t &k M3

42 1 2020 1

Resources Science

2020 42 1 150-158 Vol.42 No.1 Jan. 2020

51 AN OCHh, VR, SR EE. B IR TR SR A ORI A R SRS R (7], BEERLE, 2020, 42(1): 150-158. [Guan W,
Xu S T, Guo X Y. Spatiotemporal change and driving factors of comprehensive energy efficiency in the Yellow River Basin[J].
Resources Science, 2020, 42(1): 150-158. ] DOI: 10.18402/resci.2020.01.15

HAMBERESNENHNZEEESRIEER
X AR IR

(1. T TIFe R F AT 5%, K& 116029;
2. ATFIFRRFHEFRFLE THELEAT PO, K& 116029)

i E.HAARATEEZORRIN, R TARERGZSCAERNM ALY AR TRARESRF HRE
B, ARSI T RAFESBMAER M FE 19972017 FF iRk 9 4 R R 6 R, BB EEA T 7 R 5y
M AR IR 42 A A R B 2 R R ARAE S RN BT R R e AR B W E, 4REAN O FEERA,
1997—2017 4, 5 /mTiAIR AL R 456 R BAR 2“3 —1Ik—F "0 U R TALSF AR, 2 7 1997—2003 4 B4k 2 FEARAL 4,
2004—2010 4R ik 35 ¥ )5 T 2009 4 F I4,2011—2017 F4 4 F 45 T 201545 LA, QME M 27 & A, TR
T3 AR G A R AT RAK, PR AR AR ER S ER A Ham LTk, A0 A ARG AR
ERHBRFE, BARRE, HTABIR LR 262 WIS a3 Hr i L . QR ZSXEIRI H T M)
AR B DR R A T B A SRR AT AR KSR TTAAR R, S TR A I Wy B3R G R RAR AL
AR et AT M I B TSN TR E AR G AR RS AR R R AR G . AN K E R IR R b

WA EERBORIEF T AR AE, D ZTARESRY S RELE.
KEIE: R Lo R BRI F AR5 AR SBM AL AL M AN 55 5 R FTIRLAR

DOI 10.18402/resci.2020.01.15

15|15

HOT IR 5 R TR 22 B 3 R 1
T, B IR A R R B X —
R R 5 W P 7 5 S A A I 0 X I T 4
R JE BT R SC RS ) S 1 2 AR e
e Y IR B R v FE T
R 2 U P 4 BB R R TR 4
PR A HE 4 PR A 0 BRI T 13
TKHL LSS T AT 4 A A R sk
HL5 O B BATECIX , BUl AR oh P = KMy L Ve U4y
T 54 7 A R A TEAS BRI H X RE TBLIT
% SIS TFEROT B . BRI ARG S
£ ERE R 2 s R ks Hhamias L
5210 1 LTS R R R P 058 I B e 1 28

ks B #A:2019-12-24 1&3T H#5:2020-01-04

GEOHE A 2@ o FAR 2 i B A 2
ORI T K R R bR

X RETRE5R A AR BT I 1 2 SEH PN 147 |
I EERCRY B2 R LIS AR AR s (] 22 S
AESE , DA S i A A 7l J2= T B 5 3 BA g
RERA ORI I 2 R T AR ) 2 2R e
BRI, BEEMTICRITRA =B EREI R
B PR BT R I 42 B BEIESCRATIME LURL 20 55
REIRZR B ROR , IR R R I A B HE PR IR 2R
YT REVRZR 3 RO TS 0] T [F] I 5 IR PR BT 2R
A2 B RECRAE D — MRCR S %
AHYIIE XL, BERZE G RORWBA AN E 3L,
ANTR) 2 X BE IR AR 45 A 1A 3R ARG 55 O R
S E SR, AR SO R REIRZE SRR R AL T

ESTE: FEARBEEAH (41771132;41701616) ; 3L T4 23R 34255 H (L18CIL002) .
VEZ RN M, B A0 T lha A 02, W SO T R X2 B0 S5 72 k] . E-mail: 1sgw2000@sina.com
B VFIRUE, 2, LG BHAR N DRI B0 A S0l A58 1l R RBIR 26 0% 5 XS] 22 & ) . E-mail: xushuting2010@sina.cn

hitp://www.resci.cn



K AR BT AE IR LR 5 RCR A I 25 A 5 HR Bl P R 151

2020 1

W R Mt S E R I RRIRRCE , BRI T A% &
W R S SR NRRIR A TTRCE, X FTA
F Rt ER % R SR RIS ACR
REVR A5 1Y X a5 2R P PE R Y A bR
RS, /b R, RO A WL B e
J5AE BRCR B PEN 5 43 B" AR ] i A Sy
A RETR LM, W9 AA X BT TR R . ASCRET
FERCR SBM AR FE 1997—2017 47 B it 3ok 9 4
X B RE PR 255 AR B T4 B Lk 23 AR AP AE , e
5% B Ak 55 EE IR AT I T S A I R VR 2R
BRI 23 VAR FUEE , A B MO BEERI 28 0B 8 1 g
TRLRAROR RSN N 2 VR AR R o 3R 25 7E
M AR R A7 2 )z R EE RE R 9 JE R
(7] T v o FHAR R A/ o ARSCFSE 52 B M F T g
TR BS 5 B J7 3, SR AN T BT X sl it b e U
(] LRI 5 BN 0 R T b B0 2% 14 1 FH 4o 3k
SRy HE S B el A A O A R e A SR A e
SRSk R
2 ARAESHIEFRIE
2.1 iRFAZE
2.1.1 A FE SBM AEA
FEXTREVE A AR XS BRI i), 38 H R FHAES:
B B A9 2% 53 At (Data Envelopment Analysis,
DEA) A, 7 DEA BRI | B4 it (1) R A28 ) 45
1 (Slack Based Measure, SBM) 1 L % [E RE TR £ A
7E ARt IR, SBM ALY H T 248 A 277 AR
P IR, FEFREERLE] T, Tone! B 1 T 2Tk
B ) SBMAR A, 2 8 T B ™ AN IR BRI
P IUA I R, #F SBM-DEA A5 78 [y ] i 2%
o, 3E 2y 1 2 A PSR 3G (Decision Making
Unit, DMU) &R {EAE T 1 B0 . SBM R 5 1%
5i DEA BRIARMELL DX /37 BRI BAoT 2 (A 1 22 57
Andersen 55" XA %0 DMU #E— 25 X 43
AR BE I T VR B R R 83 A5 ( Super Efficien-
cy Model, SEM) . TEHRERCHERIEIH  HA DMU #9584
SEAT VA T F B T 8 0F 49 DMU LU a9 HAth DMU
PR, S0 DMU ZERTHT AR 23R R
T 1, W] LAXT DMU BRCRIEHEATA 2UX 53 o Tone £
SBM HEAY [ Lt |-, i — 20 T A SBM AR
UM SR A% DEA BT SBM AR R AH 45 & 1)
— AR HER G T 2 ML AL LB B AR SBM

BRI BERS X 70 4L T RTHT IR A A ZCR DMU ., RERZR
BRCRITHE T A BB A ZER A R 48R, A3
Z: MR SR , ST BRI R IR 25 B R A

RN,
l_ﬁn;s"/xk'"

M 1
1+ Ma‘](mzlsfn/y;m + ;S?/b;l)

p=min

S1k=Tk#k (1)
r K
t_t .t —
2 Z 2 Vin = S = Vi =1 M
= 1k=1k#K
T K ,
tyt — s
Z z z,by,+s; =by,i=1,--1
=1 k=Tk#K

z;=0,5"=0,s" =0,s" =0,k=1,---,K
o p R BB IR LB OB 5 s (LR L B 5y b
I MRERBEIE A B P AR ™ s N M T
I RRBEIR B B th S AR - R A
Bt ko3 ARERES ¢ AR A0 FNEE kA b X5 2 AR B

=1
AR,

(s5.50.57) AR n A BEA S m A W= 1 5
B i N ARIIER P A st g (X, p0. bl ) R
TSRS & HLIXAE o AR 0 B A= Il i, AR SC
T AT AFE BRI RETRTH B AR B A
M AR ), 2 = o Bl 4 D sl g A &
Bes , VANEHEI SR = O ST IR(E TR T A e TS 4
S5 2 A e bR, N MAXDEA7.0 B/l
25 SBM AL B 1997—2017 4F # ] i 45 9 45 IX.
REVRZR AR
2.1.2 B E EAE

A% BE AR T — i R A T AR 28 B eR A
S B 0 T7 , HApE s RS S A% B ok 4 bt
FHAF I A5 T S HRAE , X R B B B A R,
12 FIAZ 3 B AT X R TR 2R B RCR I T A 15 31
HMER A MR, 43 BT BE JR 25 5 R0CR 3 AR G
HAAXF

)= e (2)

Kb fp) AL AR THE s p BAE T s p bR Ic s s r
RFEARLR 5 ¢ IALPREL h s S8 B IE R 2550
Wi o3 A3 %% BE A T 0 70 R R . AR SORE B R A
Eviews F {4 BRIA 1Y 58 B 55 pR L, #2537 1997 4. 2007

http://www.resci.cn



152

AF 2017 AR S TIAL N 9 48 X BE TR 235 AR UL B L
OMA L, o3 i UG E 78 RO A% 8 B it 2k S B
A RFHEREAT 0T, 256 178 15 S Ik B T B RE TR
LRARRIZAENE L o

2.1.3 2R %

b PRI 45 BB BRI Hy FE L R A5 1) 7S, 4
N e 9REh 30, W TR T XU ) 5
HLBE TR AR IS R 3T i3 2 i iR 451
Bz B T2 25 R A SR B 1R LA
WFFEI A SO Bly BRI 45 7, YU B 5L
TR AE IR LA 5 R I E RSP R RS R
[ RS AR IR Ay o AT

g=1- RL‘ZZ;RI'O'IZ (3)

S g R PR X 380 8 Lo R X X
B RAN R, A5 R4 X AR R X 2R TN IRREA B
o} o 43 2 TRA X Y T 2. q BIE
M0, 1], g AR, UEHA PR R X T RE IR ZE 5 ORI
SRR LR
2.2 IEFRIEELS EiERIR

W7 DX S TP R R R G SRR A RCR T
WP FHES & A RRIRZE A AR B AERL (B 1),
FEL LAY A A RRIRZE SRR PN iR R R, HLAE
FEPR UL UL 2R 1 o, BEASAE A S R 424 P Y
SR 3E X R ZEAE R 5 SR ARG T AR R T IR Y
WS & B, R 45 SR ok ok 22 48 i BTk BN AT 5 5K
bR, i R I F RS AR A YR T . A S
8 IR FE TR ) I AR R4S L 4y Bk

42 1

B NS AR T E IR AR XA
JIAE TR 98 HATECA T, FR bR B Rk IR T
(P EBEIESHEE) (P E SR ),

RSO S BRI B AR R R, i
BN AW B A D RAE T . WP B 8 TS
W AR ARG T BREE R
T kS A X HE T YT AR SRR
F 3 AL SRR S T RER R S .
8 T 37 2 S 4% GDP e K (R ket & &
AR bR, 0] LA U Wkt S AR A KE o T
8 T01 3¢ H A B TR RE B AR 4R v RE TR 25 A AR
R AR KT R R R B EE S Y,

REIRLE G RCRZ Z MR RN, (£S5 WA
T LA [P, SR IR S8 1 % 2010—2017 4F
ST OC SCHR A TR 2R L & BB A R BRI
REVR LI W A 57 3 kb N T AR UK (T 1L iR
BE B FOohE Al 2 R R N B
FEMVZER RETRBLTE BEVRTH TR 45 AE H AR TR LR
BRCRA EEY W, RS AR AT Ak AT L
PRI T, SRyt b 1 AR SRR URZE A RICR SRR
A g XL ] 8 H S A B0 P A PR IR, BF 9 BE BRI
NE@7 3 Q75 il I = N N A N G 22
FERCHE REVR TS 2R &5 40 AL K A T RE R 25
BORIR SN R 2 b7 o

A o 32 AT M BRI R, WA N T
AR GO WAL KOS e T R
R, AR S ZNF X 4 AR R T 4301 : OB AL
(X1) o 2511l DX 1) WA B3 ASGHR 3 5 M) b7 UM ) 52

oA T S T
I I 1 | I
I I : I I
I I I I
I [ ‘ == I
I [ E%j‘i RETTR B78 (IS : || AREERRE |
| L ERR | RRER Ty g |
- 7 s, 5
kol IR e BB N |
I [ I I
| o PNEL s ¢ | U | s |
: [AZS |J:> i 5 HIAESHERS s EmE :
| | | =R > AR |
om0 BRI o I by
| [ |

N 5 % b
|

Bl BERGABERERIELR

Figure 1 A conceptual framework of comprehensive energy efficiency
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Figure 2 Kernel density distribution of comprehensive energy

efficiency in the Yellow River Basin
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Figure 4 Radar chart of comprehensive energy efficiency in the Yellow River Basin
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Spatiotemporal change and driving factors of comprehensive
energy efficiency in the Yellow River Basin

GUAN Wei"?, XU Shuting’, GUO Xiuyao'
(1. School of Geography, Liaoning Normal University, Dalian 116029, China;

2. Marine Economy and Sustainable Development Research Center, Liaoning Normal University, Dalian 116029, China)

Abstract: The Yellow River Basin is an important energy base in China. The comprehensive
energy efficiency of the Yellow River basin directly affects the ecological protection and high-
quality development of the region. Using the super efficiency slack based measure (SBM) model to
measure the comprehensive energy efficiency of nine provinces (autonomous regions) in the
Yellow River Basin from 1997 to 2017, the nuclear density estimation method was selected to
analyze the temporal and spatial change characteristics of comprehensive energy efficiency, and the
driving factors of comprehensive energy efficiency were analyzed with the help of the geographical
detector. The results show that: (1) From 1997 to 2017, the comprehensive energy efficiency of the
Yellow River Basin showed a U- shaped trend of high- low- high. The comprehensive energy
efficiency of the Yellow River Basin decreased from 1997 to 2003, decreased in 2009 after rapid
growth from 2004 to 2010, and increased in 2015 after continuous decline from 2011 to 2017. (2)
Spatially, the comprehensive energy efficiency of the western provinces of the Yellow River Basin
is relatively low, and the comprehensive energy efficiency of the central provinces is greatly
affected by multiple factors, while the comprehensive energy efficiency of the eastern province
Shandong is significantly higher. The comprehensive energy efficiencies of the eastern, central, and
western provinces and the upper, middle, and lower reaches of the Yellow River Basin have all
changed from spatially unbalanced to balanced. (3) With regard to the driving factors, the
explanation power of factors is in the order of financial decentralization, urbanization level, human
capital level, and the degree of opening to the outside world. Expansion of local financial expenditure,
acceleration of urbanization, upgrading of talent structure, and improvement of opening-up in the
Yellow River Basin jointly drive the improvement of comprehensive energy efficiency. Give full
play to the comparative advantages of the Yellow River Basin, and strengthen collaboration within
the basin under various policies for promoting the ecological protection and high- quality
development of the Yellow River Basin.

Key words: comprehensive energy efficiency; environmental element; social element; Super-SBM
model; geographical detector; Yellow River Basin
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