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Abstract: Low-carbon tourism is an inevitable way to realize the sustainable development of tourism. Accurately grasping
the convergence characteristic and development trend of China’s tourism carbon emission efficiency are of great significance
to realization of China’s “dual carbon” goal. This paper is based on the Super-SBM model to scientifically measure the
carbon emission efficiency of China’s tourism industry from 2009 to 2019. Then, the spatial autocorrelation analysis and
spatio-temporal Markov chain were used to test its convergence effect and in-depth analysis of its temporal and spatial
convergence characteristics. Finally, combined with the infinite distribution matrix of the Markov chain, we scientifically

predicted the development trend of China’s tourism carbon emission efficiency. The result shows that: (1) In terms of time
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characteristics, the carbon emission efficiency of China’s tourism industry has fluctuated and increased in a “roller coaster
style” from 2009 to 2019. The eastern region has the highest average efficiency, followed by the western and finally the
central region. During the study period, the efficiency showed a significant club convergence distribution, from a “single
peak” distribution biased towards lower efficiency in 2009—2014 to a “double peak” distribution biased towards low
efficiency and high efficiency in 2015—2019, and clubs with adjacent efficiency levels are more likely to transfer, and the
later period is stronger than the earlier period of club convergence effect. (2) In terms of spatial characteristics, under
different spatial lag conditions, the carbon emission efficiency of China’s tourism industry has a significant club convergence
distribution, but the degree of convergence has weakened as the lag level increases. The higher the level of spatial lag, the
greater the possibility of an upward shift in efficiency. (3) In terms of provincial efficiency transfer, the efficiency of most
central and western provinces remained stable, but some developed coastal provinces and western provinces achieved upward
transfer, and only a few central and eastern provinces transferred downward. (4) In terms of the efficiency transfer of
provinces and neighbors, most provinces and their neighbors maintain the same transfer direction. Among them, the central
and western provinces are in the “with the bad, it also goes bad” situation, and a few eastern coastal and southwestern
provinces get rid of the trap of decline in their neighborhoods and realized upward shifts. (5) In terms of the development
trend, in the future, the overall carbon emission efficiency of China’s tourism industry will be improved, and the spatial
distribution will evolve from a “double peak” to a “single peak” , but it will still be clustered towards lower efficiency. With
the increase in the level of spatial lag, the degree of club convergence has weakened, but the quality of convergence has
improved significantly. Finally, this article puts forward specific suggestions in order to promote the sustainable development

of China’s tourism industry and promote the realization of the “dual carbon” goal.
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Table 1 Markov chain transition probability matrix of China’s tourism carbon emission efficiency from 2009 to 2019
2009—2014 2015—2019
(ISIES BACE  EEReR AR IYES BARECE BEEeR [EYyEs

{EB&%L . 0.640 0.280 0.040 0.040 0.800 0.160 0.000 0.040
Low efficiency

ﬁd&é&i - 0.060 0.810 0.060 0.071 0.083 0.722 0.167 0.028
Medium—low efficiency

ﬁuﬁﬂiq&i .. 0.000 0.333 0.467 0.200 0.042 0.375 0.333 0.250
Medium—high efficiency

PR 0.032 0.194 0.097 0.677 0.029 0.118 0.059 0.794

High efficiency
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I i PRGBS ELAR A A, B R e HE RO R 2 I A IR AR DG OC R BV R KT 23 32 31 JA 1
BRI, R 2 R B T pe A, AT O, ARk 2S 0] 56 2R 25 R ik Vil m HE O R G 2 N AT

http ; //www.ecologica.cn



9 4 TRBE A P ORI b i HE O R ) 3 A B HE 3 Fitn 3423

REMIT AR AR 23 (A 4 Jmy b S B I R Ok, I 22 3 TR B A [R] 23 A1, e 2013 4F Moran's 1 7, T 2017 4F
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Table 2 Spatial autocorrelation coefficient of China’s tourism carbon emission efficiency from 2009 to 2019

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Moran’s 1 0.209 0.215 0.208 0.204 0.221 0.202 0.216 0.190 0.183 0.187 0.195
P 0.003 0.012 0.007 0.009 0.049 0.066 0.003 0.033 0.071 0.002 0.058
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RS, (4) TERGR K2 S T, PR B BCR AR R AR B 3 e K (74.2% ), HoR O o R AR R
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®3  EREFLBAEEE B Markov $EF AR % 45

Table 3 Spatial Markov Chain Transfer Probability Matrix for China’s Tourism Carbon Emission Efficiency

IR s ek AR it B
Spatial lag conditions Type Low efficiency Med.lu.m—low Med%uTn—hlgh High efficiency
efficiency efficiency
IR P25 )i 5 (€S 0.789 0.158 0.026 0.026
Low level spatial lag [ & 0.175 0.725 0.075 0.025
AR 0.000 0.429 0.429 0.143
[ &S 0.200 0.200 0.000 0.600
BARK P2 [ IS gy & 0.545 0.364 0.000 0.091
Medium-low level BARRCE 0.041 0.838 0.095 0.027
spatial lag L € 0.067 0.333 0.400 0.200
[SLES 0.100 0.200 0.100 0.600
BERK T ZS [ IS (R3S 0.000 1.000 0.000 0.000
Medium-high level spatial lag BARRUE 0.032 0.742 0.161 0.065
BER 0.000 0.500 0.400 0.100
&S 0.000 0.375 0.000 0.625
K2 [ S R &S 0.000 0.000 0.000 0.000
High level spatial lag AR 0.000 0.636 0.182 0.182
Bk 0.000 0.143 0.286 0.571
&S 0.000 0.095 0.095 0.810
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EERS S T FERGR KPS A R IR R HE AR S AR A [R] A, (R AT SR AR P Sty 3 ] FL A i
BERIIPET . (5) 1 R KFZS [ 5 T, B 78 = 8RR R B R de iy, SR 31 81.0% , L1 I iR T 4L
Markov 58 T IFE AR , HARSF SRR G R BRI /N TS Markov 6, 5B 2 AR 2K MF R MERAH
FE ARRICRAR SR (RIS i 557 , (EL s R AR R [R]85 B2 B S 394 5, 3R A R K P25 TRl e 1, e
RARER R AW N, ELA S i - " SRR RAF S A JRy . TEANRICR G b, W ) E R ml
REPEBOR, B ORI R R AR TR e RS, 2 Lol DL, 25 s A Jim 7K S AR 28R ) 1) e %
Y2 () e B I ROR A D) 1) LR

N T B AS TR BF S i B it 90 b B8k HIE 350 S e 2 T 1) 45 R, A SC b % BE AN [R] 25 )i Je 25 4F R
Markov 555 558 Markov HERIFEREBEAR Rl E 24 T RCR 1) _LFeR8 1) T He R ali-F A A JE AR (] 2)

2009—20144¢ 2015—20194¢

>z

2009—20194%

0 750 km
[E—'

WeHEBeR

[ i
0 mF
]k

B2 2009—2019 £ A E &R s R 7%

Fig.2 Transfer of provincial tourism carbon emission efficiency in China from 2009 to 2019

2009—2014 44 i I M B AHE LR AS AR th ] 2 s s (1) SR Je L 5 AR 2805 12 i &R ) |
Fers o5 BRI 38.7% , EATLARALAS Gy A AR AS 3 D 3, A8 SRR Ml =5 o R, AR A 3R B I R
RO ARHEBUR AN W ORI RS . (2) IR S DTSR 11 A T ACR AR R R B ITTRZ
PR R L B BOCR E BE W 2E R EBIR 2A. (3) TR i, RIBAE 8 AT AUK i LS,
MBATAPEAL AR A i v . e P b i T RE Fh TR Pl 1A T8 X4 B B, 2 TR Alcas 3, AR B A
ARG DR R Lk e HE AT B M A 2 S 57 T S BRI BREAS . AR IR T b TR 285 e
Sk, BB RURRAL B, (A 205t 12 B 1) 5% A 9 BARIR A

2015—2019 44 Ui i Il B R A 28 VR RSt 161 2 s < (1) Loy T Ib W 45 7 48 T R 1) T %
¥ B TR ZEE T (VLA BT o, BRI TR U0 FP e, (EL A AP R R T BAVE A P I iR T A= A PR I 55
Wt BB HE i ) K BRHETBURCRAT BT M, (R 5 2009—2014 4R AR HE, [0 5688 (1448 9y B0 R B ok /b, K
ZHRORACAP A TR, (2) B IR VLA 17 A RCR AR, SRR BRI 2 2 SR BIAE 2015—
2019 4FRZHCR iR WE L B HE SR AL S AR RN B, (3) LT (AR B AE 7 & AR m)
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RS R DURFI AP R A T 3 e AR T IR T WA AR, A AR I RSO R A, PRI IR U
My B HE RS R BRI A

2009—2019 4548 WU Wl B HEBURCR 25 [RIFE RS I 2 FiR . (1) InAR I vg | PO 5 9 44 i RCR T 5%
%, AR 2015—2019 4FEA T AL, WAL 7248 Bkt T i s, Bl R se sl m) B#6R, (2) B .51 R 4%
15 A HRCRRRERR, & LRIk 48.39% , F AR P, v 145 Sl dite b e HE TS0 R0 2% S22 30 4l 2 () AEL R S [
A, (3) THE LR KHEE 7 ARCR R BRI AR e A iR A U T RIS A
HKF ,2009—2019 4 44 Sl el i HE AR DL AR R o 3, e /D B0 ifg & 3K 48 T RN S e 48 T ) b
%, FE P TR (H DB AR A T I T R

1555 Markov £ 45 S AN BB S W X IR SRR LG O, N 25 Al 5 IR B AE N, LI 3 B R
BT N [R) 23 (R IS KT T 48 38 S AR SR i AL

2009—2014 4745 355 S A B0 Il B HE U3 2 [ R A 8] 3 B « (1) ZEABBUIR Wi B HE HUBCR 10 T e
NAAETT  BRIRTE BT RS 12 B TRCR I N, S B, K2 il i, e AR e S8 18
55, ARMESS I SR IRACR T W i R, PR S 30 o i AR 3 R AR SR AR R RN . BCR AR FE TR I 4 T A B
5 1LVE IR SE 6 AT, AT ECA A, Hoh AR PR A T A R ORI EEERS A T AL R
g T, EATIE R B 25 i & R 3R T U FE A A R | 52 75 ), kel 7E XSk A e s . BRI,
FEJE A8 T i e R HE RUSCR R R RS I A T R A 1 S8 s L B LAB R R W A, (2) FEARIERALR
TR T A A TR T, WEh BEPT U =4 i SRR BB R A,
I PU WV 775 R YA T AR ) 55 A%, Wl DL A B SR i iR s & 38 1 2 0l DX % R sk U HE R
AINETPG R D BRI BRI HERON BF . (3) TEABIRACR M BB RS A A T IRCR [ T 5% i
VLI AR RCRAARR TR T R SN 8 ek m LR B 0 R 2R 19 AT =TT

2009—20144 N 2015-2019@ ;{”\
{ N\\ 5i J P o ﬁ

B3 2009—2019 F i E &8 R R g kil B HE i S R

Fig.3 Transfer of tourism carbon emission efficiency at provincial and neighboring regions in China from 2009 to 2019

2015—2019 4F-45 4 K BB Pl BRHEHCHCR 23 [ EE AL AN IEL 3 Pz (1) 7R S i b A HE O 3 ) - 5%
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R 2T AR Loy b AR A SR ) R R SR T S BEUAR R R, S AR A2 T 1 — 2K,
AR SRS W 4 SRR . (EAES T 2009—2014 4F 48 (3 B0 KR L/, Bt L W RE 55 10
BTSRRI AR, 5 1 32.35% , SR 3 om IIZR A Ao ) B#eR%  th T L LD AR 8 9 D5
B, — B AR R X, RIS DT AR SR WL, HL R Y 8 SRR S A5 R Il A WA TR 3 /0N, PR e 20
eI EFeRS . (2) FEBIBEICR IR E T, S VIV S =R 1 R AR, 11 L LR
FEORFFFAR . LT TR BTV 00 ORI ) EReRS . AT LS 2000—2014 AFAHEL, 1] B RS 14 1y WA i
Wb T ] ARG A 3 T E N, (3) FEARBRR ) ERRR R SR AE T, B 4 T AR 1) T R RS F ) A%
AU E VYR BEPE T I5 VU SR R AR o 3K T RE D DAy v [ AR Tl e HIE TS8R A v, v 203 25 1] i
PEFIANSE 5 -” REARATRE | NI R 2R 1y R AR A T

2009—2019 445 P K ABHR P Ml AR HERCHCR 2 [ EE AL AN TEL 3 Bz (1) 7R3l i b B HECRCR 7 - 5%
FeBYZRAETS  LIAR VLV TAEAE 7 4 AR ) T 56, 3L 2 3% ROMRSR B R0 . 1R (W)L (2 BL5E 10
BTRCEGSFEAS, & 1 32.26% , Horb LUh AR i 3, T LRSS N R 280 bl A T 7 0O iR il &% Je vk
REAYIRIRRE , A St il , AR BIRASCRZ B3t 2R/, 30T AUAT | B = i RCR 1) L 5eR%  ENTIRIRL A&
B TEARBSCR R W, AT LM I o (2) ZEAR SR IR AR B 2R F R AL S8t PR 48 80 1] T %
¥, iTRES A A ARIREENGE S , B B AL I, IRl TR 7 A 5 1 B v — 4 RO AR5 A, A AT 134
TRWE A il IR B, 15 83 T s RAFRGEIRISON 7 = WL R A AR ) LR R AR I
b AR — R, L B R G R B AR (RIS A R A AR A A T, S B A AR RS ) RS (3) 1ERBHIR
o] PRSI T B B T ) N RS i SN VLR A ROR R R AR OO R A AR 1) RS
RS #3219 2 [ SCHRALN

3 sERE A AR R B B T

AR DS ) 123 ) 4 BE IR R T 2009—2019 4 i [k I b e HE RO % 22 SRAEL SR (R R0 0, (R B DA AE
T, T ERE AR HE BRI R R i s RARIRESEA R A A g lRIREAE S an el [R)RE (A
RRATRARY . ST, A SCRg T B Wl B HEOR0% Markov 85 (AR B 2070 6 B, B2 A n #4108
5 I5F Al B HERCROR SER IR n AR 7S | B4 S ORI Rk B BRI M SRR B ) 2
[ Markov 45 BIR 377 5 W 48 7E AN [ 25 [0 J5 4510 T, B1~28 8] Markov S MES5G B8 (R B o0 AR A P . 3 e
H 5V REREGRE AR IR T X0 LU, 45 2R Hh B e b A HE 803 i & ke s, v B i b Al HE fif 3
1) Markov HEM B MM HEFE AN 3% 4 TR

R4 PEIREEL B RSEEB R RS HERE

Table 4 Limit distribution matrix of China’s tourism carbon emission efficiency transfer

s N R ES REES P &S
23 (AL I & MA B %”5@ ”.ﬁz
. .. Medium-low Medium-high High
Spatial lag Low efficiency .. .. ..
efficiency efficiency efficiency
WILAARZS Tnitial state 0.226 0.484 0.129 0.194
AN P (BT I AR BR 4 A
0.167 0.499 0.123 0.211
The limit distribution without considering the spatial lag
7 s [a] i R R BR 3 A oK F25 )i 5 0.444 0.424 0.071 0.061
Consider the limit distribution BAK P2 [ e 0.099 0.678 0.124 0.099
of spatial lag BRKPZS [ S 0.018 0.618 0.200 0.164
E7KOP 23 [E] IS 0.000 0.197 0.106 0.697

M Markov H% AR FR 20 A7 46 B4R, v i Ui b B HE BOSCR Ao 8 TR R RCR VBRSO VB S RCR M S 30%
HIRER 530 16.7% ,49.9% ,12.3% ,21.1% , 2 I AR — Bt [a] P, v 48 Bl il e HE SO s 3 4 rh A B AIR AR
KRB ez K2 REVT L, R A RCR R R AR 5 30T, /0 3920 . ] UL, R 2k Hp i i b e HE ik
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BORBRSEAERF PR (i 16) T B I A, L SRIAG AR 1F T R AR LR AR M HEA TR LU, A AL TR AR R
RO IR TR AR | T AL T BRS04 T S e, 2 W 2R ok v 561 48 S 30 b ik HE TR
BRI b TRASH R il e R o, (EARLSR PR [RLSSONE AR X SR U A a5 . K TR 3 Bt 22 5% 1) oo Bl A R
JEB Ber It PR A B R A% PSS AL A 2 B R R SRR b BRI Ml e HE ORI T, 2
BRI SRR R ZE I R Ry 8 (R () e ST AT s o | (RS [R5 A7 T #0553 , AELAT S A ) T8 AR AR
1 FLIGE” T3

MZE[8] Markov i BOH BRI AR R, 7R [R) 25 (61 i 2% 18, i i L Bk A i A0 R e R A A 5 i 25 5
RS HIIR A AT FE AR PR A T X HE A B, AR RO 23 el 5 A5 0F T 2 TRRCR 5 B IR AR i ] e P4
R TS T R R S B OR A n] REMER/ N, DR MAEAR K P23 [0 IS, AR r e i e ol o HIR S 883 22 30 XL
W™ G o FEBURK P25 (a0 5 26 0F T, S SR A BRI AR A, T AN AR I B o A 5D, m] DL A B i
AKAPAS TN J5 T, AR R e b e S8 ST R < RS0 ™[] B ™ 3 Af AR TE 8 R v 2 ) s 2R AF T
SBIRPL T RBARBSCR B AT REVETI IR R (A RA il | B i ORI s RO AR A i LT R WIS ik
P fE S T, AR R Al AR HE CECR AT PR R g A (EARESCR A (3 AN W T B ) R RCR R
IRTRHEeRS . TERIKFAS IS 26T AR RAE R AR A AT B R, S B I AR AR A8 BEAEEL AR 9608 ) 25k
Lo AT LA R 23 11 o A5 T, AR P IR il B HR R AR S B 1 P s R e« B ™ 3 A i g 84 3 <
W™ 3 A ) S P AL, FE AR AR B BT, R BE AR T 11 B AR AK S 37K 1 R -7 SR IS AL

4 FHitH5EW

AR SCR FHB A% -SBM AR ST 2009—2019 4F H [ jife dite b A HE R 1 55, P45 & A8 58 Markov %
ERIAE Markov BEAFRL 2R F FEL R 0 Ml Bk HE TSGR 1 I 2 AR AR S0 R 4 i, ) 2 0 HG oK ok & J k| &2
BAEILITF 458

(1) MAISFRIERAE R, A i 2l i HE B ROCR AR 2012 F1 2015 4R kA R4, 78 2014 F1 2017 438 5]« &
g B ead i 425X R ELE sh ARk (R IR R 9218 TS, Horp AR RCR YA > PU R CR Y E > th EUR 1
B, BT E R R HERCR Y 2 B W ERF R R 3 A, L e 2009—2014 45 BARRCRH AR HB
AR B, A SBRCR PR IR TS S R T RE PR RS K . 78 2015—2019 4F | WIBR 25 20 AH AR 38 [ Ak 5800 ik,
JRERCREE N PR, BN, 2015—2019 45 H AR 58 [ [ 10 8500 558, HLACR 0] T 568 19 T R 1
WK,

R, B S TRAT T O 2 DX sl it eIl 2 Jre 1 [T s it e all Ay i s HE TAEAS Tl AR , 555 AR AR B R AEL AR 1
AAEON , H R A4 SN < AL B B 8 114 8 7, T el 3 A1t 2 o R Ul e HEOBOR I B R 4 A 577 1 I
FERCR B TR E R R o LR AT AR I AR08 AR A 38 i, DX P [, RPURRG S Jth e 9 S8l A3, ™A% 5 4
i Wt HE AR AEAHR IR M 4548, FTHARSCRAR R , 1 30 B 51 ) = R AF AR AR, SR m) R

(2) INZs [ERAE A, MR A 2 1] A DG IR, v el e el e HE Al 5836 252 B0 8 38 1) IE AH DG G R (EUMH St R B
WS A, BE T A8 [B) Markov % AT A5 7EAS R IS 254, o D 08 b e HE FRO R0 36 1) 2 0 3 A AEL AR S A ] 2K
N, Bl 2 (B3 5 A F A BT AL ARk ) Ay T PR 2 B0 559 A A5 3, LA R 7R 358 R SR O M SR AR 2R AR
B BRI i HE AR e A T, 2009—2019 4T [ 45 Sl el ik HE R LAk e o 3=, e /Dy it
RIRBMHAPREE N LR, EE s h R R R RO AR e R RS, o 2009—2014
AR Oy EEL TR IRZ VA O SRR PR nT BE MR K, DR T S B ) R . 2015—2019 4F
RELARFF TR T BEAANAR H ) F RS I8 1 i 3508/ | 1) R 48 00 A7 T3, DA 38 B 40 3l e i
B HE SRS TR, 2009—2019 AF 44 Sl il e HE BOCCR 5 BR 22 55 JLARIREL 78 77 ) D — 35, BVAE
FECTARF IR AR B BRI R A, B, 2009—2014 4F K 25034 kb T i SR 21 )
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Jot e Ak 35, ME LA AR BB, A VR 28 B 0 I (BB IR S ) PG 6 A T AR 0 22 55 R IR Y AR PRI o 4 T
RS2 IR, 2015—2019 AF R Kb 74 88 iy 55 SR IHE RS 7 18] DR 45— 2, D BOR R I 10 M1 PY 1 450
TR AR IR T W AR A R AR, S B ) RS

PRI , 245 ) SR BB 5 2R 6] T R R 0 L Bl R A BT R38R0, B 5, AN 98 48 T 22 I 9 25 (B OB G R
e HE R P I B iy 2 2K A4 2 1R, TRACHR F Db , 9™ O Ui LRSS0z , 48 T 48 T 2 )i s K, R
IO M ZS [ SRS 2R, X T30 0 457 ik B e A T MY R 2 T I &, AR DR BRG] _EHe RS 1 nh S R
AL EFnsi o Ja] LA T RO s (A0 11 IR L EL A B - 2RO . W TR Z B i h P ik 4s
BTS2 F B BRI T 7, I i i 20 ), e A T A B R i e SR, S BRASCR G A 2
Tk X TBBRT AR AR AT, SR A B M2 A8, 5870 W BB LR 3% | S B IX Sk 5l &
JE B ARCR T BB

(3) R T, R v Rl e HE SR AR AR 2 T2 3 (H R B b TR IR, fi 1)
T oA ARIR OB R A TS5 . B S AL IR T AR T RS L AR HE RSB T
W™ [ BLMGE” A1 PR TR A AN T R SRR i R A A 4 AN W R I, B () R I ek s {EL A [R) SR A
.

DRI, 1 5 BB A IR Ml AR HE TSR ) e L 7 X ” FUAR T, RRUBHE Sl i oL v o 6 e, A
RE—WRY R b AL , A 23 T i ol 7 REDRHE AR, FTRAR W M AR HE OB ARACR R AR 7 | fe ik
el i e o B AR R AR A ) AT, AR, AR A 25 (] DGR G 2 | AR A0 o B M DX R Sk A A
P78l 5 22 )48 5 M g AR B B, A PR A0k o3 ) O R TR T s 205 30K ) e DX M) FH S 310 38 % DL )
P, 2 SR H SRR R ik liy ] Fp8e A e 22 i, DU 5 I DR o R A Tl e HE OCBCR A2 < 20 8 7R
ARESE , S T AR AR O BEABRAS
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