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Abstract: Under the target of “Dual-carbon” , the characterization of the bias and suitability
of China’s energy technology progress has important theoretical and practical significance for
economic green transformation. This paper constructs a double-layer nested CES production
function of energy (E), capital (K) and labor (L). By using the feasibility generalized non-
linear least square method (FGNLS) and the equation standardized supply surface system, it
estimates the substitution elasticity of factors and the degree of energy technology progress bias
at the urban level in China from 2006 to 2018, and further effectively discriminates the suita-
bility and influencing factors of energy technology progress at the urban level. The results show
that: (1) the substitution elasticity of energy and capital is obviously less than 1, and techno-
logical progress is energy-saving. (2) The substitution elasticity between energy and capital is
used to build a technology progress biased index. According to the coupling relationship be-
tween the input ratio of the two elements of energy and capital and the technology progress bi-
ased index, the overall energy biased technology progress at the urban level in China shows a
suitable state. (3) From a regional perspective, the technological progress suitability of
China’s eight major comprehensive economic zones shows different trends of change, and there
is regional heterogeneity. (4) Carbon emissions have a spatial spillover effect. Energy saving
technological progress can not only have a positive effect on carbon emission reduction in this
region, but also affect carbon emissions in neighboring regions. This paper provides a basis for
different regions to formulate reasonable carbon emission reduction policies according to the
trend of energy technology progress and achieve the “Dual-carbon” target efficiently.
Keywords: Preciseness Energy Biased Technological Progress Substitution Elasticity

Suitability of Technological Progress Dual-Carbon Target
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B T T B MOl A SR NBORMiT i, 57 Sh A e B i LT3 Tk Ml i,
FIFH TRFRBAE N MAR TR B AT, ASCRAKR AL (2004) W05, RIEK S A
LK =K, (1 -6) +1, PR B WA B U WA A, Hrb 1, A& i
&SR A [ R 0 P B S SEPRAEL, 8 =9. 6% RHTIHA WA 4% R FH [ 5 0 7= 8 0 %
BEr i, i TR )2 R VR RE B, A SCRAZEIR A ESE (2010) 1Y
ek, sk (1) PR, EEE A R AR IR AR L B 2 RS A
REVE Y 2 R 1 LR R4S IR T B e 28 O 10 DD AR BB IS SR IR R B, AR A (i
W GEIHAELE) BRI SR LT B A RS e A AR R VR T SR AT AR R AL
Z R RAE A IR T e TR AR, HAMR .

PG, + PL, + PE,

CEIl, = PEE, (11)
cop - CGut CL, + CE, (12)
v CEI,

CEI AT REIR TN 28T 5 R 4L, PEE F1 CCE 43 5| 48 M i R URIH 2 5, PG Al
CG 3 JI A Oy FRTTRR TH B ik, PL AN CL 3 3 48 Oy R W Ak A i U 2 i, PE
FICE 7350 048 iy Rkt RISt X (R EI M AREE) heisam . Seah, B, K
SRR A AT IR L T H A AR BEAT I AR T 5, Al AT A [E 2005 AR B RE IR AT A
1216. 36 Ju/MitRfERE, SRIRHFE2s B I GoiT AR S h kL L 3 128 Tl A 7= B Wt v s 4
BOEAFRYTI N 2005 4F, WAl 742 DI AR BRI A%

L56 ATEA BT BIAHSE SR, AR SO LR T8 B R i PR 2 EA T4

OEK NBEIRGEABEA L, QLK A5 ShBEABA L, G Er il iy B IH #E i
@IND 3T P\ 2y, v 8 = otk Ji X RE TR Ik 454 i DA 45 9 B R 45
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FEMIER, UL AT == = E X GDP ) 5Tk ok 7=k 25 44 i 52 i, D FDI
AN, SNEBEA BTN o 2 B0 A A B B K SR I AT BE MR, R BIR AR
FerATV I B, DR LA A1 R A R BT BOR RN AN T, ©Price KRS, L
BB BT BEIRIS BORFR . DGov BRI TT, BORF S H B2 BT HEA 7 150 45 TR
SEORBIHT BT AT REPERR, AT HR I T % T T 51 R HE A 2 4, TR I BT S
TR LM T AR RIR A%, i LU W08 B S o8 2547 7 1 9 L o R i 4 BURF 32 IS
J1, @PD I NIERE, N HYRE—Jr 1S REFIEFERIIE M, 75— A
REAW NP IO il s N oUE TN A N A E SR AT AU NI 4 & S (IR E: - 90 K5 % N
A HISE . DURA Syl T S T AR, 3ol T Bl 35 i 1) 7 36 88 2 2 5 Wi S T 1) 9% 505 4
ARSI, PRIMAR SORE ST A7 AR S B2 8 965 10 BRAE S 3l 5 e R Al i ) AU B AR o
(OER FFREERLM, BRHEB LI AN —Fh PR B ML B, 5 AR SR L BOSR 3 [) & 4%
YRR, Sl s RS2 REIR Y L U BOR B0 A2 R B /0N, L RE S Sl T PR 45 0 P A
JEE DRIl P T 2 DX e X e o e AR RAE PR S AL ROV

AR RS AR AR Fr7s . OUR 3B, DU SN 1 (5 3Ty N F B
WWHEARFIR . QF 85, DA E G Be88 Gk ™ A L R . QPE ki A4y
REVRIFAETE, FHARETUMAE B SR ER LRI SN A5 2],

W 1R, RS 2T IX BB FEABRHE I E (L H R BOM ], 2016 4FRTAE
VR FE B ABRHE O 2218, 2016 4F REVSIN AE i FBRAHE Y 1 W] e i o, AR AR
WA, e RS TR

FRALLEEATFIX JebiriE LR 220 X RUBUTIBLR G AT IX

S 2P )

p——
-

1 1 1 1 1 1 1 1 1 1 1 1
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
ARG g2 DY

R IE LR S 280 IX

KILPrE G 2T IX

!
/

!

1 1 1 1 1 1 1 1 L 1 1 1
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020

g0 AR 4
RPTHLREATFIX RPGILERE 2 IX
REVRIHFE
-- - = BRARK

2005 2010 2015 2020 2005 2010 2015 2020
gy 4 fy
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3 ECHEI G5 1 VRS SR A

AT FE B R BRI i P 38 B R HE A S TR 8O AT o B, B S
4 [ 2 M AN\ R G G5 X2 100 50 50 36 Al 1) P 2 SR AT 0 A, LR R IR B AR
SR R BOR A R I PR FR B, I HARE SR 25 i 11 PE 18 K0 5 RE DR S A B LL
Z AR S BT /N R Z3 5 G2 B IXBOR A0 16 B PR A I 23 3 DL R I 3R, )i
MBI AR 25 T A A A0 BE DAY 249 B B R A0 ) AR R 08 3 M X ) 52

3.1 RERIYEERSH

TE =R CES A7 sRCT , R ARG MR/ D — ik (5) #EArfliit, &4
AN B EE R FIREAS U R (R, o0 R0 22 10 R/ R 238 5 22 35 DX )= 1 ) i ) A 45 2R
AT AT, RSB i 17 1Pk HE O A TN

3.1.1 =EHEEMNS T

3 AL, =M ET X BIHITIEE, (KE) LZ5HES8AMG SR8
1% [ B ER S, (KL) E 258 (LE) K 458 BARIEA A mfh 45 M #7E 1%
KT 2, (R EARTHE RN, AFFEHU, il A, (KE) L5/ E
o 7l IR AR BCR R T 0, MIF A PE A RGOS BRI IE BB AR OR8N
0, 77 ISR RPORMK RS, WASRIEHIAMK, IESEAZ M ER
MR 0,781, BIE/NT 1, PRIER DA GEA 5 gk 2 Al ) T B4, BIRoR
B NREIR T A RIBR L . EARTRIR 595 sh Z M RPN 1,624, BT KT 1,
J A AR B APTE 55 8 5 A Z [ o] T84S BRI AR R GEA il AR AR 2D

#3 #EIR CES £ RHWSHMEITER

P (KE) 1%t (KL) E %K (LE) Kt

; 0.033 0. 008 *** 0.001 ***
(0.000) (0.000) (0.000)
1. 624 1. 861 *** 1. 125
r (0.004) (0.007) (0.001)
s 0.018 0. 024 *** 0.399 ***
: (0. 000250) (0.000) (0.001)

, 0. 115" ~0.224 ~0. 158
(0.001) (0.008) (0. 008)
s 0. 655 0.527 *** 0. 657
: (0.001) (0.001) (0.001)
~0.079 *** 0.019 *** 0. 476 "

C

(0.007) (0.000) (0.014)
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gk
E 20 (KE) L %5ty (KL) E %514 (LE) K%5Hy
0.781 *** 0. 886 *** 0.938 ***
K (0.003) (0.001) (0.001)
-0.029 *** 0. 049 *** -0.018
a
(0.001) (0.002) (0.011)

WLt U S IRIRTE 10% | 5% Fl 1% KT FRE, FE,

3.1.2 N\KRGEZXFXFRMED

2006 ~2018 4FH E BRI A BRI 5 57 BRIy 1. 624, SRR E B R,
NKGERFER T, BRARILEEETF XA TEARRIR S 55 sh & A8t (0.991) FIARFHY
T DR ARE IR 597 sh B R (0.300) BIE/NT 14, HALSAERE LU XAy BEA
RETR S5 AR R R T 1 (W3R 4) , Hi, JEEBIEELR A AT XA RE IR 5 57 3l
BB, M 1,825, mMTRITIRLE A AU KR AR 5 95 sh B R 1. 816, X
P ML X T B AR, Sl s R, ENCE Rz R TR R R, K
XPAMFE R BE N2 05 R SRR vy, BB AR . POt DR AR B AR IR 5
SRR R, T REE R R PR T K R ) St A A 28 U G & T, BUR ) 3
FR A ARG, B e n, Dbt T2 Z A A B in 2 Refk, RiEE
REEACTPER R, MIARILEEA AP X RAREIR S 55 sh Z [ AR /N T 1, AIfg S
HIXFR S A, ARICHLIXE Tl &k, 7ol 2 AR ER =L, A3 LT 78 30 o X
BRBAZ R, PEERERMERN,

F4 NAZERFXEE CES EFRHNSHMHITER

P (1) (2) (3) (4) (5) (6) (7) (8)

ZRdt U | AREUVE | MEESUTIE | BWIhE | RKILTE KGR Kgde

0.002** | 0.138** 1.067 0.016™* | 0.056** | 0.023™* | 0.017** | 0.240*

¢ (0.000) | (0.004) | (1.117) | (0.000) | (0.002) | (0.000) | (0.000) (0.009)

0.991™* | 1.825** | 0.300™ | 1.816™* | 1.484** | 1.643™ | 1.649™ | 1.570*"

g (0.006) | (0.031) | (0.001) | (0.032) | (0.021) | (0.009) | (0.017) (0.021)

5 0.499** | 0.005** 0.233 0.014™ | 0.023** | 0.021*™* | 0.024** | 0.012""

(0.018) | (0.000) | (0.608) | (0.001) | (0.002) | (0.000) | (0.001) (0.001)

-0.522* | 0.106 " 0. 005 0.105™* | 0.125** | 0.117™ | 0.121™ | 0.112*

’ (0.265) | (0.003) | (0.070) | (0.003) | (0.003) | (0.002) | (0.003) (0.006)

5 0.633"* | 0.662* | 0.700™" | 0.659™* | 0.689** | 0.645™ | 0.627"* | 0.629 "

(0.003) | (0.014) | (0.004) | (0.003) | (0.004) | (0.003) | (0.004) (0.008)
0.560* | —=0.040™* | 0.002 | —0.103** | —0.054™ | -0.050* | -0.131** | -0.070***

‘ (0.242) | (0.012) | (0.179) | (0.020) | (0.019) | (0.015) | (0.020) (0.009)




28 B2 TR

S (1) (2) (3) (4) (5) (6) (7) (8)
At VT | AREUYE | REERVTE | BWIhE | KRILTE Krim Kt
0.627 0.383 0. 028 0.857 ™ 0.785 0.816 0. 845 0. 264
K (0.098) (.) (3.628) (0. 006) (0.01) (0.009) (0.005) (.)
0.549 " -0.029 *** 0. 001 -0.016 " | =0.030 "™ | —=0.025™" | =0.017 ™ | -0.060 **

(0.238) (0.003) (0.011) (0.002) (0.003) (0.001) (0.002) (0.007)

2006 ~2018 4FH ELEAR MR IRSEAS AR R 0. 781, REAKEIE A CR, /URER
BT XM REIER R ARSI NT 1, R AT LR & 20 0% X AR TR 78 A 2 AR it i
K, K0.857, HUGERVEMLGATITAIX, H0.845, REBITHELEE LU X /b
(WF4), KRPGILEEA L PR IXAE 0 F A RE I ARG 2 8 b, LW A Rl YR A 3o B
BANFRIELGELFIFLIX, 2R F XTIk, LR B LR A 4
UE DX AR I 25 2 DX 1ol e B 2 3, b 1) 2% 8 TR R B R TR BB U, X RE U
ARSI I 17T R FR VIR 25 A 2R 0 IX A 7= W R T 2 i A R B R AR = T e AR Y
B S AR A A P AR (MR B K T RE TR, U R s I K
FAH R EE A AT XM AR SR UT I 28 B 2 B X

2006 ~2018 4FH [ELEAR R RE IR S AR R BOR S 1, BRIRIHFE R B A g, A\
KREA LT X BRI ACLR G B KRR T U g 25 0 U X I RE VR 1 LB R A% IF
Gb, HRNALGE LT X BB R AR SR i (W3R 4), RIULEALFKE
Tl &k HABUR BRI F &, XTRBIR A TEAER K, AR B LR A 4 U K il & ik,
HIEAL T2 AR B, REVR I i VB R RN IEHEUE AN R, A3 b DX ) Rl 15 1 ik
IR ARFCR Jy B, DA X S8l X IE 2 /D RE IR TH #E, X UL AT & v S B B M e 444
F A ] o SO e R B R 22 55 R SRR AIE

3.1.3 BREDSREHEREED T

WG 30 (6) Pt i RS m e A, I8 G R 4 ARG R
XA CES A7 st o B THES R, AN REEA LT XER ML Imm EHe 4, 1D
Teb 1)L EHANE 2 R,

P AR TE Dl ) P8 BCH Wk AT 0, AN R VIR Z 10T, i 2 VR 25 & 4 0%
XJZ1H, Teb <0, FARBL HREIFE TR, FEXFEOLT Teb (AN (B4 X5 {H 8
K) AR A, RV ALLE A AT KA E oK, HOE R iELE & &5
X, RALEEETTRAXMER/N, KL G AT XA ILE G AP X2 E Tk Ak
IRHBIX, AE R R PEACLR G 200 X ARFE PU &R K TF A R ms i BOSR IL B, W51 Ahoe, 4T
FeARAGE, AT N Wi ) AT A REIR, i ARJCEE G 4B X E Tolk & e Dy s & K,
ARG ) FERARENE . RS U X E AR e 1) P 48 B0 AR TR 345 KB ]
£ 2006 ~2016 445 AR P ] PR B NHE R BUR I T B3y, Ui REIR 1Y 29 M Hy
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—o— ZFit —— LRI —O— R —O— FERI
02 —e— W —a— KT —o— KV —O— Kt

20I06 2()IO8 20'10 20'12 20'14 20I16 20Il8 (AE0y)
B2 NKEEEFEREARHSREERRHTHBEE

AR BURSS RS, 2016 4F BT, M5 BOARGE D G (0] YRS B X E I, 7
AR i 1) BB 2 BOFR 4G K

3.2 EEMMZETSM

HRAERE R 5 A ZL R A L5 R 5 O [0 T B R 20 Z [ R OC &, W] LA
HORFEIERIE T, XF 278 T RE IR 55 A A L5 BEAR 325 I 1] 1 $8 2028 A i ik
T E P, FERZEOT, MERBIREARWEZWA LN LT, FARE R
PEFR B A E AT TR, PIE s aR KRB, BIRERAMHCHE, B TR
B2, AT ANKEGEE LU K AT 8K Hr, RErscal A, ANKREGER &0 X
AR B RREIR T L RIEARGE L M RE IR GEAS A LU N B R 2 R IR AR T oA
B, XS5 AU AT R R ARE H

FH I 3 T, RRIRGEAEA LU 5 B AR A0 i ) M 48 5502 [ A 722 Ak e 302 R 30M
(), BEVRGEASE A IS S 3RE IR T 29 B AR UE SR8 B4 XA T W, S RB IR T 497
FEARMEL EAMGE I, ARIBIIGLEE S5 X AR PG AL LE A &5 X AE 2006 ~2016 411
RETRR AR AL REEI ETHE S, X 58I AR OR P R A Y, A
AMLRE LTI RRIR T AR A L2 I T B a3 X 5 R 29 B EOR 3E 2P 2 A
HIW, 782016 2547, NRETEEA XM BT S, BRI AS A il -
Tt NRZEA LU X R BAE H AR

3.3 EEUHMEZRSN

3.3.1 =EEmBDHT

A SCHT ] B R 2006 ~2018 4F, #R1H K 278 ANHZE K UL 3k, 494 d T AR BB 1Y)
FE X PR A S SR T T E RO AR X R (7)) HEATIEIE,  [R]E hy ah f B AR X 4
SRR, AR ST A R OB AT 0, A RN 5 FiRs .
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10~ AAZRaarix 1.0 - JEABITIREZR A 2 IX 1.0 - RABUTIRER G 2E5F IX
05F o T 0.5F . ______ o 0.5 .
0 0 o Of ---"~""7777"

0Sp o~ 05— 05
P N
-1.0h 1 1 L —1.0k 1 1 . -1.0k

2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
DY geih) DY

Lo BMINHGAZHK o BHHEAGHEK o KICPIEEALHFK

05F . 05k .- 05F —ce -
(] oF ~ I 0 -
-0.5 — -0.5 /—\_ -0.5 ﬂ
_l~0| 1 1 1 _1-0| 1 1 1 _1-0| 1 1 1
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
=i A0y AEy
Lo KEHGAZHK . KILSAZRIK
0.5 _ . - 0.5 PPN ,_,—\\\_,//
of T T 02 - et
osp o E e Tt
1.0} , , . -5 , , L - BEEREARALL
2005 2010 2015 2020 2005 2010 2015 2020
A Ay

B3 NKXEAEFREARHFSREEEEHSRERRRNLEE L
x5 RS EEEEDEER

- (1) (2) (3) (4)
L
W3 /N ek s ) 21 2 2850 o7 AR [ E R P ) A A AL 11 52 257
-0.377 " -0.279 *** —-0.485 " -0.279 ***
InEK
(0.007) (0. 006) (0.009) (0. 006)
0.012 -0.076 *** 0. 080 *** -0.076 ***
InLK
(0.008) (0. 006) (0.008) (0. 006)
—-0.044 " -0. 104 *** 0. 150 " -0. 104 ***
InEt
(0.008) (0. 006) (0.012) (0. 006)
-0.215"" -0.053 " —-0.385 ™" -0.053 "
InIND
(0.021) (0.015) (0.029) (0.015)
0.011 "™ 0. 009 *** 0.021 " 0. 009 ***
InFDI
(0.003) (0.002) (0.003) (0.002)
0. 008 ** -0.002 0. 003 -0.002
InPrice
(0.003) (0.002) (0.002) (0.002)
0.029 ™ —-0.042 " 0. 062 ** —-0.042 "
InGov
(0.007) (0.005) (0.011) (0.005)
-0.017 " 0.010 ™ 0. 065 *** 0.010 ™
InPD
(0.005) (0.004) (0.019) (0.004)
0. 065 0.076 *** 0.102 ** 0.076 ***
InURA
(0.008) (0. 006) (0.013) (0. 006)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net
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&R
. (1) 2) 3) (4)
AL H
Wi /N Tk s ] [ 2 25507 AR RE RN i ) A A L [ 5 37
0.092 *** -0.008 0. 053 " -0. 008
InER
(0.016) (0.012) (0.015) (0.012)
-2.418 " -1.779 *** —-4.431 " -1.779 ***
_cons
(0.068) (0.051) (0.149) (0.051)

RIEH] (4) MEIEZER, WERBBORE, ARIR AT A LT BE VR T 2 78 5 AR it
AR A R HL G a3 AR R A Tl & SR e B ] TR AR, AN S BE TR AE
97 SN GEABEN FEXFREWE T 29 BB AR I 52 o 7 H B 3, RIO97sh B A, BARRA
R TS DRI A B HE R 2 ORI T RE TR T A X A R Y 2 LB R i
AR L, RATIAFSE AT, E R R BRI AR R, BEVRTH
FE R HORNIE B, BEVR AR XS B A R R T E R AN

ST L 25 R R IR 29 B AR I A IRIVE T, X BB RO A =l =
ST, BEEA T W Z A RR IR 2, SRR FHR IS B, BUM SRS S %
REVET LRI AR VE A (52 A 67, BUR SZIC 388 5 2 B T 3 6 B8 0 19 5 B A
SN B BEXTRETR T R R I BN IE, AR RS nE A T e R R R,
R JRREWEAT ARy, A 5% BE X B VR 1 29 BB R B R i o 1E, BRI AR
M X R TR T AR A, (RN O R 2R AR R R, SR g
VRCHE T BT N 0 SRR K Y RE R T RE S I, ey A AR Sl 2 I T AR e ) 3 T A8
3 FE R I8 it 5 38 R B RE R YT 24 B R AP A R R A IE < 3 A R R T
R AR ST S B0, (R EREVR Y AT F R AL SRBE R R B IE, R BRARHE
LA, A IR B B A 2 (2 B AR A Bk 25 RRHE R O ) K e

3.3.2 N\RZEEEFXERMUES T

%6 N\ KL B X BARMEA  17] V1 S5 FME A B 45 51, LK InEK (1% 2 8 mT
L, ISRV IX R BN T, X6 BE VR A B LS i AN R T AR R A R
AP, BRI AT A LGN 2 0K 25 BE VR 5 AT T AR, 3% 5 5E T 29 AL H
RUEIEA I, B \KELR A 2 5 IX AR IR 58 AR 2L 285 A HL ) 386 i AS 1) B V1 24 784
BRI AR AS AE AR [R) b DX 5 M RIOR 2 A7 7R 22 B0, X BEVR T 2 78 R ik A i
PR VEAE FH S AT R Tl B Y, BE TR Y 249 0 4 AR 2 A 5 i o 6 %) 28 e DU S R
T AR A I 1) 938 B

3.4 HBEIRT BB 5 Xt R HE AR R A B = (8] i HH 3R 43 4

3.4.1 FRHEEMA S B EBRIFE
2006 ~2018 AEFRHEELAY 4 B 22 FR 80 W 2 1E , Uil LR s (Rl 2 R AFAE, 1
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x6 I\ KRGEEFRERETREEENIREITER

. (1 (2) (3) 4 (5) (6) (7 (8)
(4 JEIHE | REURE | A | BRI | KIDTE PN PNE
-0.373™" | -0.034 ™" | -0.232"" | -0.310™" | -0.450 ™" | —0.418 " | -0.281 ™" | -0.519 "
ek (0.018) (0.008) (0.033) (0.0152) (0.019) (0.012) (0.015) (0.079)
0.082 ™ -0.234"" | -0.109 ™ | 0.070 " 0.108 =~ 0.023 " 0. 060 ™ 0.074
it (0.022) (0.036) (0.030) (0.014) (0.023) (0.011) (0.013) (0.083)
0.134 ™ -0.109 " -0.113° 0.093 ™ 0. 150 0.115™* 0.040 * 0. 008
it (0.023) (0.045) (0.048) (0.029) (0.026) (0.023) (0.020) (0.105)
0.258 ™ 0.790 ™~ 0.785 ™ -0.023 0.318 ™ 0.712™ | -=0.300 ™ | -0.513"
b (0.048) (0.123) (0.177) (0.056) (0.053) (0.055) (0.057) (0.228)
0.022 ™ 0.036 " 0.017 0. 004 0.019 ™ 0. 009 0.018 ™ -0.029
ot (0.005) (0.014) (0.009) (0.004) (0.005) (0.006) (0.004) (0.016)
-0.027 0. 009 0. 004 0.034 0. 001 -0.002 -0.011 0. 090
InPrice
(0.028) (0.008) (0.004) (0.023) (0.003) (0.002) (0.026) (0.068)
0.085 ™~ 0.094 * 0.138" -0.043 0.042 0. 029 0. 062 ™ 0.141"
fner (0.022) (0.041) (0.068) (0.025) (0.025) (0.017) (0.017) (0.070)
0. 908 0.038 0.025 0. 006 0. 607 ™ 0. 038 1.511™ 1.076 "
v (0.366) (0. 060) (0.027) (0.021) (0.148) (0.026) (0.199) (0.415)
0.127 ™ 0.251 ™ 0.124" 0.076 ™~ 0. 021 0.047 " 0.038 " 0.133
i (0.024) (0.056) (0.049) (0.022) (0.027) (0.020) (0.018) (0.171)
-0.032 -0.326™ -0.123 -0.014 -0.053 -0.014 -0.002 -0.045
K (0.027) (0.102) (0.076) (0.025) (0.030) (0.029) (0.017) (0.034)
7.516 ™ -3.198 " -1.384 2.658 6.571 ™ 3.486 " 10. 430 8.008
- (1.916) (0.740) (0.714) (0.299) (0.787) (0.241) (1.080) (1.973)

23 [A] 4340 1 IR ARSI T BT X AR RV, X5 Wang 48 (2019) MIS5IBAHAT, ik
Hejlc 4 )R B 22 d8 8E it o) b SR 23 BT e s IF HAER —BHE &S L, BRZs 2017 4R A1
2018 4F, HABAER I W, (1) >W, (1) > W, (1), =FhACE %4 B HER 0 2 18] 5
FRFE Bl A (A1 11 % A2 AR A

H 4 BT, 2018 AFRRHE R A 2 B0 2 [B) EAH 5, 2 B w60 % 3uk s i HE e iy i) 25
FERAE B BRI, Teb HaXHER /NN, T AIE A 5 (s 1] BE 5 fd ]
AR, BRI NBHEZR R IX ;5 = I HEMER X, Teb Ao XHEEK, HARDE
AT 1) T REVR T AR AR A A5 DU G R A T ATORCHE X, DX PN 3 T R X L A bR T
BRHECR A, AFAE IR VA TS B 07 A IR R op B & 0 T B HE I B TP T 48 — 2 BR AN SE
SHRR, BRHE A AR TR B2 DRHEER X Teb XA, T Teb 4 XA MK,

@  BRHEFIA RS 2B R IR 2 -1 B,
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1) T REVR Y L9 RBOR A, REID i B HERL

Moran scatterplot ( Moran’s 1=0.189 )

3¢

B4 2018 ErRHEMEBE =8 2 E
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MiF2-1 BHMEREZIEH
WHETL
Ay
W, w, W,
2006 0.173 0.075 ™" 0.071 "
2007 0.177 ** 0.072 " 0. 066
2008 0.175** 0.072*** 0. 066 ***
2009 0.181 " 0.076 ™" 0. 065 ***
2010 0. 185 *** 0. 085 ™** 0.075 "
2011 0.177 *** 0. 086 *** 0.077
2012 0. 181 *** 0.091 ™ 0.081 "
2013 0. 199 = 0.084 ** 0.074 "
2014 0.209 *** 0. 090 *** 0. 082 ***
2015 0.197 *** 0.107 ™ 0.101 ***
2016 0.216 " 0. 093 ™" 0. 087 ***
2017 0. 134 " 0.175 ™ 0. 169
2018 0.118 *** 0.171 ™ 0. 165"
Mgk 2 -2 SDM EEKIGER
(L RIS W, W, W,
LM-lag 0.072 1.015 9. 600 ***
LM-error 1.711 8.914 ™ 29.383 "
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Robust LM-error 1.982 8. 659 ™~ 21.204 "
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Wald-error 299. 15 *** 95. 18 ™* 234,21
LR-lag 94. 18 ™ 269. 19 *** 117.43
LR-error 191. 70 *** -131.82 448.90 **
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(1) (2) (3)
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—-0.281 " 0. 405 *** -0.316 ™
Teb
(0.018) (0.038) (0.019)
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InUR
(0.010) (0.040) (0.013)
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(0.010) (0.024) (0.013)
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sigma2_e
(0.001) (0.008) (0.001)
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