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Abstract: The positive development of ecological efficiency is of great significance to the coordinated development of
economy and ecological environment. In order to study the temporal and spatial distribution dynamics and regional
differences of the ecological efficiency of China’s six important geographic regions, this paper uses the Super-SBM model to
calculate the provincial ecological efficiency of China from 2005 to 2020, and uses the kernel density function, Gini
coefficient, o convergence and Markov transition matrix to analyze the dynamics of spatial distribution and regional
differences. The results show that; (1) China’s overall ecological efficiency decreased first and then increased. Beijing,
Qinghai, Guangdong, Hainan, Shanghai, Jiangsu, Fujian, Henan, and Yunnan have developed better ecological efficiency.
(2) The overall difference in eco-efficiency is large, inter-regional differences and hypervariable density are the main sources
of overall differences. There are differences in spatial distribution. The eco-efficiency of North region has developed well,
while the eco-efficiency of Northeast region is the lowest. The Northwest region has the largest internal differences and the most
unbalanced development; the Northeast region has the smallest regional differences, and both have poor development. The
eco-efficiency development in China does not have the characteristics of convergence. (3) The national and regional eco-

efficiency has the greatest transfer probability from year ¢ to year ¢t+1 to the same level of eco-efficiency.
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Fig.1 The eco-efficiency of internal provinces in China’s six geographic regions from 2005 to 2020
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Table 2 Overall differences and sources of ecological efficiency from 2005 to 2020

SEy ik X3 Within the area X3 [H] Inter-area HBAZ % B Hypervariable density
Year Overall HeH Uk % HR S/ % A Uk %
2005 0.2215 0.0328 14.81 0.0780 35.23 0.1107 49.96
2006 0.2409 0.0334 13.87 0.1069 44.39 0.1006 41.75
2007 0.2409 0.0330 13.68 0.1073 44.53 0.1007 41.79
2008 0.2447 0.0337 13.77 0.1112 45.42 0.0999 40.81
2009 0.2409 0.0335 13.89 0.1055 43.80 0.1019 42.31
2010 0.2231 0.0308 13.82 0.0929 41.62 0.0994 44.57
2011 0.2183 0.0288 13.17 0.1032 47.28 0.0863 39.55
2012 0.2218 0.0294 13.28 0.0990 44.64 0.0934 42.09
2013 0.1972 0.0251 12.72 0.0920 46.64 0.0801 40.64
2014 0.2071 0.0275 13.27 0.0915 44.20 0.0881 42.53
2015 0.2344 0.0331 14.12 0.0814 34.70 0.1200 51.18
2016 0.2386 0.0342 14.35 0.0851 35.65 0.1193 49.99
2017 0.2396 0.0326 13.59 0.1267 52.86 0.0804 33.54
2018 0.3033 0.0420 13.86 0.1639 54.06 0.0973 32.08
2019 0.3681 0.0519 14.09 0.1695 46.04 0.1468 39.87
2020 0.3536 0.0520 14.71 0.1395 39.44 0.1621 45.85

2.4.2 RN 25 5

2005—2020 4775 K H L DX 35 P AR S ROR I e RBOT A L5 R A3 3 FroR, KR 36 e R B0 ¥ (E K #)
IR R P b i X > FE L X > H R 3 X > A8 2 b DX > P g B X > 2 b X, PG bt X X 3 ) 25 S ok, e B v
A0 Hi DX P 258 AR AR R TR 25 B A, LR BoF ] (R G 1 48 2 ] 25 S0 i 8 Ok e i DX ARG 1 X [XC
BN AR SRR 25 S 22 BRI (H R M XA T R A, LUk Bl i B AN, 2005—2020 4% H g HiL X S 2 &R
BOFRET 18.28% , 15 B HH e 1l DX PN 548 10 A= A R0 i Je /KO- 25 BB i/ I o [ 349 4 s AR AL b IX 22 SR i K
s, HAE 2014—2020 AFHG KM BE 30 I sh PEFCHR , 7F 2019 4F 22 53k 3 i K, 5L 8 R BCH 0.5598,2005—
2020 ARG IX e R BEE N T PUAT , Ab H X DK I PN 22 5 B R S T 92 ki X P S A AR K R 1
JEANT- A, 322 J5E R AT R A T B U RB SR P 5 T, Jb o 7 B R A A LB BT TR JiE T A b b XAt A
By, R AL 50 A B ROR 5 HAAS A SRCR B WK, T Bt X AR S ROR & R R, 2005—2020 4F
DX 35k P L 2 2R BUCEA (2 BH A R b DX TG g DX X3 ) A S 250 T 34 22 57 25 R AR /)N , 2005—2020 45 5 b [X K&
JERBU R LT T 42.83%H1 9.71% , HARAAAE ST B I SR ka3 ) BRIV X N AR 83008 22 R A di Vs 97 K.
ZRACHEIX 2006—2020 4 X BN FR 22 S/ AR SRR K B TA
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3 2005—2020 ERBAESHERBAERRE

Table 3 Gini coefficient of regional eco-efficiency in the region from 2005 to 2020

A0y eI ARItHIx EARHIX TR IX PUTFHLIX PaALH X
Year North China Northeast Region East China Region  Central South Region  Southwest Region Northwest Region
2005 0.1018 0.2533 0.1419 0.2507 0.1612 0.2458
2006 0.1179 0.0504 0.1411 0.2610 0.1573 0.2510
2007 0.1273 0.0208 0.1419 0.2528 0.1707 0.2448
2008 0.1239 0.0283 0.1413 0.2513 0.1545 0.2801
2009 0.1686 0.0195 0.1297 0.2381 0.1215 0.2857
2010 0.1483 0.0270 0.1222 0.2281 0.1171 0.2503
2011 0.1635 0.0358 0.0925 0.2233 0.1033 0.2408
2012 0.1857 0.0428 0.0883 0.2180 0.1143 0.2503
2013 0.1512 0.0414 0.0741 0.1777 0.0921 0.2346
2014 0.1627 0.0413 0.1016 0.1693 0.1162 0.2409
2015 0.2634 0.0254 0.1375 0.1720 0.1139 0.2550
2016 0.2981 0.0488 0.1351 0.1850 0.1147 0.2379
2017 0.1948 0.0603 0.1746 0.1787 0.0779 0.2518
2018 0.4128 0.0679 0.1748 0.1327 0.1365 0.2883
2019 0.5598 0.0709 0.1866 0.1687 0.1523 0.3081
2020 0.5153 0.0728 0.2027 0.2048 0.1769 0.3230
¥iE 0.2309 0.0567 0.1366 0.2070 0.1300 0.2618

2.4.3 SR X ] 2% 5

2005—2020 4F-A= 2550 R X 4 0] 56 S R B e T 7S R P X s 2 (] g 22 St iRl 5 36 4 BT, A B
ELJ7 RN 2005—2020 4 X 458 [1] 22 5 SAE AT 20 s e DX 3k 1] 22 S 0 AR A 50, NI AT DL Y DX 3k ) 22 553
HPIE - RAAEAEIL- AR RAC-EAR RIE- AR ARIE-PE L X — SRR AL A AR A X, Al
A DUE ARG X AR AR08 & R 5 At b X 22 8] 22 S A K, 6 8 R B M B3k 0.4799, U H &7 2017—
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Fig.5 Gini coefficient between regions of eco-efficiency from 2005 to 2020
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2020 AEAEAL A ZR AL M X 2 (8] (1) 22 S Aok, P e 2019 4F 73k 0.6228 , iR R AU AR AR L IX 22 8] 25 g ok,
FJe RBIIE A 0.4498 LR TAEIL AR AL IX 22 [0, F2 B PR Ry AR b b IX N B8 103 A S8R KI5 J5 T
A% SHe I F R AR b Hh DX TR SRR 48 T R AR S R BE R R R, R I B T AR b IX AR 2SR /N
HAbH X255, 56 2o fedb-4e7R ARdb-rhg ARdb-va R ARAE-PE L SRR RS AR AR-VE R L AR AR DL
RGP R RS -PE AL P RE-PE L, 2005—2020 4P X S8 b X 2 [A] 3 Je R B RFAE 0.1—0.3 Z A% ol , 5 A Fa
SE U Ml X [0) A 2 ROR 2 s R i, SR IMTAR G M IX 5 HAth b X 22 8] 4 25 5 7 2018—2020 4R A7 76 55 5 1Y

SRR, DX 3R] 5L 2 2R B0 24t 1 I A T S AR A X A ASROR & RS, TEIN i T A B AR S ER B Y T
[Fi] & A1 0 5 At b X 22 [ A 283K KO 28 R 76508 Sl IX i) 22 Sy 4R R - Elﬂr'aé HEIR-VI R Z ) 22
SR, B S RFEEART 0.2, BLHH M X 0] A 28508 K& JRK - T—2L

R4 2005—2020 & EAE X EEERHME
Table 4 Average value of Gini coefficient between regions of eco-efficiency from 2005 to 2020

HBIX b Ix Ftbix A Gl TR HLIX P

Central South
Region North China Northeast Region East China Region entral =ou

. Southwest Region  Northwest Region
Region

AEJL 11X North China

Z5tBIX Northeast Region 0.4799

1B/ HBIX East China Region 0.2197 0.4498

HEGHEIX Central South Region 0.2615 0.4333 0.1913

PERGHLIX Southwest Region 0.2446 0.3747 0.1708 0.2014

VYt IX Northwest Region 0.2885 0.3883 0.2367 0.2548 0.2334

2.5 CIREEERH

I FH Markov 488 50 1 % 4 [ K 7S K XA SRCR R R U TR R, 1T Markov BT R 2
HIE X A SRR T 4325, TR X AR A ROR I 25 SRR, 50 T /A [R50 v 0 3 2 i 25 5E , AR SC
R U T3 L B0 A2 A8 805 3 S TR 43 ) R AROKF- (< 0.4628 ) | BAR 7K - (0.4628—0.6437) | Hr 45 K1
(0.6437—1.0131) F&H7KF-(1.0131—1.0988) | Hi7KF-(>1.0988) , [ /3 45 AT B A BBCRIA T, 4
AR A KT Markov FEREAERE , 25 5 N3 5 Wi7R ATRNIZHBIXAESS ¢« ARRRAS PN RN X HLIXAE 1+1 4F
FPRA . DL EA SR MAKCE R 6], NS ¢ AR BI5E + 1 A IRKE BARAKSF 85K |
B KR A 43514 0.9195,0.0690 ,0.0115 ,0.0000,0.0000,, M HAT LIE 4 BT A 48 Bk
BRORFERE NG ¢ AFF] e+1 AR R [R) S B 6 B i S i K, LUK ST i) v 4 7K Elﬂ%mﬂ?ﬁﬁ‘ﬁbkﬂ?%
FEMER 5300 14.77% F1 16.13% , B LT 00 42 [ A= AR08 A TR o sl R, WA B i 42 sl Bk 2
Jb B2 PR PEIEH XA R AR S A E AL, ﬁrﬂIEJ£7J<¥%$2Wfﬂ%$mjt,,H\Eiji?jl:ﬂﬁc.aukﬂ?m.m7J<
FEEREME R IR 1 AT W BARAK T R SR K B 2R 53531 Ry 28.57 % Fl 14.29% , UL AT LAFE A2 i X
P A SRR A 1) S R KO R SR a3 s ZR AU B IX i T A B 2 A8 RCRAE AT, i LA R AR [l AR K P 5 A4
FR 1, WA AP R 1, R 0, 3R M X AR SRR 0 R SR 25 16 T —
A1) & AR 1] FARIK T 3 R AR i DX AEAR K ST i) 85 7K | v S 7K T 1) B AR K P 19 5 B 34303 R 9.52% Al
14.29% , 0] LG HY SR i X A S R0R A & SR A7 I sh vk, A Itk A 12 M A1 v i b DX IR /K SF- g
ST AT W AR A AKOT ) 5 i AP R A28 53 301l 14.29% (28.57% F1 4.76% , 32 W] v i b [X
AR ORI K B HAT P ; PO R X 5 H At 3t X BT AS ] AR K 1) B AR K B ME SR A 1, I 7K 1)
H KO AR T AR Y- B e 7K T 1] o A5 KT 5 RS AR 43 0 Ol 26.32% . 16.67% F 30.00% , 3% W] 74 R
i DX A S AR A A ) rp S KOS S 34 A B S i BRI 5 P b DX A I AT IR A, 381Kk
- i) HR A KT A AKOT T AR K ST | H A5 KT ) 358 s K- 388 1 KT ] v A8 7K OF R R A 540531k 28.57%
21.43% 20.00% ,30.00% F1 16.67% , 2B VG I 1 X A= SRR B & TR AT |, B shbkins
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£S5 2005—2020 FFEEHARR D XIBESZZE Markov BRI

Table 5 2005—2020 full sample and sub-regional ecological efficiency Markov transition probability matrix

IR BHERAKF Hh K- K K

Lowest Lower Medium Higher Highest

£ Overall K- 0.9195 0.0690 0.0115 0.0000 0.0000
BAKAKT 0.0909 0.7500 0.1477 0.0114 0.0000

K - 0.0430 0.1613 0.6989 0.0968 0.0000

Bk 0.0110 0.0000 0.1209 0.8571 0.0110

=K 0.0000 0.0000 0.0000 0.0330 0.9670

4£JLHBIX. North China Region /K- 0.5714 0.2857 0.1429 0.0000 0.0000
BARAKF 0.1538 0.6923 0.0769 0.0769 0.0000

T K 0.0833 0.1250 0.7500 0.0417 0.0000

Bk 0.0667 0.0000 0.0667 0.8667 0.0000

KT 0.0000 0.0000 0.0000 0.0000 1.0000

ZZJtHBIX. Northeast Region oK 1.0000 0.0000 0.0000 0.0000 0.0000
BARKF 0.0000 0.0000 0.0000 0.0000 0.0000

HR A KT 1.0000 0.0000 0.0000 0.0000 0.0000

Bk 0.0000 0.0000 0.0000 0.0000 0.0000

K 0.0000 0.0000 0.0000 0.0000 0.0000

1EA M IX. Huadong Region A 0.0000 0.0000 0.0000 0.0000 0.0000
AR 0.0000 0.9048 0.0952 0.0000 0.0000

HR AR 0.0000 0.1429 0.8095 0.0476 0.0000

BRI 0.0000 0.0000 0.0968 0.8710 0.0323

K 0.0000 0.0000 0.0000 0.0625 0.9375

FHEFHLIX. Central South Region 7K 1.0000 0.0000 0.0000 0.0000 0.0000
K 0.0476 0.8095 0.1429 0.0000 0.0000

4K - 0.0000 0.2857 0.7143 0.0000 0.0000

Bk 0.0000 0.0000 0.0476 0.9524 0.0000

K 0.0000 0.0000 0.0000 0.0357 0.9643

PiRg#IX Southwest Region KT 0.0000 1.0000 0.0000 0.0000 0.0000
BT 0.1053 0.6316 0.2632 0.0000 0.0000

4k - 0.0000 0.1667 0.7000 0.1333 0.0000

Bk 0.0000 0.0000 0.3000 0.7000 0.0000

2K 0.0000 0.0000 0.0000 0.0000 0.0000

PiJtHIX Northwest region K 0.8750 0.1250 0.0000 0.0000 0.0000
BRI 0.2857 0.5000 0.2143 0.0000 0.0000

Hh AR K 0.1000 0.2000 0.4000 0.3000 0.0000

BRI 0.0000 0.0000 0.1667 0.8333 0.0000

K 0.0000 0.0000 0.0000 0.0000 1.0000

S [ A SRR AR A RSN N 36 6 P/, LA 2020 4F R E 2021 4R A S RCR I TR A48 6 5 1
R, HUOR A 0, BT 2021 454 B A SRR K R 25 HANTEAF, 48 Iy Z R 22 BE30K, 3] 2025 454
B SBT3 7K o BRI/, 53318 31.06% ,22.02% ,15.08% ,15.90% (15.94% , 4= [E %%
TRAE BRI A T Rt B T A AR R BE

R 6 2020,2021,2025 FHEESHUERERD HME
Table 6 Distribution probability of China’s eco-efficiency grades in 2020 and 2025

4 Ik BAGAT kT R BT
Year Lowest Lower Medium Higher Highest
2020 0.3000 0.2667 0.1000 0.1667 0.1667
2021 0.3062 0.2368 0.1329 0.1611 0.1630
2025 0.3106 0.2202 0.1508 0.1590 0.1594
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AR SC 32 R B B B bR B L JE R B S B AT Markov FE RS AR X 30 N LT L A X AR SBUR I
O3 A AN I 25 S AT IR BE ST, 25 SR N — i R B AR B ERE , 3+ B A 72, Eﬂﬁfrjﬁ’]ﬂ B, ik —
AL R AT A ARG S ﬁ*ﬁTXEEtH A B ROR B SR RS SL BT fHEﬁiij&&Kﬁ%'ﬁﬁi
KR, iﬁTﬂ%"/ﬁZEﬁ%ﬁ o7 > i A5 DN DI 7 2 5 AT, I X e 5 A AR DAL B U5 G B G R A
B R X P R 2 5 ARCRAG Oyl i I A O BB ARG T A2 7l 4544 2, B T RE TR HT AL
AT BORS B AR T4 f?éﬁa\ﬁz ROR X s I3 2 AR ORT UL, AR b DX Rl DX ek ] 22 S5 Ak e )
IR —ZR AU I X 22 S K, AR 2R b DXV S ZR b DX (% SR 30 DX 3k, B8 107 >4 2% ¥ AR 45 sh AR b b IX AR 28 308
AIFRTE . VR T A R0 S I b DX AT i SR U 2 2 A S ROR LIAF A M it S 4k 6k R3S A2
DX I R i ) R DA/ DX R A Ak 22 57 . AR SOV (AR RAESR A B2 M e, Iy 2 4R T3 R T B e BB VR
THRES TR, iﬁi“%ﬁ? - Hb G IR K R U AR d R B R ek D R B e o e L AR Rk LA
R K HER s, B/ 15 G M HEAI , SRS B DA S B A A = B R R 8 B S R L RO SR A B I K
(A ZEAE A BRI AT SR BRI 38 DX sl [ R DXl N A AR R A 55 07 TH A B w8 AR 7= 0% DA v BE IR R
RET-BALTHHLIX GDP AR ™ Hh e KAk, DL i i X AR 0%

32 %

ASCFIFH Super-SBM AR B XS Hi 48 AR AR AT TSR, PR 47 R B X ) o it A T il — 2 R R

OIMT o AR SCRIH I BRREA (B 3 5 A% % BE RBIGIEA T 45 6, P48 SIS B0 DX 38 A A5 50, LA IS i) 4 38 1 DX s A

AR R REA RN A [ 25 () 4 B (1) 48 AR B ROR AR 43 R4 T A% %% B I R ), TR v [ A SRR R e iy
{?ﬂ”’r SIARFRHIE . BRILZ AN SGA R I RE i o WK B0 iE— 2B 4R R 4 1 DL R 45 DX AR S ROR I 43
RIEIATEPEFIER, 55 aFIH Markov R85 MER R A SRR B H B FLEE, S AR AR 2830 1 Tl 42 1%
o IEht, EEL5BMT .

(1) WP AR A SRR 2005—2020 AEYEHES MACH S TF 1 >T AR >R > LIS TL I >R # > > 2
FESWIL> NS > K ES IR > T B SPEPT ST At > 5 S > 5t > 00 )1 > 5> V0P8 > A6 > 1L g > Hk > v
> >IL T > IRV S TR, Wi /AL Gl 55 | 3 AR R RCR B S TR K i ka3 RN HISURRAE , /1 5]
B R R RIS

(2) 7SR BRI A 0K S e 22 B A ) A DX 3k ) 366 J R B8ORS S50 A B2 AT, DX A A 25 S e 3 i
DI ] 22 S 2 2 25 S ok VR, R AU ML DX B B 1) A ABORARR 5 At b DX 2 ] 1) 22 S R E IR AR
XAE 2014—2020 4 i1 T A B A SRR AIGE Y KT 5 I A0 X 2 0] i) 22 5, Jo At b X 2 9] A= 28808 22 = 1
BN, AR HSARAE

(3) Markov FEREHREZ, T FEE /R T 42 45 XS AR S RORFEREME R, B 7h g Hh X AR A A= S ROR 1)
RN, 25 XS I8 Ry [ K- 1] [R) KO e R ME 0 fie i . A b DX A 830 e EL A 4 e A A8 34 i
X AR b DX R PG b b X A SO & e B s M, R bl X A 38 300R S B PRI A A5 34, 75 g b DX AR 2540
FAAREFm h AT KR . X 2021 F1 2025 AFAE SRR AT IO A 4 AR BROR K S 2 e R R R
I AL TR Z 1
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