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Tab. 1 The system of energy use efficiency indexes
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Tab. 2 Expected productivity efficiency(R,,) and unwanted productivity efficiency(R,,) indicator system

7= AR bR
AT — —
W= R (R ) FE 1B 7= S OR (R )
[ 5 %% 7=/ J3 o6 -y J5 GDP/Ji It Tl A A T /¢
ol N E /7 A 19 K HE R / ket

KIRATEFE/TT m® AR HE R /¢
WAL FE /¢ PM.s/(pg + cm™?)

BARE/OT kW« h™ 1D AR/t

REVR AT FE/JT « b
TETHEAAER E e Super-DEA, B 63 T LA R IR S % “ 4 (0 A B R A 7 SR B B 7 2R F AN TR) O 20k
DEA #8818 B Pr M B (VRS)”, I3 —J7 11 % JE 3 & T DEA &R H k= A IR Z A 2% DMU,




% 2 4 B R LS G KR T T A BB A R AR 5 AR A 49

BIHCR % F 14820 S BRI WA A L 5 3 11 Super-DEA , 76 85t A 20U 7P 0 bR 9B A 138 FE 5.
3 ETERSSTHEENANEARGUNE

AR ETIE Y 4 A ZHOSCRAR AR Y B B LR PR AU ST P DR AR SO T 3 A3 A B PR TR T B
R RCRAE PR AT R4 DL DR AIE B8 R 2050258 I B30 0 ok ~7 M % R AT L

BB R e AR BECH — 1) s 3 F Z-Score (9IH— 46 J7 X 3R 4 A0l S7 B 287 G R0 8 bRtk A7 i 4
A AL B R S B4 43 A 5 D 25 SRR L O DA g ASCER HE AT INASCR T A5 3] B TR g Bkl 2% T RE IR 2% 60 )
RAGASH M KPR

S"=0.281X P, +025X P, +0248X P, +0221XP . €))

FOWR % 18 B R MU Z-Score Hr e A6 AL 385 R85 19 43 A1 S 35 ARUbs HE TE 28 434 DA 43 A7 A6 57 (8. S fi R TR FH 28
AR BT etk M X Z-Score ARUEAL S G X ~ N (0, 1) B ERKE ST X AR S =S +1
(10975 AT - U8 R A A5 00 3545 3 8 T L0, 1 ]34 4[] B J2 A SC i I B2 14 B 905 R FH 80 46 40, 1B B AR
SCIN BR8P T e 0 4 BRE HAF S R

4 SRIESHR

4.1 BERFAREVNESER
HRAE EIE Super-DEA-PCA KR, X 8] i 2845 7y BT 0 75 0 28 T 19 BE D8 A1) R0 8 B0 (R ) #EAT TN 5.
53225 (B K SCAR S )45 BER} 25 I B0 Ui 28 0 )1 48 94 3 B /08 DX, L 1T 4 8B 4 T T KV 3 B 1 4
THE BB DU 48 A0 ] i Sk A A 8 AN 77 AN IR Y TR R R AT I A 0k R L 3R 3.
x3 HARBAZSMETREERENANEEBNESER
Tab. 3 The results of measuring the energy use efficiency index of each prefecture-level city in the Yellow River Basin
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Tab. 4 Regression results of absolute convergence verification model for each flow segment
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Tab. 5 Regression results of absolute convergence verification model for metropolitan area and urban agglomeration
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Tab. 6 Dynamic panel regression results of conditional f convergence validation model
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Measurement and trend of energy use efficiency in Yellow River Basin from the perspective
of green development:based on convergence and spatial dynamic evolution study

Zhang Xiaoyu", Lu Hanglin®, Zheng Pengfei

(a. Business School; b. Yellow River Institute for Ecological Protection & Regional Coordinated Development;

c. School of Water Conservancy and Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In the dual context of green development and "carbon peaking and carbon neutral", this paper measures the
energy use efficiency of the Yellow River Basin. For the construction of the energy green utilization efficiency index system.
GDP is taken as the expected output, and the carbon dioxide emission factor reflecting energy saving and emission reduction is
added into the non-expected output index. The comprehensive index of energy use efficiency is constructed based on ratio meth-
od, DEA-Malmquist index, Super-DEA and other methods from four perspectives, and the comprehensive energy use efficien-
cy is measured by principal component evaluation. On this basis, the convergence of energy use efficiency is studied in different
basins, different periods and different urban agglomerations of the Yellow River Basin, and a panel data model is established
based on spatial analysis for further research. The results show that the development of energy efficiency tends to converge in
the Yellow River Basin. From the perspective of green development, promoting the development of energy use efficiency re-
quires the coordinated development of cities on the one hand, and on the other hand it needs to change the externalities of envi-
ronmental costs to accelerate the improvement of green input-output system, so as to promote the positive movement of con-
vergence equilibrium point of energy use efficiency.

Keywords: energy use efficiency; Yellow River Basin; Super-DEA; convergence analysis; spatial analysis
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