t &k M3

454 H2H 20234F2 /]

2023,45(2):296-307

Resources Science
Vol.45, No.2 Feb., 2023

51 AR : I &R0 BT Bend b T REVRR FH AR 52 M ST HOR AR FIH AR SN WA (1] B IR, 2023, 45(2): 296
307. [Fang D L. Impact of digital economy on energy utilization efficiency of Chinese cities from the perspective of technology

empowerment and spillover]J]. Resources Science, 2023, 45(2): 296-307.] DOI: 10.18402/resci.2023.02.05

= 2257 %0 HR E I T gE TR R F LR A 220
—HE TR AR ARIMNE A
(JBRAEXFZFFR, T 530006)

FHE:[BMALRERFEF GG E LA NI A A RSP 69 A 97 $0CF 225 3R 7 58 R A
P ZCE b, A R oA R ECF 255 R &R RK-TFRAAEZIER S BOAF [ 535 142 A Malmquist-
Luenberger 24 /= % 3§ 2 7 ik J o B 279 AN 2012—2017 -89 5 & 2B 2 40 R 2 5 ¥ 2 AF A 3% 7 48 R AR
AR F R B Z RO AE R 5 AT BT 53T T AR IR AR 2R 0 Hra , SR A T 4 M A TR A R 2R Fedd A
A E AR AT T BF AR e Rl [ R HF B F LRI BOTIR T R R AR A R e w3 A2 F
A I, BLIA K F B F R R IR T AR AR A R eG4, RRRA AR ESMEPELERE T, MFLEFAHAKR
HENYHARRE, SRR ET O YR FAE, FRBRETIRAERAZELNERN KT FEFLREIGHK
AT, MFEFEERIADZRELFAHE, XREPRLEREAN  HFE2FELIRGEEH KR T IR
T AR A A E, T o EREN, HFEF PR ABA R AEAR R RERE T ABZA SRR
X BBy R EHE SRR AKX R ABMA N S B BA SR EF AR FEFELB LG ER RS
RIRT BLRA) A AE . RFZFEEABOTA T HALE ST A BTG R8T 4 AL IR A A A R0 = )2 28 K,
BLIA B F B F3T T AR AR AR BRI 2 8 K a9 a9 VE A 2R 24 [ EIR | M F 2 B R fedd RoMss

FEIR AR R AR FE A2 kAL G & R Fey Rl AR,
KB B F B F 5 R R A A 2 HORIK A8 s 3R 51 ; Malmquist-Luenberger 24 = 5 3544 ; & 7] 3+ 2 AL A

DOI:10.18402/resci.2023.02.05

1 5|8

20204F9 H , U5 S Bic e -b RS
B K —MetEane bk REZYHG, 211 51
2030 4E S PLAR IR IG 2060 AESEURR R AT, AR YR [
AN B AT (AL BB IR G T4 %5 2021), 2020 4F
rf A LR RE TR P LT T 2.1%, BRI Kk
JEE ot 1 14 [ 58 5 B HE A oA 99424, 32 2019 4R K T
0.6% , 5 TH AL B HE R 19 31% . A DL, B8R [ 28
TEAEANWT & J& |, (H R Ikt AsF 1 1 Bl 2 v A9 A 25 A
A AT REHEZ AT B IE T . 5K A R AR RIS
FEH, FLAE 2060 41 2 Fir SE B B AT H AR, 2060 4
(1) 540 GDP REFERT LU Y 1T T R 75% L 1o 13X T

I #5 B #A: 2022-07-26 1&1T H#5:2022-12-05
EEWE: HE [ ARAIEETH (71763002;72163002)

AbAE Mol & B B BT R, BB R E ORI
Pk

G RV, 7 A 21 20 FE 57 A v Al s 0 90R £10)
KB, 26 & 4 BRI R W 1™, hE B 20F
KREAARIEAEB AN, SR BRI O AT 7=l Ak
A A 9 I B A A I R R, K
PR A R B A BB 1993 4R 1Y 3.57 TCH K =
2020 419 19.14 71427t 5 GDP FLEE i 1993 41
3.1% b T} 2 2020 4E 114 18.8% ; 1 28 F 25Wdi H%k 7
ATEASE AL B BT A28 5 RV A A I 55 v
ESp S 20 M b V1= K=o AN R ES i D E = 2
T BB 1 2007 4E 19 1.39 T2 e K 22 2017 4F

VEBRI N Jr &, Lo, PSS AEN T  DRI, 400 A= S0, BF 5 1) o DX 3 A S XA . E-mail: fangdongli228@163.com

hitp://www.resci.cn



D7 A B D6 Hp ST BEIRI IR () 2 297

202342 H

[ 5.30 J1{Z TG, 5 GDP 9 L EE L 1 2007 4514 5.16%
WK 2 2017 411 6.46% ., Al LI, th EECF 4
CATEE R T b G Mok e e . BT,
BF AT R OB T I R s B HOR B
Al BFE S 0 A A TR R TR O B 48
el TR e H I L S5 R RN s N2 AR N
KEZD) Ty, Fds i ok A 7= AR T b A R
AR TR RV R R TR R AN A
o BUFHOR P R B MF B AL R SCR I B 5 U
T AT M A = L SR S5 ™), Bk Y 4
BRATEEEM A FU L JRAR B2, AT,
P EAR R UGG G AT AL G0 e T T+
(1 S A5, B LR B0 LR 28 55 e JRe s | 1)

KT BT 2 TR R IR A HRCR A S AR
oM, SEE AR A AT T RKEMT . BRI
LI AN F A T L A B P B R A B
JE T B 4 = A B ROR VR R E AR BT B R
SRR E i PR BRI OB
BRI A5 T B Sr IR AR B AR BB RIS 3R
PR, TSI RE IR () = ORI ] o — o2z i FH 28 5%
FEARAE A A A8 B 43 B R T 28 0 R VR R FH AR
(AR AL, dn 5% ey A5 An] 2 35 46 ORI &) 465 250 LA
PR 2R R R A A AT B AR AR AR
Tl g R B AR A Rl AT AN
PLER AR X5 G LB AR A b 5
FACAE N B 4 A FH T DXk VR 1] FH R60C% i 1
A A B 205 10 kSR R = RE TR A FHRICR 1)
gEit . BARZEIF R AL T8 7L 5F B RE IR ,
{H¥ AR MWECE 2T B REIR B ARV VI A
2 Bt mE5mHRRIE

Bl 2205 & R i , T E 57 80 ) T8
KRR EESR T, T RRIR A 7 R M kg oK
B AP RSB R O R, E Tk
Y BAS LS IEAE B 208055 o Al W Tl 5 i BF
B AR T EBRTE G 7, T E R R B Tk i Sk
1k B REAL IR S AR AE AL J7 M BT, Sy
TR AT I, AL T T B
R0 DR R T AR S AR AR A A
RBATH THEZME NS, WA T A B

REIRBEA o OB —AUF BHAR OB A TR RESE)
FI8) PR A JRE A ke 2R 77 I S S WKRE , R — 22k
TSR T L AR T BORAG RN 58
FTRIIN i AR T 22500 2 SRR ™l , fe itk
T ARG T I EE BT, (K05 285 o X328 5F
1o U R R RBT B AE o BT BOAR X SR 2 5 19 T
RE AT PR A A5 PRI 5 22 B T Hr 2 A R, M IX 2 5
2 [ A Jg SN B, AR R T A AN T R
DCISCR™ b o3 T AN A, 55 SRR A Wi i, 28
DRI N3 o
2.1 BF AT RER T AR R B A

RETRE: [E R 285 6 T ) Al , At 2 B vy [l K
FOlRETT B E AR m R R R
FAEM A LRBOE SR SRR . BT
2 AR AE B GBI, LUE R F- &
Dol B, LB AL BOR BT SR Bl 5| ST — &
A GERAMB AT ST . BRI I
i T AF RANKERRE AL, TR 128 [A] X 22K 5h
R PR, R AR B IR B TS BRSO 0K

NG SN TR =g G (R G Rl N E AW S 2
P AR GHAME SR ML & AT
PRECE HA T A ERAR R IR 4R
Tt TG B R DA BRI, A R T A A] ekl
B AR AT 7 AR TR B IR S R, RER
FIZCR R I R 5 o RO 2R 57 19 4 Fe il s 1 iy B
G 1D e ) I & 1 P e D L e 4
X R B A ARIBE ) R IR BE BT} . 2R AL e
T B i -5 A A B A A R
A I TR AT B2 5 S Aok B, T Al
AP A AR B T TE AL, Al TN P 1 J3E A ke
P2, A M T Al ™ i i (B S B, DA T AR Bk
WLLZE 5 . T0 Y BT IR TIC 3 LAY RE IR AR AR o A
UL T, B0 H A D A R PR 45 6L ek A i
T ERIE] # R T l AR SR A  HES WS
PO A R BB K . DI AEF & o 3
BTFHCHE A 25 R GERE RS K A 7™ S Hfe 3 BE AT 2
SEAL S AR PRI R AR, T B R AU 2 [ R
TET 14977 I B SR M 1 I SRR, 1 ke Fg B 48 T
BRABOR, 5B 1 BRI 4 , S TH 1 55 R0%, 4

http://www.resci.cn



298 BEOUR BE

45K 2

i 1 REURURI S EE o 7R3 W) T, BB o B
TR Rhep R P M 25 T Bt sh 22 5F 5 L
EROKRE . BT HORTTIZ B TR A Y I 45 5%
JAT AT REDR A A 4 Jmy MU RN 58 55 4 i, A )
Hh R DI (0, R i R A MBS, AR T R X
SRR RO o TEX IR ER i i iz F A= A3
S PR B T B Z R AL (R BALFREOAR , AT
IS A5 500D A b I A , S B A AN B A4 S
DA WA o AR X 0], B 22 5 e i s 4 i)
2% B R 1 ik DX 9 22 57 OCHK , 15 Z AR R 1
SREAF RN AR B T e T T 8 S iR,
AT S B DX IR 775 % 6 g B4, 481 X Js
AV REARRERE . PRI, ASSCHR HH LR WIS B -
HI1 8007 28 50 i K A B T v S RE TR
22 HWFEFERTHHERFAMEMEEAR
Wor 2 Gr BAT B R N BOR TR PR, I Sk B
BSOS I A S 2 R T BEAE L 12 55 RE VR 2%
A B, MR 2B IR B AR
HIERF- B A Ty et TS SR T A R
AT BIRCR, AR TR A B B 4 8 AR
il 1757 L AR BE S PR AR A AR SR BEIR 5 BT 4 3l
T3, IR ARG SR T RAF it A 30555, A A
T R RIS Ah RSk (22 5F R e R
PRFEAYIEOL T AR A A BB AR A K
AR IR BRI | U SR ] (Y PR A R A
REVRTH SR A5 H™, JF4R mk RS EL A RCR , 1%
AR RERE . BT id il LI BU ey 1 o™
WAL K AL A T BUR AL G B e A
3, MO E RV RE AR AL RETR A A 5 =0, OF
& R RETR AR AR . it S IR TRR A, 10T
e L HAR A 52 5y AR i 4 A5 22 T SRR, 42 i SR
[ VE FEsk R, S B S R A5 B S A DT e, D1
LR PR R B, BRI 2 B BE TR #E , DD
REMRIR 9% o AN, 75238 iz Fan A 7l A #EA TR 1k
ez i, AR AT R TR S S R
S5 IR 5 [N, AAZK A= 40Tt T I 3 3 A e
P FEIRATASFA RO IS5 ), S as i 4 7 ll 2
TR B, LB — U BB i 57 1Y

hitp://www.resci.net

V-5 38 3 R AR AL o b Boni AR R AL 1R
OURNA & T R ATHE Z A i 48, Pt iy T HEZA AnFR oK
Z B 28 AR VG R R, ] UL, Br 2 55 1
AR J5 2 3 e B ORI N SR & i By, LB
TR AL ECE Y, LARE /D AR SR K ices o

S B AT — Oy T LR A R B
PRI AR, 55— 5 I A B AR 2P AR S ik 2
b1 oL TR e W Y S 1 8 = 3/ B 2 U9 A
I AR IS R

H2 B 2 Ul B D 4 s 3l i R IR H
2.3 FFEFRIZ (8]0 U

BT AL R R 0 R U85S T Ml 3 s () R S AR
PR AR S s Ve, 2 Ak T M4
X T FARBY AN A Z 5 FARZ [ S 8L
L AR, IR T A B R 1 23 ) A% 1
JE 523 [l AR . IRGERE S RS IE Wil
SR AR DS AR SR T Y 2R I RR TR A FH SR
FEAE 0 2 10 25 [B) Jas tR ARV o AT L, BRr e Bl ok )
PO 4% 2 322 3 M R 1 0 3 P % DXl =2 T g B R T
T RS 15 R AR5 O AE 1) Ak, 5 RE sHE
AR PR A AE 28 TR s . BE UL, AR SCHR ST
i :

H3 : BOF 28 B XT3 T B UER RS B 5% A7 A
25 [l ¥ ARV o
3 MARFAE
3.1 it ERE

HR A T SO BRI AR AR SCHENT 1 AR T
RIS BT AT 28 B XTI R IR A SR A 52 )

Gtfp, =B, + B, dige, + B,Control, +u,+e, (1)

K : Gofp, 4 i T ¢ AFAR A 38T R TR A FHALCR
dige i 2k B EAR I IR T 88 7 48 55 i R H8 85 Con-
trol 2y 5 el W T RE U A FH AR il A8 55 By - B,
SRR ZR B g oM ST AN BE R [R] 45 B B 4 il A o, B
T [P R RO 5 e M BEAILE B3
32 TEEE

BT, Br el mfebrig 2 (02 A %
JZ T B AT BROORAR HUZ T AT FR A
BONFE ARG ERIT I 23 [ A, X DU B



D7 A B D6 Hp ST BEIRI IR () 2 299

202342 H

AR S RS T 2 () 28 5% o AR OB AT BT
B EPEI T 2 1T o 3T 3k 7l J2 1 A 5 T A, A
SCAR SRRV S I A0 | IR SR AH I Mk,
N GUIE B B 205 7 I DU RS Bl H 15 B R 55
4 B 25 T B e B BRI O, A8 K
Y RTIEIEA TR AR AL B A5 2 45 3T B 2
KEFEEL, 10K Digeo N TAEF HLEASRIAE 3 AN ]
T R AT R RACY AR 254 EM P A0
P25 R RGBT AR A AL B LB A
T 0~1Z[H], 12 dige.

X 3T R VR R FH AR I i i, 55 s PR
AIRIFSE , L9730 AR R REIRAE A, DA X A 7=
SME (GDP)FE M=, LA TAlL SO HEf = Toll
JBEACHE I R0 T AR Oy ) A HE AR S I 0 2 =
o Bk UL @57 h# A I3 T A7 oK 43 i
A Mk 53 B0k I B ot e U O B R T S i
IRU) s QFEARBA i SR80, (5 L
10.96% F T 1H 2R (1 7Kk Z2 F A7 TR s ORETRAEA
il o R BB R G A1 4 ) R A A ) R TR B i 4
o DR R AR A . IR RE TR LA £, A T
TR KRB RN 8 i (0 PR G — 40 S AR FR
T4 T I A A LRV T B i, AR SCf S S )
SEPIL R S A A A PR SR BT B A
AR RE TR T AE AR 2 45 e g T . Ol R 45 ke
()52 br GDP AE S HER = 1 . DL 2011 4R 560, i
FHAS T 1Y) GDP SF-Usi s B0 453k 1l 19 44 X GDP it
1T AL FE . fiff  Malmquist-Luenberger 4= 7= % g
BMLARED) T i B4 b 9T i 4 6 2 B BETR
SR L AR BRSO BL 2 M A B A P AR R A AR
R ), R PR AR B S S B R TE N
A DL SR L AR I B A PR ORI e, ML
RECRT 1o MLIEEOT k2553 S H R34
B (Tech) MFEARIAFER (Tecch) , Wi B TR E =B &
AR TR I RS o0, J5 & 6 A = i T
HOFE 258

FEF A8 57 T, i S A B A Y o PR AR
R SR, Pt T 3l A RS (Inpopu ) , LASS ST 4F
RN EEY A SR EEIR 5 SR B 5% (Infdi) , L)
AT AR S PR A AN BE Y H SRR OR s

B (fin_s) , FH 35 W B0— i 00 S 5 b DX A
77 MBI B A 5 B S (sed) , ML B2 52
5 b XA P BB Y LB R s o 33 A2 v B el
FHEE IR B ARG (b BT SE T AR 4E) -

P T4 A 0 B3R T A R FH A0 T AT
i 1 i1 2 9% P 4 BT S it D AR FGE i )7 78 2011
AR 2018 4F K A T AR, S RIIE R AT He M, A S
BTSN E R 2012—2017 4F, AR Bak | BT
FEREARRAL S IR 15 M IX, J 28 B [ ki 279
AT R4
4 BRE5HZH
4.1 EAEMOE)T

LI T B BRI RE TR A AR 1 5L
HEIRNASS R . Sy 1 2 i AN Bl (] 22 Ak ) PR 2R 5%
M) | A SCIA A [ ROw A RS HEA T IRl . 3R 1981
(1)=(5) 53 AR AR R A R FEE5 R .
WH RECE , BP0 & R 1 [m] ) R ERTE 1% 897K
VB ENIE BAI A A T I S RERS ) 4
TR REIE A AR . BRI, & 1SR
SEILIUE T AR SCHEIS A I H, BVECF 255 1 &
A B TR i Ik RE R A AR
4.2 TR

R T REAS LA AR  HEBR VS E B N AR
P[] ) 4, 15 56 S e e S5 T 5%, 1A 1984

Fz1 HEEFER
Table 1 Benchmark regression results
) (2) (3) (4) (5)
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Table 2 Robustness test
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Table 3 Mechanism of influence of the digital economy on energy utilization efficiency
OLS 2SLS OLS
(O Tech (2)Tecch (3)Tech (4)Tecch (5)G inv
dige -0.055 0.445%** 0.084 1.875%* 5.281%*
(=0.53) (2.75) (0.48) (2.57) (2.42)
Inpopu 0.009 0.171%** 0.014 0.132* 2.555%**
(0.20) (2.76) (0.24) (1.95) (3.49)
Infdi 0.005** =0.011%** 0.003 =0.012%** —0.045%*
(2.22) (=3.74) (0.90) (=2.75) (=2.41)
fin_s -0.011 0.018 -0.016 0.037 0.262
(=0.46) (0.63) (=0.46) (1.15) (0.93)
sci 0.688 0.703 1.196 -0.739 14.216%*
(0.68) (0.60) (0.68) (=0.50) (2.20)
N 1674 1674 1374 1374 1670
R’/Kleibergen-Paap rk Wald F 0.003 0.021 21.604 21.604 0.070
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Table 4 Likelihood-ratio (LR) test results of spatial econometric model
SAR SEM
Gtfp Tech Tecch G inv Gtfp Tech Tecch G _inv
w1 47.48%** 5.560 38.260%** 58.950%** 54.100%** 5.410 45.180%** 77.550%*%*
w2 20.720%** 2.180 16.800%** 33.720%** 20.720%** 1.560 16.560%** 40.650%**
w3 63.300%** 4.820 37.330%** 73.280%** 67.210%** 4.790 44.090%** 73.200%**

LeSage %5 AR 2 [B] 8500 14V FHVE R FAE X 42,
H B 78 ) PRI S Y SR 20 B RRUNE | [RS8
(3 T) ¥ 3 500 ) FILEVRIUNE o v, 3000 e e 1
A DX [ 722 B A DI A 78 ) S RET R[] 420
DS T AR DX A e A DX 3k PR AR P-4
SENR) S BSOS T AT DX AR SR AR DX e
A R PRI . 3R 5 AN R T &80
bay Ent NI EERP S = S 28y D0 b/ i v
FHRCR AT 035 S VE T ABAS DB B 22 5%
XA I BRI A AR S FAE DA B3,
XoF R T (1) RRZE 5 A e A 2 AR T (W3) 1Y
RE TR A AR BA T 1) i R AR . AR 4lE SDM A5 A
()23 [l A AL, 31X — 1) 25 5 U0 A B0 22 0% i AR
FE A% 30 3o R AR 2D 52 3l T A R R 28R HL
BRI A (] AN K AR BRI T 2 55
JEE TR P AR I Ik T A BT 2 U R W HE B AR X
FRETR A FHECE, AR X A B 00 R e ) L 3
ERIAR B . 456G FChEUF 23 g IR B AR 2
R BENREIAZER DN EF 2 5 I RE
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K,
4.4 FRMESH
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FNBF 2T RE IR A FHRCR BRI RE . A S8
IR TN 1T B RD DX 3k S S 1 1 1 B o3 AT -
2R RETEA HACERIEH
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Table 5 Effect decomposition of spatial econometric model regression

EVE Eyea Gtfp Tech Tecch G _inv

w1 BN 0.226 -0.055 0.230 2.202%*
STE P25 4 1.535%*% 0.006 1.507%%* 17.594%%
SN 1.761%*% -0.049 1.737%%* 19.796%#*

w2 JEEEZ 4 -0.082 -0.107 -0.027 -0.340
E2 g 0.480 2.597 1.036 4788
SN 0.398 2.490 1.009 4.448

w3 IEEPZ e 0.063 -0.082 0.112 1.053
[ 425300 0. 815% -0.119 0.973* 7.017%
SN 0. 878* -0.201 1.085% 8.071%
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Table 6 Regression results of heterogeneity analysis
(@) (@) 3 “ (5
UNEFY VN UNEFEUN AR g [
dige 0.313%* 2.219%** 0.094 0.377 2.626%**
(2.42) (3.48) (1.03) (1.37) (3.68)
Inpopu 0.537%* 0.156%* 1.264%%* 0.089 0.039
(1.99) (2.22) 2.74) (0.64) (0.60)
Infdi -0.003 -0.006** —0.015%** -0.005 -0.000
(-0.30) (=2.57) (-3.04) (-1.36) (=0.00)
fin_s 0.011 -0.008 0.048 0.065 -0.005
(0.20) (-0.19) (1.19) (0.75) (-0.20)
sci 1.094 2.258% -1.587 3.077%** 1.367
(0.45) (1.69) (-0.77) (5.55) (0.84)
N 834 834 600 492 582
r 0.037 0.020 0.154 0.011 0.030
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Impact of digital economy on energy utilization efficiency

of Chinese cities from the perspective of technology
empowerment and spillover

FANG Dongli

(School of Economics, Guangxi Minzu University, Nanning 530006, China)

Abstract: [Objective] This study focused on the green development effect of the digital economy,

analyzed the mechanism of impact of the digital economy on cities” energy utilization efficiency
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from the perspective of digital technology empowerment and digital technology spillover, and
provided empirical evidence and policy reference for making full use of the digital economy to
improve the regional green development level. [Methods] The Malmquist-Luenberger productivity
index method was used to measure the green total factor energy efficiency of 279 prefecture-level
cities in the Chinese mainland from 2012 to 2017, which was taken as a proxy variable of city
energy utilization efficiency. The fixed effect model was used to preliminarily analyze the total
impact of the digital economy on city energy utilization efficiency, and the impact channels of
digital economy technology effect were analyzed by decomposing energy utilization efficiency and
using a spatial econometric model. [Results] The regression coefficient of the digital economy
development index and city energy utilization efficiency is significantly positive, indicating that the
digital economy can significantly promote the improvement of city energy utilization efficiency.
The decomposition regression results of energy utilization efficiency index show that the digital
economy had no significant impact on technological efficiency, but had a significant positive
impact on technological progress. When the technological progress index is replaced by the
number of green invention patents, and regress the digital economy development index, the
regression coefficient of the digital economy development index is also significantly positive.
These regression results show that the digital economy can improve the city energy utilization
efficiency by improving the progress of green technology. The spatial econometric regression
results show that the direct effect of the digital economy on city energy utilization efficiency and
energy technology progress was not significant, while the indirect effect was significantly positive,
and the direct effect and indirect effect on energy technology efficiency were not significant,
indicating that the digital economy mainly improved city energy utilization efficiency through the
dissemination of green technology. The regression results of the heterogeneity analysis show that
the regression coefficient of the digital economy development index and the energy utilization
efficiency of cities with smaller population size and cities in western China was higher, indicating
that the digital economy had a better effect on the cities with large space for energy utilization
efficiency improvement. [Conclusion] The digital economy improved city energy utilization
efficiency through technological progress and technology spillover, but it failed to work through
the channel of green technology efficiency.

Key words: digital economy; energy utilization efficiency; technology empowerment; technology

spillover; Malmquist-Luenberger productivity index; spatial econometric model
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