL 1 2 50 HE R 59, (HAE LA EAMUEE T 44 4t DEA 2
A o) R 7y BE PRI, T ELAT AR e T /K B V5 R P 8 8 A T L ol R, [ %
JE T A I ek — 2P EUBO SR SR BT o 2 R I A AR TR RO T B
A AR S R 5 RANEIIN, Zheng 25 (1998) DSR4t 3¢ WA AR I 7] 4% Fr) 2 Al
TERFE PR, BRI SCTE KRBT I P AR 2% R I AL A DAY

A n NG, BRI ICHI BN B AR S =
BRI AR X=(x,)eR™ . Y=(y,)eR™MZ=(z,) e R*" FRHBN. ]
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AP AR = R, m, s, 52 S0 RMRRBON S B AR B AR
AHATFEATREAE N : P={(x,0.z)|x2 XA,y <SYA,z2ZA,X>0,Y >0,2>0,A> 0},
T = ASED R FR KR BNACTANF R SRR R A T
AT RISE PR 27 AP AN AT, A=[4,4,,, 2, ] e R"FRMAR
i

TE BRI m) A 2% R, 5 AR I R R 4 J SBML AR
(Global Un_Super SBM_VRS) #1F:

G . - .
E (x’,y’,z’)=m1n L0

c

T
s.t. X, > E E Ax-s",Vi;
i At i
=1

T
zgozz Az, -5,9p; (3.1)

s 20,s, > O,S; 20,4, 20,V j,k, p;
s eR"HlS e R A BIFERBRIAE M= it R, s e RY FORMIE
FIBE, B FORIURI AR, (BT AR R Y A =1, B
BOER O MR 8, ek (3D i3 E R TET 1. HAh iy el

A JE I AR I T AR S T AR BAEE P H 42 R SBM A (Global Un_ SBM_VRS)
HEAE, AT
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1 &s)
ES(+,y',2') = min 11_.”:]%%[0
s.t. xftozizn:/lfx; v
apt
OPRIEE (32)
e
220=ijiozjz;j 5 .Vp
A=

1
s; 20,5, 20,57 20,4, >20,V4, j, k, p;

3.2.2 {EIRIEESHIR A

ACHETFHEKRE 31 NE 4 2005-2019 “ERTREGE, 2% EAE S
H B R 42 /) SBM AR AL EE /K BHR A FH R . FEREAIRIR b, R B4
 Ja iz F RNAFE BNE AL 7K A SE 5y BUR ST 7K SRR R IR0, TBOR K
AT BRI R T B e [l A s iy b ¢ e g Sl 17 AR FE 6 RIFTHULA RL
AL, BB e R A R BOR VPG G R, RIESR & 27 S Habn B 1 T 45
PERIFEAE I, 4% 2005-2019 FEAE AT T MBEAIHES B . TEFRARIEE b, BLA
SCHRTE 12 FH 25 RS AR ISR 1) DEA J7 VRIS X /K IR ORI, K2 T
Ji 8. BAMK BB = ZE N7 I HESE, RIS 25 & /K B I 0 Y0 A 858
sy, #57307). BAMBIKE ZRA = Z R A NBNIRFR, Kb X AR AUl
VENINEE ™ i 46hR, B AR HEAE AR = 142998, R 2% Bk SR,
5. AT K BVENFNTRRR, B X A P BB A N R = e ds, R
PRKHAFTBAE AR = th . BARSRFR UL a0 T

(1) FN$bR: AT . BARAKE. Hi, FahBARHAREX
ffi 31 44 (XD 2005-2019 FEetESFERMNAEFIR: BARAHEARFRER
7, TR SRAF S M GE T SRR B A A R E K 31 48 (XD B BT A7 24l
— MR K B AT VA B, LS R V)& 5L, AR T IRESE (2004) DA
TNEARBI%AE 2003 FBALER, DLOSHIGHE, L 2005 4E 9380, A 4 R A
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JiFEF (2021) PO bR T7 R F B E KRS 31 4 (X)) 2005-2019 4 [# & B 447 IH
AR 2005-2019 FHIBEAAF EAR : FH/KER AR E KRG 31 45 (X)) 2005-
2019 FFHIKEERIR,

(2) HAZEF= HF8hR: AR F LA 2005 45 A3 B BR AR DR 2811 S Bt IX A2
7 EMENE R T R R

(3) AR 4R R N ORIEREAII N Bl v 15 H e B, ARSCRAE K
HERBUI Ak 2 T 5 B (COD) 1R i & /K HE W 7= i Fe s, 124 b F
Kt 314 (XD 2005-2019 42K 462 T A B HBUS B R OR .

ASCHHE R B IR E KR 31 4 (X)) 2006-2020 F45iHFE %M E K G i1 R M

o NBRFTTAE, FBo Gk R R B A B AT M 2

3.3 MELRSH

15 % R AR A SR 77 Y R AR 4 Ry SBM AR TR 4 3% LRl 31 N4 43 2005-
2019 FHPKBRIEF FHRCEE, BTRERE], =% 3.1 F1H3RE KR 31 4 (XD ¥
S AR BIK BRI R M 45 5 o BE T BLLE AL, Ao i INESE 25 AN 4 1 4
Bt 1 R B AR K BHUER FH 28 3R MK ASE 5 U8 4 7K BE VR FH 2803

3.1 HEXK 31 B 0K EIEF R

B by 2005 2010 2015 2016 2017 2018 2019 SEIME

Jest 1.0060 1.0306 1.0007 1.0014 09749 1.0135 1.0705 1.0058
RE - 1.0287 1.0176 0.8738 1.0014 0.9828 0.9267 1.0503  0.9900
WAL 03416 03186  0.2948  0.3224 03366  0.3539  0.3808  0.3219
7§ 1.0020 0.3931 0.3436 03510 0.3644 0.3857 0.4131 0.4377
W 03614 03389 02883 0.3158 0.3274 03506 0.3760 0.3303
I 03845 03580 0.3370 03565  0.3651 0.3774 03949  0.3576
FHA 03437 02781 02565 02729 02780 0.2849 0.2888 0.2865
HOPYT 03555 03184 0.2765  0.2995 03043 0.3079  0.3304 0.3142
¥ 06855 1.0021 1.0024 1.0031 1.0003 1.0015 1.0361 0.9347
LJ5 04058 0.5371 0.6436  0.7906 0.8623 0.9410 1.0305 0.6181
Wil 0.4401  0.5405 0.5589 0.6494 0.7346 0.8448 1.0217 0.5835
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% 3.1 HEKR 31 BHKEERNARR
By 2005 2010 2015 2016 2017 2018 2019  “FHME

TR 03847 03256 03196  0.3264 0.3265 0.3297 03376 0.3363
fEE 04804 03806 0.3591 0.3689 03796 0.4037 0.4336 0.4009
PG 03437 0.3046  0.2983  0.3069 0.3142  0.3229 0.3299 0.3100
(% 03812 04374 0.5574 0.7375 0.8295 0.9258 1.0329 0.5669
WF 04376 03087 0.3125 0.3606 0.3947 0.4437 0.5025 0.3549
WAL 03108 0.3097  0.3059  0.3132 03170  0.3260 0.3374 0.3127
WIF 03429 0.2967 0.2919 0.2976 03046 0.3148 0.3302 0.3104
J7Z% 07249  1.0334 1.0018 1.0078 1.0021 1.0029 1.0339 0.9735
JPE 03069 0.2378  0.2130 02204 0.2264 0.2362  0.2510 0.2463
WE 0.5307  0.5353 04399 04813 04692 04629 04573 0.4926
HIK 04573 03986 0.4381 0.4639 04718 04716 0.4760 0.4258
PUNl 03021 03049 0.3187 0.3284 03391 0.3567 0.3850 0.3208
SN 03166 03040 02794 02776 02728 0.2696 0.2687 0.2931
=M 03116 02768 02331 02349 0.2382 02415 02452 0.2633
PER 11755 0.6285 0.6301 0.5944 0.5797 0.5861 0.6124 0.7637
BEPE 03658 0.3394 0.3357 0.3605 0.3604 0.3644 0.3656 0.3468
Hl 03566 03221 02922 03051 03107 0.3377 0.3751 0.3253
B 0.6393  0.5754 0.7657 0.8729 1.0054 0.9812 1.0311 0.7689
TH 03912 03651 03347 03468 0.3456 03499 0.3529 0.3602
FE 02842 02725 0.2300 0.2322  0.2296 0.2297 0.2307 0.2547
SFIME 04903 04545 04462 04775 04919 05079 0.5414 04712

T BT RRIERS], RS2 Hodl .

3.3.1 BE#EaB TS

T3 HRMEEREIR, T VR E K SRR SR P E 4y 047, H
KB UER F R R LG R ST IiE S, BL 2015 AP0, RIEZK B
MR EIME M 2005 4R 0.49 NEEE] 2015 F1) 0.44, ZJEBFERE T,
7E 2019 Rk 0.54. &z, Tk ERARK TR RCERTA B HR T 2510

NS R HARAT R 44 (X)) KBEFACEE L EAE (E
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3.10, BB T AKBAE 53 ik A8 0 IR K B R A R AR ARt a3 . & 3.1 s,
Bl (X0 KBEM AR AR E T MEIA, T ARG KGR
FIRBCER R a7 HoAh 3 MR, A 2007 SFEITFIREEA AL T A ROKF. 577K
AL, PSS TR AH T K SR R S AL RUIKT . HARE TS DL
FARML, SRR BSERE)E TN AALE S

1 Lommm == e T Tl
K
B
oy
= 05 f
R )
X T
0.25 L
2005 2007 2009 2011 2013 2015 2017 2019
FEy
_H)ﬁt\f ____f‘;ljt\ ............. {ﬁ“‘—j’q ..... W%ﬁ

Bl 3.1 KRZHRARE (X)) KRR HBRZLES

BARKE, | AR /KEIERFHERLE 2005-2007 42 EHEF, M 2005 4F
[ 0.72 $EC 2 2007 FH 1.01, BEDKZIEAHAROKT, HI 2007 FH-a65
RYFFAROKT, BIAE 2014 FHIRE FEEH, H 2013 1 1.00 FE=E
2014 11 0.94, {H 2015 F XRFABHROKY, ZJGKIRIFEAZUKF, HE
M BN TR . 2015 KA Gk R TAECIERIF IR, AT KBS 5
WK W] e XS K BE VR F o BAT SR FHER .

T B B K B AR AE D SN ARG 22, 2005-2013 4[] L2388 4E T [
M 2005 1K 0.44 FBEZAE 2013 5211 0.29, 8 4[] N FRIEE A 34.09%, M 2014
IR T, Se i 2013 4R 0.29 2218 ETH2 2015 41 0.31, ZJ5 M 2016
IR K IR R R . KR 2019 519 0.50, 6 FEMIMKIEE N 72.41%.
BACRE, T REE K BEIRA I ZCR A 2005 4Ef 0.44 BEK 2 2019 £ 0.50, 3
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KIEFEN 13.64%. #E—0 507, WA 2016 F5E T HREB KA S, TTEE
SR BRI F 2R R IR SR T B B

PN 52 1 7K S VR R FH R AE 2005-2014 4 (8] 18 2 BN FFash, Hd 2005-
2010 FFZ218 T FE, M 2005 4E1¥ 0.36 T FEZ 2010 4E11 0.34, 5 4R T IR N
5.56%, M 2011 46 FREEHAR KR, 2010 £ 0.34 /0% 2014 4117 0.29,
4 AT 14.71% A 2015 SEFFAG, TR B IERI I RBCR o Nig i g M K
#, H 2014 0 0.29 HKE 2019 41 0.38, 5 F[AIEKIEE N 31.03%. FTL
2015 AR IE UTF 46 1 St K AUAE S5k s BUR P REA 0 i 1 N 5l (K B2 R
E

HA 8 R BEIEA I RCR NI 2005-2015 4R (6] PR T %, M 2005
I 0.36 TREZE 2015 4E [ 0.29, 10 4E[A] N IR N 19.44%. M 2016 “EIT4R%:
N BT, HAeH 2015 421 0.29 2218 EJHE 2017 41 0.31, 2 4E[A] b THiE A2
N 6.90%, ZJ5H 2017 41 0.31 Kii_E7HZE 2019 41 0.38, 2 4 (8] FFHIEEA
22.58%. AW, 2015 4 IE AT UR /K ALSE F5 12k s RN H 7 48 7K BEUEH] F &R 1)
RIHERRe BA — e 5 tt, HECEBRZ S B3 .

3.3.2 FEDHHFEST

B2 K BEIER SR B AR, FRIE 7K BRI F R X 72 e 2
FEEI =R G Db R TR B NRER A TR RIEE K
PR e i T A, IR — EYERFE R =K DAL WAL
AR AR AR A8 3 /K BV R P AR AR B BN — 8 1E 2013 2 RTE
PRI, A 2013 RSP ARIE KRR B AR T, 2019 R34 BI/K BHIE R A 2K
KA FAh &8 K SRR P 80 2 UK T4 [P 3KF, BOR ARk I945 B 2
JESRT, HACRAERE, KEEF R T 2 AR

R %48 K BRI F AR S5 2R, 23] 2005-2019 48 %48 7K BRI B &%
FEMEHAE (E3.2). B 3.2 P, dbat. REE. 7R, L, 1075, WL
AL ZR S 285 0 1 DX /K B2 YR FH e HE 4 SE T, R RIE T 25 R e RGeS
T AL SRR T K BEAREL B, AR T K R IER . 74h, Bl
FE K TR FH R P EHE A AL T AT 51, BRI LAR K BE IR R KSR T
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BT RGEMX, mTaEZHE G, A R IPE NEK SR R s T4
R AL, AT 7K 53 5 B MROR 7K B3 50RO 3R T B BRI A2 e/ E T

}_‘ﬁ 1 1 1 1
0 0.2 0.4 0.6 0.8 1
2005-20194F /K B I8 R FH R~ (E

B 3.2 2005-2019 FF54 7K FIEA R -FIEHES
IR ECBK AL 55 BUR S 3-8 m 8 (X)) 7K B F) FH RCR ] Be A7 AE 1 25 ]
SRR, #H P E A A (X)) M 2015 SEHUE A 1 /K 85 A FH 3%
B RN P KR, Rk 3.2 .

3.2 2015-2019 FAKBAZ B RAE (X)) KEFEMHASRELBER (%)

A 2015 2016 2017 2018 2019
e 0.4492 9.5452 3.6847 7.0901 7.2227

e} 2.6983 15.3855 9.4547 12.4043 13.2463

Hl -1.9610 4.4426 1.8158 8.7067 11.0722
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SR 3.2 20152019 FAKNRZ G R EE (X)) KEFREFABEEKEBER (%)

ey 2015 2016 2017 2018 2019
IR 6.1251 0.5990 -0.5653 0.0729 3.0957

4 [F -1.6947 6.9984 3.0163 3.2586 6.5876

Horb, SR AN R K BN I RCR G R 2015 SRR IG 2 = T 4 [ T2
fCE, FHEIFRETHIRAE (X)) HRITRRZE X, BiREKREE S,
KB S &R, BRI 1 H R K BEIRA R A 2016 ST 05 %
NTE, HAE 2017 FJa /K BRI RCR KR m T e E PR oK, XEZEAET
— 7 H R X ALARR B, 2250 R B IR, KBS HBOREE R A — iR
e, 57 T H R 2T R AL K TR R KBS B, BB AL By Bt
/0Ny RERBEIEA FHRCR 5 THE I B BARE A BRI T 4K R A 2L
HIARAE 2015 FRF T EETEIERE, @RI 1 KBS 5 B
Ry ZIa A FR G AR R AR BRI, (HAEEARDIE OGS, WhE
T O ARA K EIRA AR AT AR, PRI R T EE 2R
AL CIET, 55— 2R B KA 5y SRR, B JOKBISE S (E 2017 4
JEEA 58 G, K BEIEA R A G I ROR B I 5 2 — BU a] o P23 5 & il s (O
K BEIER R 1 TRl A A a 5 o fr— e R B A — Bl

By PR (X0 K BEIEA HRCR AL o] IR,
2015 SFEHEATHIZKAUE 5y il mUBOR VA K 22 e i B KBS 5 i S 46— 291 58 3
KA EE  HEATAKAUAE 5« 85 8 KB 370 IR SO AN 8 Tt A2 4 3 PR K AAE 5 5
BRI FII xS B A 0 K B A I RCR T e BAT — AR . 28T
R AT HFAS R LAE B ZK B 5y B 1 48 43 7K B FH R IR RS s, 421
SRS 3a F [0 VA 92 35 2 B VAl ZKBUAE 5 BR824 7K B R FH 28R 1
ST, I3 T RN AR R e 36 W] E A2 HRZ AL o

30



=MGERFMEFALE FREIZKANEE 2 BERRSK B IR FBXERRIS IR 5

4 7R3 5 B SR 3T 7K BLilRF FA 3002 ST ite S i B SCE 43 4

A BRI B R A VAT KA A 5 1 BB 7 B M FH 2003 (10 SI2 ot 52 i LR
56 T BEAF AL IR FH A% o KA 5 O A — b SEBI /K B A P 280 i Ao K AL AT
A BT 37 e B /K BT B, o B [ K BE I R 5 SR R e A AR A
IR PG ZKAAZ Z 1k e BB ZSOCR Ao 8 v e L 7 B 50R) P 208 DA R A e [
IR 5y B IS 3

4.1 IKI3Z 5 BURR 7K R T AR SC e R 53 4h

4.1.1 VMER=E

5 I VA 74954 WU 22 47 (DID) J3: 1 43 B )15 ( Synthetic Control
Method). REXFIMITERS Z R, (0 AT IRIE, Hp oW %
I T B AR B AR R, 2 OB S 0 M LA A2, DR BUAR 2 e Tz
B B BIVE RO R PR ZR A AR IS 0-1 2 18], 4 TEIER B 4 i pLE
HERIALEAT BT LA I 075K . Hsiao % (2012) USHR H— iR Fi
BOHGIR fHF S A EMCR AT 7 1%, 44 9 18] 142407 (Regression Control Method ).
T B AR BIVEEAT B, R B T D (B CRAT A, BRI REAN
S e (2021) CSSEIHT 7222 W1 ) HE A UL A TR BT A gz b,
i EL LA 5 5 0 TS A R AR S R [ A 5 AT AR 5 B R AT
fio

[ A P AR S AU KB ST A BT, oA RSB SR FY
o GAE I, T SRR R AR RIBE “ LR 7 AR R AT
AFAEARTHTAN S DRI T LA PR B8R 2 A O AR SR O M 6 A B AL S MRS
R, LAULAETIBORAN . BT, B (=1 S0 T
B, k-1 MO S ZEE, PYA Y 23 BIZORH X i 7EAR SR 5L
R S PR BRI, BORLE Tor1 (1<T, <T) SEMi, BFFCHLX g i=1,... %,
BEASIE DA =1, T BURSSHEML X (ELHRACR: A, = B -B) (1=T,+1,--.T), 3
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R IIME, B TN . TR A I R AR SRR HIX 1 RO SEEEL
AN R RN, |

Pl =xpB+bf +¢, (i=1-kt=1--T) (4.1

Horb, x, FoR Mo ER] WA &, gy M <1 4EE R E, | LR FEN Y
MAANFIANAR T N <1 4E “ILRIET7, b, AR N <1 4E <R3 7, R “ 3L
K77 WANFAME IR, 6, sERENLPEEN T, L3 24738 e m] i B A AT L
Tibf, 132

Bl =5+dz, +u, (4.2)

Hr, o &EHIT, o, AFEIISNT, 2 &z, =(P,. . P,.X,. X, ) THAE
=T, 2, PECER AW, AR — T E I B R L 2, IR [l
WA G R EFRAUR HEEOR ) “ R FSLEE R By, B G THECRAL BN .

AR TEHAREIK, % T Lasso VETETHE VR 248 G AR Sk £ 7 30
e, H Li A Bell (2017) ROIHT TR ML m4E80ds N Lasso J7iEiL#E
z, R E W5, RUA SO Ry S6ig ] Lasso 772 B9 2L 2, SR G Hidds AICC
EEENEIRAL 2, 2 JEHETBORSEAT (=1,...,T0) WIEFEN T2 (4.2) it
AP G, A9 B BOR S 5 AL R« S sEaE AL

A

PN =548 7 (I,+1<1<T) (43)

FEEA T VR RIEE ., BT post-lasso OLS 7774 A # ] Lasso A1 OLS /512
BEATENE, AR AR, TR KA T S A R R E X R AUA R
R 1 A2 (B U 428 132 R T VP08 I SR AU () O, AT L AR 32 post-lasso OLS /774
flitt “IRERGE R, w5, PIAFBUR S A BN Al THE

Av=B'-P (t=T,+1,---,T) (4.4)

4.1.2 $EFRIEFE S BRI AR

AR EBUR KRR “ S SEEE R AL TR BRI G RBOR, A SCIE IR K
BEER R0 B R R AR ) A o B T AR BRI /K B YA FH 5 5 i BT 3R S
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Bk, RINGTER AT NI 7K BEE B IR 7 b 25 28 DR 3 3 2 5 i 7K B 5
FHR R 140-3661.62.66.98] - JL PRI TR, $ A8 B AR D F R AR B A T

(1) GHFRBKT: ZEMFREW, G5 R BRI mK R R
REZENHE R, H— B AZTERJEIKT R 7K BRI 280R BA TR m 2 E
10551 Sy i 2 B R e AKX K BRI F R IR, AR SCRFH BA 2005 4F 9 5%
RGBS s b [X AR ™ B s 1 X 28 50 K JE /K P

(2) NM: BEEWE R, N DERE SRAKAER, WK
PR AR AR TG R T AFR R BRI T 23 B /K SRR R L kR 01, oy
RN VR 3068 7K BRI FH SR IR B2 ), AR SO BRI AL SR AR AR (N IR
AHOHE.

(3) KBRS EEI: 7K B2 Y B IGONT 7K B2 J5RI FH R0 11 5 i X1 b X AS [ T A e
ZE 5, —MOA TR K B B IR AN K SRR 2% 2 AU OB, T 3R E vE AL 5
Hb X f9 7K B9 S5 7K B R FH 28R B AR SRPS), 7 oy 43 il K BV SR 7K
VIR R AR, A S P /K e B K R I B s 1 DX K 8 R B

(4) PENEEHe s S X K S 2 32 B g5 e R BE (e, 1 = Mk 4 )
AR B R 1 K SRR RO, BRI KFE L, KA R S ok 3
) FH 25 2R (62681 Sy il M 5 ) o 7K B2 YRR FH AR IR s, [ B G 22 R k2
Mo, ASCEIE—. b2 X A= S E I L EE R R X b 2 A

PA_EAR G FR AR EE 3ok E 3R IE KRS 31 48 (X)) 2006-2020 44 47 %A1 H X
Giit JR .

B J 6T R 4R A AL B AN KBS 5 BURAE FH I RO e, RS 2014 4
WEFRHAE 748 (X)) FFRAKBEE 5l i TAE, H 2014 4 10 HJEHT &8 B4k T
TETRAUME, HATENSE N W BRI R 448 (X BHT/KBEE SR
Mo WARSCH SR TR HONANT RN B, R 27 AN R s
4, LA 2015 KBS Z A I sOT FERIEFE

4.1.3 SEUELER S

[ 42 35 A% o e A 3 LR BRCHOR AR T 5 A B R LS A& ROR R AT 1Y
“IRESEAIR . FET KB GBS R LTI OREHE , ARSCE Seig ] Lasso U7
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P AER 4 AKBEEGIRAE (X)) 1 “RFLEER” WA, SRI5RE
AICC 15 B HEN 52 AR, 2 J5 43I BL 4 ANl (XD KR IR R0R A
WifpR e, % HBBE R R, R post-lasso OLS 7740 645 27K AL
AEGBUR KA SR (DO IKRIER RN “ RFLRGER”, R
A RIE 4.1 fror.

K41 KB GBORLHRT SR EE (X)) KEFFARE “REBLER” DEMR
e A AT & s P14 R
EFKBEEFMAZEE 0.2086 0.514
Ly P8 b XA 7 e -0.0000 0.746

P 5 K BN F 2 o N 0.9949
HEEKEIEA AR 1.1408™ 0.001

A -0.0227 0.860
T — P B X

\ ‘ L 0.0806** 0.000
T R 7K R 2% A EE 0.9699

A 0.1825™* 0.000

e EEAND 0.0000 0.824

T K BIRR R 0.3345 0.107
Hil K& IR 3R MR YN -0.0002 0.448 0.9922

R K BHIE A H 2R 0.0631 0.315

I 1.1080 0.316
TE /K& -0.0067 0.246
YLV EE b X
" 0.0149 0.159
I 2R K SR 2 T RMA LR 0.9370
LT RHKE & 0.0158* 0.037
A -1.5677 0.120

TEe ¥, R R RIEEIORIE 10%. 5% 1%K7KF T B %

I Gy BURSEHERT, WAl (XD KBTER R “RFLaiR” R
EAE R 2 AR A A BOR R AT IR, kS “ RF s R
B MUY v B AR AR B ) S S5 AR B, e AR (R B AR ADL A 17 0 PRA BUR R
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REHEE, WL 41 W LLEH, EKBEE S BERSERET, W5t W, HlA
7R 4 NIRRT AAE (X)) “REEGR” BRERIIEIRE R? 44518
0.9949. 0.9699. 0.9922 £ 0.9370, FHEIKBAZ Gk ma (XD KB IEF R
B CRFEGER” H5HIEMEER S, RMEAEREE, [BAEHERT
AR HER VAl 7K AL S 2 BRI RBUR

FERBRPEA RO “ RRFSEEE R 5ARSENE RIFIFTR T, 3 5xKH
post-lasso OLS J7EAl v 7K B 5y R S 5 # ik il (X 7K B IEA F 2o 10
SREFSETNAE, T RF LT R BB A (XD 1R R KL 5 BUR 1
BN 7K BRI FH R AL VAL, A1 e S8 S Tl A 0 S 1) 22 B8R 7R 1 7K ARLRE
GBGRIERRR . il aid (XD KB G BORBNEIR 4.2 i, %A
A (XD K BRI F R0% B S AT s S TME A 34 an 18] 4.1 s, Ho
TARFR ARG (DO KB MR EIME, BRI RFELTNIE, HEH
T S 7R AKAAE S BV E R, i B A 4 /R BUR A FH B SR — .

K42 KB HRAREBBORIR
I 1] WEH o HIR TR

2015 0.0141  0.0283 0.0015  0.0694
2016 0.0394  0.0789 0.0156  0.1620
2017 0.0543  0.1389 0.0275 0.2264
2018 0.0779  0.1871  0.0577  0.2628
2019 0.1023  0.2152 0.0962  0.3546

SEHBCRBCRE 0.0576  0.1297  0.0397  0.2151

HAARE, AERBUC Hy BRI USE RT3 S K B I RCR I sk 4
R WAL R? 08 0.9949, WARHCRAEH L, K 4.1 BEWER 7 ¥ miiorth
R VRIS, R “RFESRER” e I T WK SRR R B E T
BT, KIS DUANE AR - 2015 SRR Sy R AR AUSE e » © S s ahi AL
SR YN IRV E SN IR ST R it S Sl N e SR DR Y A
FSK IR PRI if BT I KR 47, R WKBUE 5 BURAT g e T
SO K BIRA AR . R 42 B RIR, KBEE 53 e N 505 7 AR R BURBCR
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M 2015 £E (1) 0.0141 ZBAERGIIE] 2019 41 0.1023, 2015-2019 4 8] 3 BUE AR
4 0.0576,

TR TE KBS 5 BUR SE T, 7K BEUF F R B  TRE, “IREFSEEE A 1
AR R? N 0.9699, WEBHRREF, B “RFFTER” REFHEH] T /KA
AT by B ST TR R /K BRI FH ORI N B . I 4.1 BraR, 2014 7KL
Zyifd mAR O B SR BRI I BCRE FE TH, AR 2015 SF/KBUE 5 BUR A
IESEE, HOK IR RO RIESR T, 1« RESLE R N— B2 &
o VLA ZKALAE Zy B i il m K BE VR F o B BB R AREH . S5l
FA, £ 4.2 FOKBUEE i SAE R R PR A BRSO R BN IR AR 283, M 2015
TR 0.0283 BB INE] 2019 £E 1 0.2152,2015-2019 45 [0 PRI BUR MR A 0.1297.

55 P 5 ANVAT R ARALL, HORTE KBS 5 BUR St AT, 7K B2 5 R A0 [ e 2
DUBE TS, “ IeFSEas B LA IR R? 4 0.9922, & BEEGE, R “Ix
FLGE R RAFE M T B SOK IR RS R RmEs. K41 BoR, 2015
TR GBUR LG, “RFSLGER” MAERFZE N, Sk R A
FICRAE 2015 48 )5 BB, Ui BIZKRAE ) BUR BAR R H i K B2 R0 1
SO A — e R 1, AR BRI VK BRIEFI AR . AR 4.2 B w1, 7KAL
A G R AR B R A I BUR R M 2015 4F 1) 0.0015 3R 3G N £ 2019 ££11 0.0962,
FBIBURRUR N 0.0397.

i 41 R, TARKBEFMHICE RGBS S HA 3 MRS (XD #k
ANTE, A 2005 FERFIRTE, T ARZK BRI R B AR YRR /K SRR A 2K
Ko KBRS Gy BUR SEHT, “ IREFSELER” MILEREE R? 9 0.9370, UERR
B, “RFLEER” HAREH] T ) ARKEIER BN ES . 2015 FEKAL
LGB IR G, “REFSELGER” RIIRE T, iSOk VR L
R EBIRIE 2014 4F BB FRAK, 15 2015 4R /KBUAE 5 B AR Sl 15 L TR 42 7 2]
AR I LI PR BT AR S, U ZKALSE 5 BURA T ZR /K BE YR FH 2%
FTHA—ERFHEM . FIFE, R 4.2 8RR T KBEE G SO T 4 K B2 R
R AR B A B I BUR RUR, M 2015 4219 0.0694 B A-3 £ 2019 47 (1) 0.3546,
FRBORRIR Y 0.2151 .
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© | . 0 ~
a1 —— o — HYH
0| === RSB 0| - BT
FYRRC 5 <
X
B B
% o %
o]
N N~
2005 2010 2015 2020
Gty
M5
«©
81 T —— U
S A
E; < &
5|
E o E
% =z
= o =
RO X
N
X o] ¥ @
&1 ™1

2005 2010 2015 2020
i

J7HR

4.1 KBRZHERE (X)) KEIREN MR A LA R F L E AR

4.1.4 REMEE

Wt Fe 45 AP R KL 5 B A g i 1 2l 8 (XD 7K BE R RC%
SR, ZKANAE By BUR St fe , — e AU K] 2% R ] e 5 B30 0 S /K B IR FH i
5 CORFRAER” WE N T HRHAME R T RAEANE, Ao Bikgs Rk
LTI o

IR 2 Abadie 55 (20100 M H K — Fh SRS 30 1 HE P A BaE, &
AR R TE B TE 2015 3 SEHE T /KB S BUGR, 8 IE] A4l
WRNER) CRFLRGER”, TS AR TIRIBERR, IS5 EA 0
BURBR AT LR, AR R A i BUR AR /N T R R BORRUR, MR EK
BUAE 5y BUF AR AU 1 /K USRI SR 3R A AR B3 . O T kil s 8 i UK
HORMGETE B M, oL — B R ECR U g B M i e ds, A0 T

p—value(t) =%izk;l(
b,k AR FEHIX AN, IO RS, 65 NSRRI 4 4 1

A

Z&n Ef Z&U

}t=7;+L~3T (4.5)
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BURACR 5l fi8 10 HSEBURFCR LR, mPira A, AR E 0 IEUk
BORAVN TR B I BURFCRI, Ve BUEDS 1, BI05 0, BRI RAR A

A BUR AR /DTl | A8 Iy BORRCR )”JJNE%J%, ASCRARYE P AR

PR AL 5y BRI R A8 17 7K B3 U5R R SR THRACR 1 S 25 KT

[ AP EOR BUR R AR “ SRR s2 gy 7 AR A RIS RBCR,
FELZRFIRIR T, —MREA TR Z (MSPE) (HATEIX — SRR KA, K
TR RGBT I HER P, FERRIU G ROR B2 B B B X XA 36 45 2R 11
T, 75 R A BN MSPE (B RIHIX o BRI A SO %3 s (X)) KB
Gy BUR St T AN R LA 1 0, 5Bk MSPE {HECK By, A& B 25 R
N 4.2 fizs. HREROKBEE HESFHA RS (X)) KIBERAE RN, K
LRI IKBUE Gy B ARl i 48 03 R 22 BEER RONE , T8 B R R s BUARA R I s il
— 3. DRI KAL) BUR R 55 48 13 7K B IR FH GRS THROR [ 8 22 KT
AP TR ECRRCR Gt B VR TR bR P AE, 45 RINE 4.3 PR,

A

2
|

Ab RN N
e ;?’%f;‘fu%ﬂu\v I Kb 38 T
=¥y R = SR
= "=
e »
;2 ‘E
0 RO ngmmmsa=
B =
= 4
T T T T : T T T T
2005 2010 2015 2020 2005 2010 2015 2020
AR Fh
S ]
= ~ KT R
R E AR
2, SRR B o] SRR
o9 &
= =
i & N
o &
2l [EA
& o §
BT o
& =
T T T T T T T T
2005 2010 2015 2020 2005 2010 2015 2020
Ay Ep
ENZi 7R

B42 KBREZHHRRE (X) ZEFRE

HAARE, KB Gy BUR SR, S0 1 SR s ai 7 R SR U5 2
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FAEH 4F, MSPE %N, HILGIFR MSPE E#E A 10 &6 Gt 12
Ao HHE 42 FIET, 2015 SEHT 44 7K B 0% 0 2 BEAR SRR BEAR ZE AR,

HZKBUAE GRS 5, 5k 5 Hth A8 0 ZZ BEF IR 1B AR K, HaKALSE ) B
Kb FR A58 e T A A 4, B ZKASE 5y BUR AR T 4 52 ki 7K SR F ke A i3
AR A3 GR, KB G BRI EE, HRHA 116, R 6.25%HM4
o I PN 5 K R IROR F A0 LB RN “ IR IR 2 [ ) R AR S 2 R,
A LK BUAE T BUER f P9 5  ZK B DR FH B8R IR RUNETE 10% FR7K T T i

T A KA AE 2 BUR SE M AT “ S sah i RSB 4 1 MSPE {4
0.0001, fEZIBREIEFE 2 fHE G (L8 Ay JEE KWK 4.2 Fix. 2015 441
HAB IR GIRR R Z PR B ARAE 0 M sl H 22BN, 2015 SRR
GyBUR LG, R HAR G A AT B BT L, AL B AN = T AR
1 22 REFINRONE, 2 BHZKRAE Gy BRI B 7K 03 U5 P e OB R ARy, 45
HR 43 4R, KBEEGBORBRBEZFIKHRE %1032 H I rE 7K
PR A% LS AN “ [ SEEE R 2 IR AR 7R, MUK 548 il
TR UEH FHROR BN S%MKF TR,

HIRTE KB EE 5 BUK Lt T MSPE BAR /N, 5 58 d 2L, [RIRE S B i
10 A (3L 16 ), SERWE 4.2 fizn. 2015 FERTHR “ xFsLg R
A SEM G R L, &K GHERA BB SRR, ¥ PARTE 0
BT IE, 2015 FRRAE GBEETM G, HIR7KBEE 5 B AL BN AR P E T
2 RIS HLZE BE R OR, B AL T 848 2 R FRIRRE 7, R 7KALAE 5 I
SEESR S T HARKBER AR, 456K 43 4558, BIA 2015 FRABRNA
R, (A 2016 FIFURALEG RIZEE Y HA 8.33% MMk A 2 I H R 7K BE R
FIFBCR B SE R “ R FRgs 17 2 (AR sh 200, DRt H R 7K B2 J5R 20
PEmAE 10% M KF T R3%.

MRS, KAUSE 5 BORSHERT, “ [ seas R 7 MESHEM S MSPE
B4 0.0009, UEBRELT, HIF MSPE (HBIL) & 2 A6 L 74 55
R 4.2, 2015 40 &48 K GHEF R I 22 B AR B FEAYERFLE 0 R, 7K
RUAL Gy B S5, A BRI 3 v T 2 BRI RO, HL 72 BB AR K, R IR AL
GBURSRTT AR BHERI I RCRE B3, 46K 43 45, KBS 5Bk ab
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MNIZEIENY, HRA 4.76% MR 2 B 40K SR I RBCR S “ xe$
SCEER” (R E AR, AT WK S BORAE 5%7KF N B AT 1R ) ARk B
PRI FH 2805 1 2 K

K43 KRR GAREDBORBR BE AR
SEE] N Hil R
BORRCR P BURCR P BORECR  PH BORRCR PHE
2015 0.0141"  0.0625 0.0283" 0.0500  0.0015  0.3333  0.0694™  0.0476
2016 0.0394"  0.0625 0.0789" 0.0500  0.0156"  0.0833  0.1620™  0.0476
2017 0.0543"  0.0625 0.1389" 0.0500 0.0275"  0.0833 0.2264™  0.0476

2018  0.0779° 0.0625 0.1871"" 0.0500 0.0577° 0.0833 0.2628™ 0.0476
2019  0.1023*  0.0625 0.2152" 0.0500 0.0962* 0.0833 0.3546™ 0.0476

e xR RIIRIRTE 10%F0 5%PK T 5.

P 1]

SWEKE, IKBUE Gy B R R N S0 TR HOR AT 2R 4 N als (X0
IKBHIEAN BRI BORITE 10% G801 K-F N 23 . DR 4.2 -l
A (X)) MBCRER RN, FH4ER 43 R AE (KD FEBCRAR I BE
PEAT R BKBLAE 5y B i 48 43 7K B R A FH 28R R BURAOR B AT X = 5
M, Horb TR BORBOR 22 & T oAt 3 ARy, T A A 52 I BOR BOR
B, HRESRACR Rb, ATRE 51 R 00 7K SN AT AR BE 5T Je
HIRARIE A AT K | RGTT R KT R, IR T, B = RATRE /)
B, BUK KBRS EHEE, Wk 2060 11 375 B0 B 7K BE 5 1 B AL Jse L Bk,
HJARIK BRI AR C AL TH BOKF, AKBUEE S BN T 28 /K B 5 A I R 1
M5 FA 3 MR A, B2 B K SRR RCR BRI, DR 5 A 3
MR B M BOR R R Z 5. R S BKUE Sy BURBOR L H R
FJBE AT T R AT P S8 RO R R 8 DXk BRI AL 5, BRI 5
R HK BRI B AT 5%, 10 H A T2 BT R AR T 7K 18] A KL 5 »
BB, HIKGEIR A IR AU 73 BE, SO K SHER AR 452 T H
FAXFBUIN o 1K — 4518 5 L 30l m 4 7K BEIER T RCR B S i 0 B — B
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4.2 K3 5 BERF 7K BRI MR ER NS IE

E R SR FU AR K ALAE 5y BUSROR 3 vy ik s 8 7K SR A0 BoAT 2
RN, FRAEASSCERR AL 0, ZKALAZ Zy vl gt K S A iR 3 L 57K A AR oK [el
FH =T e S g AR K SR GRS B ORI IX = PR 42 2 TR A7 1L

4.2.1 HBQESTEIERN

(1) 28RS AY J A6 7532

HH A 24N e - T Baron A1 Kenny (1986) BlEH, HAK®RIAN. EHITHE
A XM RS Y ISEIART, iR X DU E MO ASREEIE Y, RR MO A
AFEEISOL, XA AR X Th A AR MO RIAS R Y P AR A T AR SR R e b A 2%

Bio LERTA AR ORISR, AR R Oy R A R T R A ROV AR
Y=cX+e¢ (4.6)
M =aX +e, (4.7
Y=cX+bM +e, (4.8)

He, 77 (4.6) R c FnEZE X MNHAEE Y RSN TR Q47D
R a FoRAZE X RN E MW R (4.8) RE b RRIEREHIAE
BXREmWE, PAEE MEARE Y N R c R EERT N E M
NS, BASE XX EARE Y M EES: e-es BN, B8, AR
LT RBEM B axb, HEBEEMNZ AL GBS, AT RRA:

c=c +axb (4.9)

H AT I0 s A 3508 B FH B 75 V2 A 56 R BRI @ x b, — AT 49 4 IR AG:
IR EBAG IS PR . [A)8246 3692 R0 32 H] Baron Al Kenny (1986) PR H &5 ]
RIEART IS AR, TR AR TR (4.6) REL e MBFEE, SRERIKKER
TR (A7) R a MTRE (4.8) RE b EENE, WMERS . o B b #EE,
HARH| <|e|» M ABN AT 25, WTLARYE o MBS T A RS e
RN, R cHT 0, RFELAN A 0, MEZE X BT TE2E
WA AR M ORI AR R Y, BRONTEA TR R AT 0, RIEE

c
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RNASg 0, BIE AR & Xl 5850 5 m i AL & M ORI R AR & Y, AR AHS 5>
g T B A ELIERG U6 H, caxb=0, Sobel (1982) R M (175 15 H1
THEZRRIX —IELM LR, AR TR, Sobel V2% MR /1w T& LA
PRI, AHRAZIVEEE T RIS, (A AR AT, HARIR S Rl A
HEf, PRI K 2 B A8 ] Bootstrap 1848 Sobel 1EKI: oA FURi s 1415,
Bootstrap /& — M R EEFEAR P E, %0572 JFIAFEAREA Bootstrap
A, N SR R — e B R R GG R A Y Bootstrap FEA, AT 45 21 AH 7] %5
B RBCRARTUSG THE, KB HEUE AN BIRHES, AR 2.5%F0 97.5% 53 4K
AP RECRI I axb K EAE A 95% MBS XIE, AR EREXEAL
&0, WIFRR RO EW, ZIERCNIES S 74 Bootstrap 1%, &
TFREABAKIIEG, HAGY 15T Sobel K233, T AE3 % H 447 Bootstrap
PR 545 SR AT REAFAE R 25, Efron Al Tibshirani (1993) MOV F fli 248 1F 5
hni#E (BCa, Bias-Corrected and accelerated) FI3EZHH 4347 Bootstrap 3% 14
RO S it G 56 o

(2) BRI E SR iife

ARSI R R A RN 53 1T AKALAE G st 7K B2 U5 R FH R IR FE AL, 2331
B K MR (WS). Tk (TW) FrfoKIal A (ST) e R R IE
YEM o N T AR A B 22, A0 AL AR B I [ IR 428 f1) A [ S 28R A I T[] 5
BN, FEIMNAE 1A 5 DUORUE 7 FEANAAAE A AR PR I . FABRU M 40 T -

WUE, =aq, +aq, treat, + Zcontrolit +a,+9, +¢, (4.10)
M, =b,+b, treat,, + 2c0ntrolit +a,+0, +¢, (4.11)
WUE, =c¢, +c¢, treat, + OM , + 2contr01” +a,+0,+¢, (4.12)

Forr, WeARReAR B /KBS I R02E WUE:: 120l AR B N /KRS 5 BUR
REAL T treaty, B AU RE SR B8 AN ZKANAZ By TS SIE it P 1] R 40028 3
R i I ¢ SERKBUE S BRI Z AR &N 1, BN 05 Mi Ko 38
&, BEHKEH (WS) &R, K (TW) ZEMAKEH (ST) &&: ao.
bo A1 co 9 KU controly R SN K BEIEA IR M HAR IR L & o, Mo, 7

TGS AR ] 5 ZBONLANIN 8] [ 52 8L, 6, BEHLI AT .
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2 i R B 2 TRIRIT 0 R U080, 2R S A2 ) B A R A R F

$—5, KIGHTE (4100 B a WS, o FrKBEE 5 BOER K E
TR () S008I 53R T, 22 W A5 5 B R 41 v /K R PR 2% L
ARG WA S, W PR 00 15 A 7E B

$0k, KRBT (411 R b AR (412) RE6, Hh R b
ST IKISE BB RT P AR B, R 0 Fom T A A R /K VR FH R 1
RO, IR E AR, REETAR, SATHIE WAL b 0 E
H—AMARE, #HITHE=ERK.

$ =2, H BCa IEBHE /3L Bootstrap 34 H, 15, x0=0, R EE,
RFNHSIRE, PATHEIE BNAEEF AL, RS

HIE, KRBT (412) Rflc RERE, WRARE, KUK 5K
SOt K VR ACE BN AR B3, U AR i 5, R BN
RIS, H—b Hi RMIRAI b, x O Fl o 7S, WS, RUFER
AR s USR5, AR RS 5 B 4580 3 5 o A1 B K B R R 0 7 A 1
1 P T

(3) A5 ) K Hedm kst

HEAT A R R 0y L A B R

D WA RAs B K BRI FI AL WUE, SR L SClE i 4 MR AE (X)
2005-2019 4F 17K B YA FH R A 5

@ W R AR /KL 5y BURE B AR B treatyr, Dk 144 09 B S0 A8 B AT /KA

A3 5y WU S A R AU AR BB, G i ZER Y ¢ S T KA S B %
RN, HWA 0

@ H AR My, BIEFKEEH (WS) AR, Tk (TW) BRIk [a]
(ST A, HRARASL 2.3 F5 2 T ARLAE 55 b 7K B P 2 S M LA B 2
K4k (WS) A58 Al /K B 5 Tl K B L i i, ik (TW) 25 &
FI 0K B i, choKIa ] (ST) AF A5 K Ab B0 3 B o i i

@ #1725 & controli, AATAERSIAZK ¥R 2R I A AR B, 3 Tk R
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I FH R 3 520 PR 25 AH DT 9 il SR 1A0-20-01.62.660.981 3 By 28 ¢ I Fe /KT N1, ZK BRI
SLIRAN MV S5 AE Rz A B, 42 AR Bt /K BRI B AR (e 0 4.1.2 715
IR . BARTRFRIZHUCN TR . 25 R FEAKCF-abr F EL 2005 SE 36851 B A
AR BN 1 SEBR NS H X AR = BB R R s N DR bR I B R KR s /K 3R St e
PRSI K RIS KRR T HKERR KRR R Pl g5
= =P o X A B P R OR

DL ARSCHERR BRI SR H 4 MASA (XD 2006-2020 40144 E K 4
TH R M.

4.2.2 RS9

B SEHET Hausman #5536, 45 BoniEdefi g, A E BT b
WUBURASAY - PR I AR S 6 0 1) o] 7 A ASE AR EAT v A RO A 6

i H 2005-2019 FF3R[E 4 MK Gk s (KO TAREEE, 20 BUH 7K
25 (WS) | 57K (WO Ak [ELH (ST ME A AN AR &, il 72 (4.10)
- (4.12) XK BAE Gy BOR SR FH K BRI F R AR AL T ARG, 45 R ank 4.4
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