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Abstract: The concept of eco-efficiency was firstly put forward in the academia by Schaltegger and Sturn in 1990. Being
promoted greatly by the World Business Council for Sustainable, eco-efficiency is widely used in the assessment of
ecological and economic impacts in agriculture, industry and mining, tourism and so on. Tourism eco-efficiency was firstly
put forward in the academia by Gossling in 2005 ,and it is an important basis for the performance evaluation of regional green
total factor productivity and sustainable development level. In recent years, there are many achievements in the research of
tourism eco-efficiency at home and abroad. It has received increasing attention in theoretical research and policy
development. The Western Development Strategy is an important strategy of the Party Central Committee,, which includes not
only the improvement of the level of economic development but also the improvement of the ecological environment. In this

paper, based on the panel data of western provinces ( cities and autonomous regions) from 2000 to 2017, the carbon
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emissions of tourism industry and tourism eco-efficiency are calculated by using®bottom-up” and ratio method, respectively.
The temporal-spatial evolution characteristics and influencing factors of tourism eco-efficiency are analyzed in detail as well.
First, a PVAR model consisting of tourism eco-efficiency, scale effect, structure effect, and technology effect is built. The
impact of scale effect, structure effect, and technology effect on tourism eco-efficiency is studied using the model. Then
considering the differences in energy consumption structure of each region, a panel threshold model is established to verify
the non-linear relationship between development level of tourist industry and tourism eco-efficiency. The results show that
(1) the tourism eco-efficiency in western region has gradually increased since the implementation of Western Development
Strategy in 2000, and the level of green development continued to improve. It shows that the strategy of western development
has achieved remarkable results. (2) The tourism eco-efficiency is greatly affected by its own lagging factors and technical
effects. The expansion of tourist scale, optimization of industrial structure, and improvement of technological level all
contribute to the improvement of tourism eco-efficiency. (3) There is a threshold effect of the influence of tourism
development level on tourism eco-efficiency. The level of economic development, scale effects, and structural effects have
obviously positive impacts on tourism carbon emission efficiency, while urbanization harms the tourism eco-efficiency
significantly. Finally, based on the results of empirical analysis, the countermeasures are proposed to realize green and low-

carbon development of tourism in western region.

Key Words: western region; PVAR model; tourism eco-efficiency; threshold effect
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Fig.1 The evolution process of tourism eco-efficiency in the western China
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Fig. 2 Tourism eco-efficiency in the western China in 2000, 2005, 2011, 2017
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Table 1 Unit root test results

AR 1 Variables t Insc st te
BEIHE Statistics -4.5046 -1.7853 -3.004 -2.9238
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%4 Conclusion & A TR TR
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Table 2 Test results of the lag order of the PVAR model

L L LI (ATC) LA L (BIC) U4 B 15 S (HOIC)
Lag Akaike information criterion Bayesian information criterion Hannan-Quinn information criterion
1 -7.90501 -6.82417" —7.46663
2 -8.04929 " -6.61867 -7.46855"
3 -7.70293 —5.88865 -6.96598
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Table 3 GMM estimation results of PVAR model system
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L2.h_te 0.061**" (3.41) -0.060 *** (-2.26) -0.005(-0.86) -0.145(-1.17)
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Fig.3 Shock response function of tourism ecological efficiency in the western region
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Table 4 Variance decomposition results
sk . v T 2203 i Inse [77 2 531 st 17 22 53 1 te 1)J5 2853 %
Variables Stage Varia‘n-(:e Variance decomposition  Variance decomposition Val‘iél?(‘,e
decomposition of ¢ of Insc of st decomposition of te

t 1 1 0 0 0
Insc 1 0.126 0.874 0 0

st 1 0.002 0.005 0.993 0

te 1 0.006 0.049 0.025 0.92
t 2 0.997 0 0.002 0.001
Insc 2 0.185 0.797 0.011 0.007
st 2 0.01 0.088 0.898 0.003
te 2 0.063 0.041 0.016 0.88
' 3 0.994 0.001 0.001 0.004
Insc 3 0.228 0.736 0.022 0.014
st 3 0.008 0.091 0.898 0.002
te 3 0.088 0.032 0.012 0.868
t 4 0.978 0.001 0.001 0.019
Insc 4 0.29 0.676 0.022 0.012
st 4 0.011 0.081 0.885 0.023
le 4 0.097 0.028 0.017 0.858
' 5 0.957 0.002 0.005 0.037
Insc 5 0.33 0.609 0.051 0.01
st 5 0.014 0.079 0.876 0.03
te 5 0.109 0.027 0.021 0.843

T3 220 A AR . (1) AR AR AR RSN, | S5 R4 O8] e AR A I A28 0 B %) BT ik 24 ik
Hopth AR & R AR A HA {IRRACVE ., (2) X TR e A A ROR M 5, BRI X e it A= AR 3% 1 o
d NS 1 IR 12.6%3% 5 B 3056 5 AR 33% , 2 BRSSO X it A A BOR A s i A et . BORRUN
Xof it Y A AS BRI SE M INR 0.6% B HE M 32825 I S MG 1 28 10.9% 5 BR800 X Ui 2B A5 300 238 1) 5% Tl e
INTESE 1 AR 0.2% AHHSEWZE Y KB 5 WM 1.4% , ST RSN T 55, e i 2E 2825 300 FUE R4 1
i WA 3 WOT 8 I IFAESRE 5 WA B RAE 0.2% , 26 Wik I A2 25 850R X o i LA W e 1k 5 30 24
WX AN R 0.5% 5B LY KR E 7.9% , FARZON X HFZ WK KAE SR 4.9% , J5 8 L0800 % 2.7%,
X FAEA RN 5, $ AR X Heh s B0 A 2.5% , il Uit A= 25300 R RSN, 24 300 A ) Ho = A= g i, 31126 5
WP KZ 0.5%H1 5.1% , F2 W e A RCRXT L5 F 50N 9 F2 MR 835 0 X EARZON 5, 78 4 {0z 3 A
Bl VER R 92% , il AE SRR RN RO, G5 RN B2 I AESS 2 W A0 L, 15 5 W4 ke &
3.7% 1% F1 3% , Feopab A L/, Fi bk e oz ek 5 Ak 45 SR A —30vk . iR e AR 25 8805 1 5 e R 2 B A
BRAANE ZEAE RN, A AR A A AR E T SO R TR A M BB VR 2 4540 22 5 i SE Rl 5| AL Ah AR i
Vet —253H7
4 RFBESHEZMEZNH—F O
4.1 MR HERL RSB

BE R T B 285 b XoF B HE A58 138 7= A TR LR L, i S 1) 2 2 0 I 9 A % R 45 Hb R TR 98 45 W 25 5 1) Sy
BRI AR HE R IR I AR SRR (1) o ISR R UE R R AT RN 28 5% R R AR S 4 i A
iz (31 A0y A TR A A DA A AR A T A

[ 2 25500 AN B ATLASN, Hausman A6 565 114 25 5 2 BH O SR BBUHE A7 BRF B 25010 19 [ A5 S TR 4740 b o) e i 4=
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ARCERFE I ] GERE 28 0% & S S AR LR VERAAE | A 36 45 722 i 5 iR e A A8 AR i AR e 56 &R DL GDP &
BONT IR AZ 5 3 TR AR TR B T SEUE o0 B . B BEE N
T, =p, +Btour,. I(Z, <vy,) +Btour, I(y, < Z, Svy,) +.. +Btour, I(y,., < Z, Sv,) +p,, tour,.
I(y, <Z,) +pX, +¢, (6)
K, e S BIRR A Oy B TE], Z, AT THEAS 5 A GDP Ly, vy, -y, 2T TRE(E, B, B, -8, FASTAIT A X [1]
A THE , tour,,. ] R RIS SR & K- 1 7R R PR (70 B T TR 2 IUE S 1 N R BB R 0)
X, 2R — RN A AR 46 0 R R AKE WL iR & K e, iR 2T, {5 % Hansen™ (A5, XF
S AEE AR RSN AT A 36, 5 RN 5 B

F5 ERITHEREKRE
Table 5 Panel threshold effect test

Il 16 SEHEE2VE

Critical value F P Bootstrap times 1% % 10%

51— JA% Single threshold 33.994 *** 0.004 500 30.181 18.281 13.979
XE [ JHE Double threshold 29.113*** 0.002 500 19.728 12.639 9.096
= [ JHl Triple threshold 12.815*** 0.012 500 13.853 8.162 6.067

ERRIITE 1% MG KV EAR LA S — I R ADBUE T TR A s, 78 5% 1Y B 2 MoK E R4 AN fF
TE =0T AR AR5, RSB AEAT 102 i B DU AN = o [ RN, , 4 7% P A% i BE R 9% 45 4 U A7 A
5 BOBUER RSO, (PR T i B, A ) o SR [0 5 S0 A v A TR R A T Al 5 2Rk 6 B

F6 EEMFERAMEERTHERITER
Table 6 Estimated results of fixed effect model and panel threshold model

] 2 A A . R A A . TR TR i

Fixed effects model Panel threshold model Panel threshold model

Tnse 02047 (-406) s 0125 (-189)  Inse 0,109 (~348)

o 25497 (-649) st SL40ATF (-439) st 0537 (~352)

le 0.0368(1.17) te 0.00629(0.23) te 0.0043(0.33)

InGDP -0.0635(-0.56) InGDP -0.525""* (-6.00) InGDP -0.145 """ (-3.65)

ur 467477 (5.21) ur 3.588 “** (4.61) ur 1.206 "% (3.21)

tour -0.909 “** (-5.02) tour.I(InGDP<9.31) -0.785*"* (-6.18)  tour.I(InGDP<9.31) -0.325 """ (-5.20)

Ejzi?ﬁt 425 (000) tour.1(931<InGDP<9.854) S1485%%% (~734)  tour](9.31<InGDP<9.854) 0,500 *** (-5.10)
tﬁ;?‘%kl“wk 062977 (668)  tourI(9854<InGDP) 0285 (6.11)
tour.I(InGDP>10.587) 0.913 " (3.86)

HHOI constant 3.156 %% (3.36) constant 5912%*%(12.4) constant 2.2217%%*(9.84)

R-squared 0.826 R-squared 0833 R-squared 0787

1. B AR TR S5 H A e i A S 80% Tourism eco-efficiency considering energy structure ; InGDP ; A GDP X%k Log of GDP per capita;ur W E Ak Urbanization ; tour; Jig
i & /K- Tourism development level ; tour. I il & /K F- 7R ¥ PR %L Indicative function of tourism development level

SRRV E BRI RPN T AR TR R A2 N R, DR v P AR TR A S 5 1, 280
KSR (R B e RSO A5 AR AN S T i A AR A B e A BB AR T T P B T e L SR IEAR 3
DL RS B0 1 PG A DX b 2548 Il T A A R R AR, ORIV B R 1%, BRI A2 A AL
HRIRTF 0.00629% KUEH/DHA L E . Xl et i T Ui KRR Ja , AT 32 808 KPR A
SN2 T BRI R BIREM . SRR 5 1% , R AR SRR 3.588% o X AT RE PN Dy 24 iy 7Y v 4t DX Ak
RIEATIRE T AR | AR A i X il DX 58217 A 1 3 i 5 BOAR 8 A2 25 3803 T e, e o Rl A e
IS PRI AS 1 o 52 BRI AR SRR BT o WiRiE i SR ZK PR i Y A= A AR B 52 AT = F 1 TARARONE, A
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Y] GDP XHEUNT 9.31 it AZE—ANTTHE 9.31 528 AT T4 9.854 B, il Weall 119 & Jee i (0 3 1 i il U 24 253K
. BARMRE K AR 5 1%, A SRR EE R 0.785% F1 1.485% , il Ui A & 7K - it it A A 380 3R 1)
IEERR W RS, (FES RS AN T THERNEE = AN T2 5, A8 S A AR, 26 BH o BE R Vi T & 2 % 2 b A= 2
ISR BRI | I 28 B 8 4 AV A AR . A5 B A58 BRI TR 4l b, 25 728 6 X itk Ui A= A5 255036 1) 52 W 5t 32
g/ W BE VR TN 2% 5 a0 i Ui A AN BOR P AR N, R & R AT i i A A ROR M S AR /N T8
ANTTHEAE 9.854 B 4y 1F ] 52 M), (25 388 55 AN 1TA O 970 ) 52 ), B ASE800 3 2 /81 1%, ik T A2 B R0CR IR =
0.109% ; L5 FE RSN BE 4 15 19 , BRI A= S RCRSE R 0.537% 5 BORROM BE4E &1 1% , i e 2B AR 42 1550.0043%
FEARBR WFE M SRAS 3
4.2 AR THRA TR B AR A A 56

ARG 56 TR AR [ I MEASE R Ay 125 T A R fide b | BEERRMIIFZR R4 A (e ) V7 W R H ARSI, A 5 1048 2 7 & T AR
IR ASE IR (%) [m] U e i, RREREAG B0 R 45 SR AN 35 7 i

Table 7 Robustness test results

AR Variables t A5 B Variables 11

Insc -0.117* (-1.78) Insc -0.120 """ (-3.80)
st -1.4227"" (-4.55) st -0.478 """ (-3.24)
tel 0.0003(1.63) tel 0.000196 “** (2.17)
InGDP ~0.525*** (=6.17) InGDP —0.1417*" (~3.64)
ur 3.2527"%(4.09) ur 1.2597"(3.26)
tour./(InGDP<9.31) ~0.774*** (6.16) tour./(InGDP<9.146) ~0.325"** (-5.09)
tour./(9.31<InGDP<9.854) -1.4577"* (=7.59) tour./(9.146<InGDP<9.854) -0.493 """ (-5.22)
tour./(9.854<InGDP<10.7) 0.589*"* (-6.1) tour./(9.854<InGDP) 0.276 " (5.74)
tour./( InGDP>10.7) 0.903 *** (3.85)

W BT constant 5.967"** (13.89) constant 2.318 %% (11.66)
R-squared 0.836 R-squared 0.791

tel ; FHIFZ 24 A Research funding input

K g4 SRR WA TEREIRAS M ATI SR A7 A = F [ TR0, , 25 R BE YR Z8 K AT A A U TR, #5728
(URTE 3 e eI R R F A R R AR A NI et STV B S S VR SN R RO -2 e e e s
HE T IR AR A AR

5 ZFig5itig

PEFR I DR W ¢ PR (0 UG U ) SR RORLBOR i e i R 5 3, BRAR AR BE T 2 i eIl A4 A i, 4
ANHAGTTFRRER AR ) o ITAERAE TN P E & (R R B A8 5 T, VU DR i 2B SR AR W i i, A Y
a1 P X 28 5 R R KPR B A R S g T ELX 3 [ 2R P AR P A SR A L L, ATSTE L
{EIEIEE T 2000—2017 4F U X AR i AR A5283 , 38 T PVAR 1T [T RIEASE B0 368 i i 2B A5 00CR (19 52 1
R AT 0T, 45180 «

55 1, PUARHLIX 7E 2000—2017 4R MR A= AR A WAL AL | iR Uie il 4572 K S K -2 40 S v, R PE AR
T S ok PO S s IX A SRS A A B A . b, = plg NSt BRI A T R X, i T R
Ak FARALAR X, 25 DSR2 ASRCR ZE B, 22 BN VA5 0 AR ARG A5 o I3 T O R AR A 2R 3 , ol D i i
T BRRHERL, 5 1R B IR R B XU S8 ik Ui 13 i MUAR T 0 FE S AR S A AT b AT T Gy B

552, PVAR BB 473 B £ SRS T 235 R 530 RE AR SEOSE0T i A 22803 ) TE Tl VR AR/, BRSSO X ik e
A SRR IE VR RV, TR 4 74 5 b X7 L K AR e DO 3, I i e ol 45 930 o e 5 DX 55 s A T
KB LIS | S22 %, A AR MU SO A T T A AR BB A . e s A AR)™ IR AR Y BUR
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PRI LT T 2, SAELE M B AR o I B R B R BRI+ HOAR AR BRI AR
B A BIHTIR Sl | R HE R PR 2R X VU S XA S PR e A AR A

55 3, T AR RS A B4 SRR 5 B A RE TR D4 A, 2578t XR W AR SRR AR R AL/, 7Y
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P i REVR 42 iy RE TR A AR, iR Ll R K1 Xtk T A SRR R SE M AAE T IR AR , 78 iR i ll £ 4
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BAL I A J& 5 iR i S Rt e R B A A BEAR S 45, SC B — 38 1 R B30, A3 B B o A 2 3R B
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3 3 0 PG M DX 9 A R B R R R ZR B8 20T, S DA M DR L 2 €0 T R R AR BE S RIS
ARSGEAFAELL T A R Il BER 2 Ak - B 5, i T [ AR e P8 M R AN 5838, AR SCis T A R IR ik
X HE O HEAT AN 3, 0F 25 08 T 4% Hu i EVRH 2 45 A (AT A7 e — R i, i ST 5 ml R A OC 0 2R
G583 Jn AW AR AR SRR . R, 18 T HU AR 2 00 ik i A AR A7 I o BAT — 2 )2 (2
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