55 41 B4 20 1) *E &~ 2 Eild Vol.41,No.20
2021 4F 10 A ACTA ECOLOGICA SINICA Oct., 2021

DOI: 10.5846/stxb202009032297

I FRERLL, B by 2L o AR U Ml B R4 7 DX A2 S B HG R PR 3R A 2541, 2021,41(20) :8063-8075.
Wang Z,Cheng J H, Cheng Z H.Regional differences and influencing factors of tourism carbon equilibrium in China.Acta Ecologica Sinica,2021,41(20) ;
8063-8075.

rp [ ffe i Ml fi 350 185 X 35 2= S R H g2 i (B 22

& *
I M FE4R4 2 b4
1L VE I 26 K2 SCAR AR i B , R 030031

TE BRI A BT ST I Ml 2 € (AR K R Y FE BRI 5 T ) 22— S UR-TE T AL A ds R s i 7 I EASE BB A Thel
FERRIESE T 2008—2017 4F b R b B P AR 2 S X2 57 I3 T K-means cluster FIEXF I 73 B 7 i 858 1 4% 4 38k
Pl op A SRR N T Z BB OC R, AR WS N b BRI B HE R = TR O, S BORIFR R T E M 515 07 1 1
THE 1358 J7 t, BRI & R IGZ AL Tk R AR ; Theil $8EUREE R IE— 0 SO T RWERR 5 A4 7E DXk S, X 22 S 32 00
I PN 2 5, TS A 2 5 R R o AR B A 4 2 5 LR Y 5 2% A 30T LA DA i e o e R A B AR Y iR B Bl AR 3 T
Tre e P e R AR T e A R U AR B e AR DU K 5 4545 K-means cluster AT X 37 43 1) 25 SR T LA SEUI) HE 5 o e 229 IR 25
4 TE S 8] PR, 5 D S BRAS DX SO el e 24 65 1 P T 2 S A A A TR A

SR iR P M BRI 5 BB AR T 5 Theil 435 %5 ; S XN

Regional differences and influencing factors of tourism carbon equilibrium
in China
WANG Zheng,CHENG Jinhong, CHENG Zhanhong*

College of Culture Tourism ,Shanxi University of Finance and Economics, Taiyuan 030031, China

Abstract; It is an important direction for green and low-carbon development to study carbon equilibrium of the tourism
industry in the new era. Based on the perspective of “source-sink”, tourism carbon equilibrium status and regional
differences were studied by tourism carbon deficit measurement model and Theil index in China from 2008 to 2017. The
relationship between the provincial carbon equilibrium distribution and the influencing factors was explored by the K-means
cluster and canonical correspondence analysis (CCA). The results showed that; (1) The carbon emission of China's tourism
industry was much higher than the carbon capacity of the ecosystem during 2008 to 2017, resulting in the average carbon
deficit of tourism rising from 5.15 million tons to 13.58 million tons, and tourism industry has always been in a carbon
imbalance. (2) The regional differences were presented by the results of Theil index in tourism carbon deficit, which were
mainly due to intra-regional differences, while intra-regional differences were mainly caused by differences in the eastern
and western regions. (3) Based on the differences of evaluation indices, various provinces could be divided into four types :
the least type of tourism emissions, the most type of tourism carbon capacity, the more type of tourism carbon deficit, and
the most type of tourism carbon deficit. Degree of tourism carbon imbalance was relatively weaker in the first two groups, in
which most of the provinces were in a general state of carbon imbalance. While the latter two groups generally showed a
serious carbon imbalance, and the situation of emission reduction of provincial tourism was not optimistic in these groups.

(4) From the lower left corner to the upper right corner of the canonical correspondence analysis figure, four groups were
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transited gradually from a general carbon imbalance type area to a severe carbon imbalance type area. (5) The principal
factors affecting the change of tourism carbon equilibrium could be identified by the canonical correspondence analysis
method, such as tourism reception scale, tourism economic scale, tourism technology level, land use structure, and so on.
Based on the heterogeneous spatial effect of various factors on the carbon equilibrium of tourism, the low-carbon

development path of regional differentiation is pointed out.

Key Words: tourism carbon equilibrium; tourism carbon deficit; Theil index; canonical correspondence analysis
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Table 1 Accounting formula for farmland carbon sequestration
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Fig.1 Carbon emissions and carbon capacity of tourism industry in different regions of China from 2008 to 2017

Hh [T i s 7 280 A T 5 N BE N IR PR B3 IS5, WFTE0I30) 4794 U7 ¢ T IR 13642 J7 o, T
T 3 A, X R BRI T A R G R A BRBE T R BT S B R EO AR IR BE R, ABIESE I AL f A B

http ; //www.ecologica.cn



20 41 g A R [E R L R4 DX 2 S R P R 8069

KT, e Webi R 2 1 B B AE SN B &, 7E 2012 4F AR, i WAk 2R 28 7 38 AN 248 | AR 3438 KA 8%,
TEMC )5 BB e, 2] 2017 AR R L 24% X vl i i TR A B+ 1 Ry (=
F AR R ) SFBOR AL ) & A SR B AL A B IX 2 5 St 2 R R vh |« AR 285
W A TR I S AR, 45 b DX R A SR AR AR R G R R AR 0 S 00 B XS MO 36 % LR 2R
FE B 55 B AE R R T, Bh AR S R G IR B e e ) AU e iR 48 ) iE— 2B 4 & . B THAA 2008—2017 4FE 4 |
H P b il ViR AR 2 T RS R, T LA B, P b it iR B AR 3 T A9 TR AR, S R 48.66% ,
BRI Z AR fe/ N AL 19.17% , AT U4 [ R e AR 28 7 0 oy M 22 B I 8. I R, — R My
TR WERs AR 2 7 ¥ RIS fra A b DU SRR AR AR 28 38 R R K, E A ) LR f BRI 39% 3 & 1Y)
K 45% ., )i b R e R 2k 07 3G s B2 TR e, R 6.67% LT+ 2 25.54% , JUHE 2015 4R 5 23U
HIER A, 3] 2017 AEEKR ETHE 10% , X 5 4 F BRI —B, TPy iR lieik &2 71 43
B BRAOR T PUHB, AR b AR /N (BRI R R | P Ay ()RR WAk R 4 ) A o B B B
PREF— B FREE MG (B 7 LU BB AR T 1, RIS IR D 4y 8k 2 P ZE AT, A5 A SR [Ttk ]
2.2 R A H AR S B X3 25 SRR AR

it R MR 2R - R A 500 S AL iR b e 349 PR A L 8 D3 A i e . sk HIE T3 g Tl 7k 2 T B0fEL, 25 A A K
(7) AT AR 3 4 [ 30 A48 TiT A it i o 45 S, 4K 1T AT AT 2008—2017 4= 4 [ K 45 Hin IX. Ay il Ui ol sk 143 £y
AREIEATIEAG 87 .

2008—2017 4E4: El iR R % F 4> 918 515 T3 1,571 17 1,687 J7 1,867 J3 1,1024 J7 1,982 J3 t.1068 J7
t 1187 J7 ¢.1272 J7 ¢, 1358 J7 t, WF5 B PN R ek s 5 380k A AE HL 22 B0 b Tk 3, SR IR Uil Jre fip ¢
b F AR, LR SRR P A R P H [ s 1 sz e s 3 it i b sl 5574 7K s HETE 3 i e 0%, il
BAREWINE (B 2) ,dbat 307 g L8 WL 2R S5 b i e o o 7 40{8 (1500 J7 ¢ P ) 037 T4 [ i
G, BRIV YLVE CHOR 5 IR KA T 400 5 v, JLA b DX Bk o 7 34 247 F 700—
1200 J3 t Z 0], ] DLASTR] b DX e Vil e 2 Al R i 25 S B K, SR LR A, ml BB UR T 45 Hh X AR S — 4 BF R B i
BB PE iR B IR A 23 1] S B DA S AR S BRI 4 AIRBIRBE AR 85 SRR PE IR R AN 1 55 | S 3045 b DX A iR
etk IR FAFAER R B 22 5 . ISR N 9 sh A8 G UK, L YIVE  BEIR YL H R | 7 1 5 Hl ) i ek o
FHGC R R ARG HCORARTE 30% LA b NSl R T B A5 b Y AF S 3G SRR TE 6% LI b T4
TR WERR AR T AR IX , Herp NS AERF SR I L 28 R T g K, X T R I R L R i e ik 28 g
HAS— 4R AR Z 8 O (Andbnt | il VT8 VLA 1 ) R i ok 7 i R EROIE K, (HAR 3 KR S A
BAETT B 3 BRI P 88 o 8 (B2 i T 4 [P 37K | W e 6 A A B 7E AR R T B 2 Pl 22, 4
Je AR SN B R R PR A

r OV ikigmohsiof  —— 4Rk q 50

2000 7 40
30
1500 ﬁ
- 20 3
1000 4
10 &

[oe]
i
S
(=}

il
Tourism carbon deficit/ X 10%
i
=
(=)

Average annual growth rate/ %

4417 Provinces and cities

B2 2008—2017 £ & i X ik R F 1 E R E DK R

Fig.2 Mean and annual growth rate of provincial tourism carbon deficit from 2008 to 2017
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B FAZ(8) (1) T [ B 45 M i ek o - M 28 R FR BO TR AT 00 (3% 2) , iF— 298 iR it ik ol
IR 25 T AR AR S N TEAR L, B3R 2 FIHT, 2008—2017 4E4 [ B i ok 5 1Y 28 R F8 B B AL U L7
Wesh s bk, 2008—2012 4F (0], M AR /RIS ENZ ) T 58 — A4 “ U B A%, I 7E 2009 4F 35 3] -+ 4F 5 =
0.4382, 2012—2013 4EZE/RIEBU MBI K | Bl 202 2015 AEAYSEE R I, 7E 2016 AR5 X2 I 54 n] I
ZIT BT AU B BAORE | IR IWERK IR 1 R 28 R BN TR 41 0.4199 FEAIKZE /K 0.1967,
T BRI R K 53.16% , 3% B R il 2R 7 1) R 25 S A o B BB PR RO /N | 33X 2 02 Fh TR T 20 (I (L
DX ) 14K 0 P R X T R i i v M DX A PR 9 — 2l T R T b AR A AR 25 SR I [ 5 Bl PR Y R
IRFEH A 5 LT Bt IFSE N I 43 B8/ T 40.19% F1 72.03% , 156 B LAY 18] 28 2K 78 45000 T o6 33k 88 g pe
THbAT P R R oI M ) Y 22 S N A /DN . A T N 28 IR PR B B A S R M A 28 2K T8 2L
1 2008 4F 0.0581 F& % 2017 4F 0.0240, [ K 55.88% , i 5 30 HUHY 28 /R 35 50000 F B B8 5 HL A 33 | 6
HHE BRI /)N, X 9.98% b 28 SR8 BOAE AR (R LG 2 Ab 145 My (IR IX., PG 350 by 28 /K H5 5% 2016
2017 AFAMBIIE T 2R, T AR B I o 7 25 5 e oK, PEIR R =2, R by 22 S 05N

R2 2008—2017 £ EIRHFEMRFF R RIEH
Table 2 Theil index of tourism carbon deficit from 2008 to 2017

i AR HEs PEHR i’[ﬁ% IR AL ﬂt%l‘ﬂ?fxﬁf‘é%ﬂ( Bk
Year Eastern Central Western Theil index of intra- Theil index of inter- Total
region region region regional differences regional differences

2008 0.1159 0.0581 0.0748 0.2488 0.1710 0.4199
2009 0.1232 0.0705 0.0883 0.2820 0.1562 0.4382
2010 0.1100 0.0489 0.0731 0.2320 0.1201 0.3521
2011 0.0935 0.0366 0.0676 0.1977 0.0750 0.2726
2012 0.0696 0.0266 0.0365 0.1327 0.0394 0.1720
2013 0.0758 0.0275 0.0513 0.1547 0.0496 0.2043
2014 0.0746 0.0284 0.0524 0.1555 0.0431 0.1986
2015 0.0634 0.0186 0.0516 0.1336 0.0373 0.1709
2016 0.0563 0.0240 0.0578 0.1381 0.0490 0.1871
2017 0.0558 0.0256 0.0674 0.1488 0.0478 0.1967

FIEE 3 TR, 2% iy A Rty 1] £ B a0 e 15 7 22 e X 22 e 1) STk IX AR . 2008—2017 4 b 4y 1]
S DTRREE DA 40.74% T B 2 24.33% , [F1II 01T A 2 5 (9 7 R BE R4S 1R, L% 48 B2 0 6 22 57 1) BTk

R T 55% LA b BT N 25 S O R AR B B AR TR A 25 S SR T MR U B R R A 2 LY
R, DA M P 22 53 SRk B AR 170 X FE DR, B 2016 AT 2017 441, ZR 3 s 1 BTk B B K T H A i
M, BRI B R 7 A A 22 S R AR T AR . ) A2 AL RS DR TR, DFFE I N ZR R | V5 A 51
FREE R S B TS SO P SR B AR IR N 7.529% , Kb TN K B B, AR M T DTk AE 2008—2012
AR A R, 7 2013 AR5 IFAG S8l T K, 21 2017 4FAX 28.39% , FUAT Fh s il o kB2 AE BT 58 010K 52 B 07 04
K IR 2 5.80% , AT UL, TEIEE B i et o 7 b iy ) 22 S X8 2 30 R v 8 ) A0S 2 8 AT, % 7 8 A 4K
RS T O HAE 2017 4EIK B I mifl 34.25% . 58 LR P RE A R T 30 4F > P4 &8 448 T iR e B Ak 48 1Y
HRIHRCR 2285 B — 2P IR0 1 [ — 3y PR B o 7 9 22 S AR BE . BVIARTIT 35, vl B 4% e DXCOBR 3t Bk o 57 58
225 B H U N Z2E 5 T A PN 22 5 R R ph 2R AR P A ey ) 22 5 R A
2.3 R Il e X A 60 5wl PR 2R b

FETF i el AH SR HE B TR AR 2% ) MR ek AR - S5 B | 32 K-means cluster XJH [E 30 A~ 1 #5417
PRI (K 3) . Hpe 1 R FEafdeat Bifg VL8 WL G0 (2R L 7R 8 X, 5 [ 2845
R AR AR EPE T R CHOR T T R 10 DX 5 M 2R AR )1 B R BN (B
PO PG TR 7 X S IV AR N S SRR VE VTP )TV a5 L,
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F 3 2008—2017 FEIRFHRIFRFTRERNDE

Table 3 Decomposition of the total difference in the tourism carbon deficit from 2008 to 2017

R A TR o
AEAY Kot 9 TR Contribution rate of each region/% Bt ] R
Yer Intra-regional . N N Inter-regional

o contribution rate/ % Ak s L contribution rate/%
Eastern region Central region Western region
2008 59.26 27.61 13.83 17.82 40.74
2009 64.36 28.12 16.10 20.14 35.64
2010 65.90 31.26 13.88 20.76 34.10
2011 72.50 34.28 13.41 24.81 27.50
2012 77.12 40.48 15.46 21.19 22.88
2013 75.71 37.12 13.48 25.10 24.29
2014 78.29 37.57 14.30 26.41 21.71
2015 78.20 37.08 10.89 30.22 21.80
2016 73.80 30.09 12.81 30.90 26.20
2017 75.67 28.39 13.03 34.25 24.33
4 LA 5 T 428 B DCRR Ui oIl B 4 i e

7RG TR T AR A8 ) AR X AR, B AR B v ik ok 5 K

BRI AGARE fe R, BARIZARIIX A 2

B 1y R U B HIR T S i AR, (ELHR O e R (A

:”:/T‘}'_: \L \?Ijj_j: \ﬁﬁ?l\r_‘;f{%i&) ,aé}:xﬁ‘%iﬂlﬁzlj‘ﬁﬂ: 1, 6,9, 2,3,7, 4,12,16, 5, 8, 14,

B T R AR, A E AR R AR |0y > o, 2.2

HUBL BT, b T (EHER IR AT 1 | 1 25,2

M DX A I CHOR T T A ML, X X ! Il 1 v

T AR B AR R B — B Al e e R A ik T
W HETTAEAI N A%, 26 M ZH 2R A X ( F 2504 T
PUHR) IRl BHE AL T (E X, HI R X B A —
SE B R T A 2 18] 1 — R R T _E REREHIRIA 0 70 e
HERL & T i Ak o 45 e X, i T b ke 2R A48 7 P2 A
FEEE, AR RAYE, LR R TR 2T BRI AR L
SV I DCF B ARTH BOR B B T 70% LI L i i
HA=ZRMIX , SR, R T3k 263l X (A 52
RIETE ) AT A B 1 A AR BT UL S, T LA

B3 ik FNEERHREEER

Fig.3 Clustering results of tourism carbon deficit measurement
indicators

HAETF S RAFR: 1 AT, 2 K, 3 Wb, 4 L6, 5 W5Eh,6 L
TLT A8 IRV, 9 1, 10 VIIR, 11 WIVL, 12 13 R,
14 Y94, 15 7R, 16 TR, 17 Wik, 18 MG, 19 )7 7R, 20 714, 21
WEEg 22 FEK,23 UJIT, 24 520,25 85,26 BRPE,27 HR,28 &
1,29 T & ,30 s

FELERFEARE BURRR BTG, AR M TR A T 2 IR BRSKRFE A A RS IV 22T X AR
i Il B R Al e E AR R A | R PR AL T — SR AR BB R AR A, 8 AR SRR T T IR S (8 A 25 5 A e e L 45

7 WA SRE 1 5 I8 DX A B AR S S BUAR Tl Ao 3% 4

RIS SRR, A T AN T 2R R X

it Ll B A B R T E AR B ARAPRS  ICHEIE AN AR UL, 4 i L AR AR FEAR I (D HE D4

R4 FRFRARFVUEIERNE R

Table 4 The differences of tourism carbon deficit measurement indicators

Jite Yl B HE T iV R # il Ve A
Tourism carbon emissions Tourism carbon capacity Tourism carbon deficit
%5 12 Type | 1.339 0.141 0.859
55 12 Type 11 0.440 0.119 0.238
F M Type 1.169 0.349 0.576
FEIVZ Type IV 0.835 0.613 0.238
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RSB, BT S N R AR A 0 AT ) 2N 3, 28—, 2 N1 S HE e il 9 e A AR BT 2 T AR S 1Y
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K BRI R R AR OGRS R o 25 =, AR DR T R A Y G AR A T T M AR ORI O R (%
5) RN, A b R 2R S 5 — HE R Sl ) e A AR/ S5 AR ARG | BT I 1 — Tl AT G
PRV R T4 A 3k 5 S R BCR P AR — 2, J3ANAER 5 e IBI A 28—k fil S iR W B AR K
- ikl PR AL RS GRS I SUHSE BTN A — il A ZE A 3 R DN A R e B ek ) A
T35 —HE e il SR 22 D UL iR I B AR K IR 55 Mk ke JR K PS5 AR SRR, W] A 1 T Lk 2L 52 [H] -1
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Fig.4 Canonical correspondence analysis figure of tourism carbon equilibrium in China
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W X e X BAT [ BR D RE A 3 o FEB /N SRR T A 553 , Tt DX ol Rk i it IR 55 it 14 At 15
WP P TR WAL R BE T, B HE IR MUASE K RIS FE A I, 2 1 FE] 2 ) 1 R el e R M R 8 o T
SR DU R BR A6 R B PY | B DA Ml B2 ik I U R U PR 1 s ), O A B S B — s A B 1
P T Y 0 B 32 EER A A [l 2 (P I ZR B R R BE T SN 25 iR UFE AR Ky S 8 b, o
iR B A B4 A A AR S T T L S DT A 5ty A5, T 8 M DR L ¢ J T AR SR B B35
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VU | 7 7 2 TR T e fn 5 T 2 A A DR S B ik T PR SR ML A 49 T AT ),k S il X R 22 BT SR AR 25
PRIZ 250 BUR A SR ) BE B s RE A 1t — 2L le oF 2 Mo A= A5 R GEIRIBRBE S OS2 v . 53 A, i 4 i 2R I58 ML
UL REAE X g HEORIE Aol 54T A AT R, 803 St B AR Q8 AR AN A PRI A . ST 35, ik i 4
TR BRI 2255 UL I 55 Ml A FR Y e+ A T 254 4 A2 DR 2 IR iR el Bl 2k R 2, AR 25 fk 40 5
RV R A K- i PR AL REAE S 21— A BRI, T e B U SRR AR BRI 2 AP Y IE £ )
SN, T2 3 DX D0 Y 22 5, A S 1D I A 58 55 5 HE 4% 28 [H 1 By S i PR A DX 22 e A
s

£5 BRHFHEZMEFHXER

Table 5 The relationship between the ordination axes and the influencing factors

» LIREEN AR R R
LIRS Canonical coefficient Correlation coefficient
Influencing factors

CCA T CCAT CCA T CCAT
i 42 5 LB Tourist reception scale 0.264 0.075 0.227 0.079
T 55 MU Tourism economic scale 0.358 0.100 0.303 0.126
Ji 74 ARACE Tourism technology level -0.184 0.222 -0.182 0.260
i P YR B Endowment of tourism resources 0.247 -0.049 0.160 -0.038
MR 45l % JE 7K SF- Development level of service industry 0.155 0.114 0.514 0.125
5 Temperature 0.224 -0.143 0.290 -0.169
F47K Precipitation 0.122 -0.186 0.112 -0.267
T I FH 4544 Land use structure 0.689 -0.013 0.765 -0.014
JiIEFREE AL Tourism environmental regulation -0.116 0.031 -0.129 0.038
AR5 EE Ecological protection and construction -0.223 0.038 -0.279 0.045

3 Fit5iTie

AR FELGRAT .

(1)2008—2017 4, v [ e e s Btk TS0 A it e ik 48 0 e 4 52 LR R 34, LR e b ok HIF AICOZE 1 Ttk 7K
), T3 ER I R FIAE TSSO 515 7 ¢ U BT OR 1358 7 t, iRl K R bR 2 Ak Tk Ok A
AR, HARR SRR AR T, - T, & el B 3516 5 e BUAF AR I 28 5 BRI 52ty JBRJETL
VLPE CHOWN 1A AR 2808 Oy R SR B Ry 7, 8 IR R B — 2D B0 iR 17 R i 0k A% 5 14 DX Ja
22 S B 2% S A i — 2P AN R

(2) #KHE K-means cluster 4[5 30 /48 T30 534 it Ui ll e HE il A IR AR i e e 7K 28 1) e v 2R g i e o
TR e Y R A e e AL DU ZH S A O RS R AE B X B 43 B [T ( CCA (&L H 182 (] 43 A7 % 100 26 5 T 4k
CCA 2 —Hh 252 + R FH A5 M AR 0% 98 U L | A 2 ORP 5 08 i I B 58 ML 1 1 52 i), 65— 3 2 32 i I
BAIKPEFH R, TR SRR EREER], W22 N 20 B A A AEAS oA 52 B ol — e 2 A
S RAIX S A [v) ™ E B R A2 Y DX P A R

(3) XN A AT A5 R R | BRI R RBE IR I DB iR IR AR K | R 254 A SR 5
VARSI B A IR S AR A R B e R 3R . o R IR A MRS R I 22 T USSR 55 Ml i SR /K 1
Lo A=t ) T2/ 4 670 TR 52 MRV 5 R, 0 — 2D IR el ke 2 A A i 2 25 O A 55 18 R E AR AP R I
PRI L) 55 D5 2R AR IS S B R AR S AR B — 5 A ZEARVE o 2% DR 3R X8 MRl sk 22 A DR 285 8 1 PR AROR, B AT — 7
1092 18] S o e | AT 90 b o o 22 S AL R B A B D0 A B A

AR BRI A 255 2 R B B A 1 A 5 35 1 R Y B o I SR, 4K T X 2008—2017 4
F LR 30 o e ) AR 2 B G IX el 2 S R AT LU A S 20T, XA e IR T E AR B HE LT 58 b RZ R % 18 A=
A ARG FERR AR i SR BRI EL AT R R S R P it il 5 140 45 1 BB R 5 RIS A B T2 R
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