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Analysis of tourism carbon equilibrium in Taiyuan City from a low-carbon perspective.
CHENG Zhan-hong'* , WANG Zheng', MA Zi-xing® (' College of Culture Tourism, Shanxi Uni-
versity of Finance and Economics, Taiyuan 030031, China; >College of Management , China Uni-
versity of Mining and Technology, Xuzhou 221008, Jiangsu, China).

Abstract; Low-carbon tourism is an important way to solve the contradiction between tourism de-
velopment and environmental protection. Carbon equilibrium analysis is an exploratory work in the
low-carbon transformation of tourism in the new era, as it has broken through the predicament of
previous research, which cannot clearly quantify the pressure of carbon emission reduction. Con-
sequently, carbon equilibrium analysis has become a new academic hotspot. In this study, com-
bined with regional tourism income and GDP, we established models of carbon emission and eco-
system carbon sequestration to estimate the mean annual carbon deficit of tourism in Taiyuan City.
From 2010 to 2016, carbon emission of tourism increased from 48.85%10” kg to 66.84%x 107 kg.
Transport, accommodation, shopping, and catering sectors were the main carbon sources. The
proportion of tourism transportation and accommodation sectors to carbon emission generally
reduced in the selected period of time, while the proportion of other sectors increased annually,
implying the change of tourism consumption structure to some extent. Mean annual carbon seques-
tration of terrestrial ecosystems in Taiyuan was 122.98x10" kg. Forest and farmland were major
carbon sink, while grassland and aquatic systems were relatively weak in sequestering carbon.
The estimated mean annual carbon deficit of tourism was 34.30x 10" kg, with a serious carbon
imbalance. Therefore, tourism is a significant carbon source in Taiyuan. Energy saving, emission
reduction, and ecological enhancement of carbon sink should be effective ways for future develop-

ment.

Key words: low-carbon tourism; carbon equilibrium; tourism carbon deficit; Taiyuan City.
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R1 2010—2016 F K T ARl Z 581 T BRHER (X107 kg)
Table 1 Carbon emissions for tourism sectors in Taiyuan City from 2010 to 2016 ( x10” kg)
AEy i H i HETE Ui % BIK L7 IR it
Year Items Transport ~ Accommodation Sightseeing Catering Shopping  Entertainment Total
2010 BRHERL Carbon emission 20.52 8.53 1.57 4.98 11.07 2.17 48.85
it % Percent 42.01 17.46 3.22 10.19 22.67 4.45 100
2011 B HETC Carbon emission 22.22 10.50 2.00 4.89 11.39 2.34 53.34
i F% Percent 41.65 19.68 3.75 9.18 21.35 4.39 100
2012 #HERL Carbon emission 22.81 9.99 2.43 6.35 12.34 2.82 56.75
5 6% Percent 40.2 17.61 4.29 11.19 21.74 4.97 100
2013 HEIL Carbon emission 19.53 9.56 3.05 6.99 12.74 3.77 55.64
i 6% Percent 35.1 17.19 5.48 12.57 22.90 6.77 100
2014 BRHERL Carbon emission 18.74 8.61 4.66 8.76 12.10 3.45 56.32
i 6% Percent 33.27 15.29 8.28 15.55 21.49 6.13 100
2015 WHERL Carbon emission 19.6 6.93 5.36 9.07 12.88 5.01 58.84
i 6% Percent 33.31 11.77 9.11 15.41 21.89 8.51 100
2016 THEAL Carbon emission 21.18 5.90 4.92 13.20 16.80 4.84 66.84
17 % Percent 31.68 8.82 7.37 19.75 25.14 7.25 100

683.9844 70 FE T 3 A, H 2 ik Ml 1 g O i
THAE T S 2 M RR IR, 5 SO HE BUZ A3 £ . ) 2010
4F 48.85x107 kg LT+ 2016 4F 66.84x107 kg, {45
HEY 537T%MIRKAR (R 1) . 5 RIS LS
AT LA B 1), & ARSI AR — 2 [H
L 7E 2011—2012,2013—2014 . 2015—2016 4E, jit
Vb AT 5 50 e 3 5 B 5 4 A I 1 AR Ak
B KT BB T S R B 9 2 i R A
(IFFLEI /D, — R B T R HE A 3k,
FE 2013 AL, D T A UE SO 118 1 AH 6] 3 2%
R BCA IR FeRR E H , (HAREE2,
B A S T BRI TR W A iy R e i el e HE
JICAE 2015 4F J5 Ak F I 3 K B Be, #1] 2016 4R K
FEIK 13.60% , 3 FFHIE 10% ., SAEKE iR
WA B BG R RR AR AR TR HE I, (R P 35 1) 22 R AE 18

R Ty S

—an | Tourism revenue ~ Carbon emission
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Fig.1 Variation trend of tourism revenue and carbon emis-
sion growth rate in Taiyuan City from 2010 to 2016

47N, ] LR JETT R e A & S K A A R
PEiE .

2.1.2  SHEBITRRHE T AR ITEASE I, T
KIF T HAE A Kz 2838 7 30, T AR SO T
i BRI RA S E AR, BACER R TiR
e 8 B HE B 2010 4E A4 20.52x 107 kg 34 /111 5]
2016 4F- 21.18 x 107 kg, % Jifc Ui & HE B A9 Lo 5 20 i
42.01% &3 31.68% , AT WLk iF 38 i W HE PR 47 2%
MK i[RI, X B HE R A 5 i B AR/ A2
238 7 AR HE L A A B FE I AR R (3R 2) , Hirp
EMUBRHE L 72 2010—2016 4EAR- 455 9.36% HIAE 1Y
R, fE 22 R HE i Y B FE 28, 899% 14 N F)
47.87% , WA A T T i it 52 38 HE %) 32 2R R 5 2k
SEE B I T Bl o, T o PO R AR R 5 1 2 i
M 2013 AR FRFEENR /D, 31 2016 4FAUH 5.97%107
kg, i 4RSS MHEY 28.19% , (HAiG—2H 2,
2010—2016 AFERIK iR 25 J8 A i 3 13 10% , Bk
HEl 20 R4 A0 T 0.42x107 kg, BA BEFE/N B K
SR AL, SRR T AR R e & Jre 1 i 4 sy =X

R 2 2010—2016 FKXIR TR ERHEA (x107 kg)

Table 2 Carbon emissions of tourism traffic in Taiyuan
City from 2010 to 2016( x10” kg)

4EGy OB Bl R &it
Year Highway Railway Civil aviation Total
2010 9.94 4.65 5.93 20.52
2011 9.91 5.89 6.42 22.22
2012 10.37 5.71 6.73 22.81
2013 6.33 5.41 7.79 19.53
2014 5.48 5.19 8.07 18.74
2015 5.11 4.98 9.51 19.60
2016 5.97 5.07 10.14 21.18
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FERRIFAAE I 18, T ARSI Rh T A
G BB B R AT, BT DAAS SCA R SR R
PLE S AL REFE A SRR WA T Ml e HE TS . ELAACK
F,2010—2016 4, K 7 2 008 i HE R 2011
AEA T L BRAN SRS T . A 8.53x107 kg I3
LF 5.9%107 kg, 78 i il S HE B B LR L
17.46% T K% 8.82% , 5L [FIAT, £ 2 B US
FHAY IR BB 2011 4R34 3] 11714 58 HAR KRR
eI 3 2016 A-{UA 6580 5K, AT IL, B ZARIE 1Y
R IR RIS it Ui A e HE S ) AR A A R 2

TEF TG Bl 5 T, 2010—2015 4F A5 1 i 08 1%
SBRHEN R, M 1.57%107 kg 5] 5.36x107 kg,
AEHER 20.94% , X S HEUR 5 i B FE B AR Y
KL F 2015 G HE A 9.11%, 1B 2015 4ETF 44,
Ui VS I HE S IR AR 3 K, AT R B TR IR B i %5
1 L EREAIC: 3] 2016 4RI, 1280 & 2 0D i 651
TN o AN TR W 1 20 28 28 % e HE ik 25 AR K (%
3) , HoH AR PR B2 (B HE ik B AE 2016 45 FTREAIG (1
HANREFE 22.67% WG e b8 S HE Y e
HIRAAE 48% LA b, J& KT I U8 1% 2 Y 32 Bk
U5 HR N R R VT A 3, AF 4 HETL 0.6x 107 kg,
hi Lt 17.38% ; 15 55 tH 25 MG G a0 47 2 ik HE i
FESFRIN, P o O A A U T Sl HE ik
/N, IR IR . IR B[] B 3 K 3ok
B A VS SR HE AR 2 B B AR
HR 55 o 25 B HE IO K B R, A 2010 4F 0.06%x 107
kg 3| 2016 4F 0.56x 107 kg, A P14 K 315 1544.26 %
LR AR IR BE A Y53 27, A 45 2500 sl 2 O 4E
#F 10% L)L F YK

BRI B 05 o 1 Bl HEOR B, — 8 E ik
FER [ B AR 2 I TR b W R HE SR
TE 20 144F H B A G Ah , FLAR AR 0 3 D 4 P R 3

R 3 2010—2016 F£KIE TS ESBRHER ( x107 kg)

Table 3  Carbon emissions from sightseeing activities in
Taiyuan City from 2010 to 2016 ( x107 kg)

4 WOBREE  RMER O RgME HORUA ML &t

Year Touring Leisure/ Business/ Visiting Others ~ Total
vacation meetings friends/
relatives
2010 0.28 0.84 0.06 0.37 0.03 1.57
2011 0.30 0.97 0.30 0.42 0.01  2.00
2012 0.35 1.21 0.30 0.56 0.02 243
2013 0.43 1.57 0.31 0.71 0.02  3.05
2014 0.25 3.50 0.30 0.59 0.02  4.66
2015 0.29 3.95 0.31 0.79 0.02  5.36
2016 0.70 2.86 0.56 0.74 0.06 492

T, B LG R S AL AE 20% L) AR T AR
(55 IR WEHRBOR T . B UBRART X =& Z
B e, A 2010 4E 4.98x107 kg F| 2016 4F 13.2x
107 kg, AE ¥ K 17.66% , Ho o5 Ho i )N 10.19% %
19.75% , %€ e b G HE BI04 52 ) i & 58 H R Vi
SRS TR AESE A B B N K 3G I AR 36 Kl
30% , (HHARHER S 3 mAR /N, AT B JE R 2 %
Al X AR S5 T RE VRN 2 0 He g bt ke A
GRS RE IR L B/, T B0 b 1) B R R A
BT, 3 2016 AL 39.2 kg - TG

PER ST i el £ R AT v, iR Ui 5 38 | AE
T ) B AR T BRI R ], U0 B D SR AT
B 2010—2016 4FH8K T 3,13 F1 2.23 fi5,(H =%
b AR R R E , HI AT 10%, IS4 a) Bk
A, DA R ACE AT EE ] 7 AW AR
FARIIT A LB AN X — e R BT
TN Vi T e S5 I AR Ak W 2 T BE B (- A 4
REHED), SFRBERIITHIE KBTI,
o i SE e HE Al T e R, S T AR Y 20.94% )3
K BRI R HEIOR 2, 78 2014 8RBk HE X
UG T A AE TR 5 3 RN WA R 1 AR 3 K R
18 PRt 8% ; HA 1 e HE R S T kg4
TEVEE Al D T 2.63%107 kg, MIRE &
BT TR Ve A B4 i R AR YR S« iR Vi S
TRIFN ) R E R IR IR AR i W Bl
2.2 RJEH ARG AR BURHE
2.2.1 RHERGHAL I ERH RS
W R S, 2010—2016 4F K R T AR
YEVIWA AL T 8l N R ka3, A 37.78 %107 kg ¥k
b2 36.80x107 kg, AT RESE HH T/ A2 R L 2™
ERPSEREMRTE . AN [RIVEY R A FHAE A BT 1Y) BTk
AR e F ORI SR AR AR IR, 15T
R 5 B FHBRIC Y 90% L) b 81 28 R
DU T 6% , FARAEY) i LUAR /N X FE — o B B
BT RIETTRRESE Y SEY I R
PR, Al e HE AR O R 2 B AR B 2016
ECIA 14.04x107 kg, Horr FEFFRGE BB K
A% FH RRAE A HE BSOS 32 SRR TR MIUAR A 7=tk HE il 4
W KRV HER S R /N (R 4)
2.2.2 LA TR M BLSEHE R AR SC
IUAEE T KIET AR B KB A A S RS
AERIRR AL, 7K 3R R e AL 4 T P9 T R VB T K R
() 32 B S0 B T R R GE WO, X ek A S R
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Fz4 2010—2016 EREHRBAES RS MHRICEHRIE( x107 kg)

Table 4 Carbon sinks and sources of farmland ecosystem in Taiyuan City from 2010 to 2016 ( x10” kg)

GO AR L A

Year Total carbon sink ~ Carbon emission ~ Carbon emission

in farmland from straw from production

FEFPRRBEMHERL AP~ ABRHERC  HUMAEF=BRHER AN BEWERRHERL AR B BBROHE R AR FH R SRR A
Carbon emission
from mechanical

Carbon emission  Carbon emission Net carbon

from agricultural  from agricultural absorption of

burning inputs production irrigation tilling farmland systems
2010 56.05 4.77 4.32 0.21 1.02 3.55 42.18
2011 55.26 4.73 4.54 0.20 1.16 3.44 41.19
2012 55.81 4.88 4.70 0.20 1.15 3.40 41.48
2013 56.52 5.04 4.83 0.20 1.17 3.35 41.93
2014 57.74 5.18 5.01 0.19 1.14 3.19 43.04
2015 53.68 4.55 5.02 0.19 1.27 3.14 39.50
2016 54.59 4.71 4.99 0.16 1.21 2.96 40.55

G B T RA B ARG 3, RS T &
(2007 ) Ao B3 7 3%, e R RICUN ( = AR 24 o i
IC19 30% ) FAESE (REBE BRI Y 2/3) B H (B R Al B4
KT AR SR AR S R G0 e

2010—2016 4, K i 7 fili b £ 285 28 48 4F 14k I
WCH 122.98%107 kg, FEA N ERRGH, R
398 R G S T AR, T A R R AL A B R
SR 419% 1 20% ; 4% F A 2 72 0t ELAG 450 1 [T e
RE 7, HAE B RN - 3 A AR BRI RV £ 35 55.66% 107
kg, FOBRARN 2 HEBUS 54 41.41x107 kg, 4 i Hh
Z G0 BRI 33.67 % ; B AK I8 2 G i1 BE 1 A
LSS, —FH A 4.77% % ERBRIC B SR /N (%
5) . BRE bl A A 58 G0 AR A R WO 1 R/
WU FRAR A R K,
2.3 KR AR BT

H 2 6 T 1,2010—2016 4F KR TR iiF it A 5
i DX A 7 BB AL F I K S B AR IS K ey
H14 19.88% F1 8.84% , Hor | [E RIS & L 46
ZARFFTE 95% LA b S e SIS ) 2R, A
BASBFRIBORE , KIETAEBRIF AN 437.98 12
I, 4F Y M XA 7 B[ O 2410055 AT, i
18.17% , Ut BH it e ll oA Ji vl 8 6 34 4 1) ~F- 2 B ik
RHN817% , A NHERATTNE  ZEEWH KR
T AE AR R GERRIT T 1 MR AU it s e HE s 1) e A
Fe3,

x5 KEWESRFEFHBRBK

Table 5 Average annual carbon absorption of Taiyuan
ecosystems

FAl FUN Fith K35k KH  AiF

Type Forest  Grassland Waters Farmland  Total

B 75.70 4.42 1.44 41.41  122.98
(%107 kg)

H (%) 61.55 3.60 1.17 33.67  100.00

R 6 2010—2016 £ KFEHRBEWN SR E=2E

Table 6 Tourism revenue and gross regional product of
Taiyuan City from 2010 to 2016

Ef o EARRIEIAN  REERIA  MIXAERME AR STk
Year (feot) (f275) (f2t) Contribution
Revenue from Tourism Gross rate of
domestic tourism revenue regional product tourism
(x100 million ~ (x100 million (X100 million (%)
yuan) yuan) yuan)
2010 219.27 230.40 1778.05 12.96
2011 263.55 276.70 2080.12 13.30
2012 339.69 355.55 2330.72 15.25
2013 413.52 430.90 2462.92 17.50
2014 495.33 500.01 2531.09 19.75
2015 583.34 588.35 2735.34 21.51
2016 678.66 683.98 2955.60 23.14

SEA AR YIHEC S S R GERR I, X R R T
el A 4 B 75 - A BB Ol 34.30% 107 kg, 2 B
TRRMPRA (R 7)o X R ) icHE e
A S R G FTREHE (L A W AN (L, BT it il A
— A RERRRIER , AR R G R R, e
23X 214 1 A 1 1™ A B TR

R7T KETEHRIERRT

Table 7 Average annual carbon deficit of tourism in
Taiyuan City

iRl DTk ABRG REPLERAERL  iREEER IR T
(%) BRI (%107 kg)  (x107 kg) (x107 kg)
Contribution Carbon Tourism Tourism

rate of absorption carbon carbon
tourism of ecosystem emissions deficit

18.17 122.98 56.65 34.30
3% #

T, 2200 AT TR Ml B HE B A 5
WS, ARG AR (2011) X 1l P b A HE g S
AL T 08T, AT A B, ke b B E AT
FUII PR A S B A A A T T S A T D T
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HF30% FHoll

TR, X —E5eth 544 (2019) #EoT 4245 (2015)
KIRATLAAE BB 58 (F2 4 2045, 2015) 45 R FE A A1
], AT L, 4% it Vi b B D HE TR AR 258 SRR il i 58
BT HER FA ASETFRL_EFSE, AR S
SXof I T e it Il A HIE JIC A 00 B 24 S Bk R T i Vi A 4
TR T HE R RE ST, B A (2014) X S A
(2018) [AIRE & L T3 — a5, 30 A ofe R J 7 ik Uil
BAARIAL G5 AR e Uie W 0 ol ok 8 11 28 5%
B TR st T G B TR T R A R R
P AN = RE VR A FHKF , B A S 1 i i 58
S ARHERI , 18R A ST R WA 2 — HERGR T

TEAEZS RGOy T, & =845 (2013) Xt Hh
258 DX I AT T AR SE WF 9T 6 BH , 2 AR 32
Bk AR B AR X — 2518 S AR SCAY AT 4
REAMAT, HZ AR, VR (2012) T & 45
(2017) Gl e 28 10 P 45 b BRI DR 2R 4T T LR
W, AT TN R B I A B4 B AR 7, S e [X R
WeHERL % £ ZRIR . WA R JET R A S R 50
(ORI SE 285 5k B, Bk M ] B 5L 4% B VB ( e Ml 4% 25 ke
HEJIC) FABI (A HE A8 R - S W A0 ) B RO, (H
H A7 =2 LA AL, 3 4,5 55 1 HE 45 (2018)
MR IE S R —B, T3 4h, MUl Il sk 359 4 19 7 35 ok
B, FELLHISE(2018) AU FL /M7 1 TT 0544 i il B
HeoRm oA R AE S R G, 52 AP
S, 7 ST AL) S A i IR ke ol S 00 A R B B A
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ST ST S A SR T it Il ik 349 A o 4 T 1
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48 SRR S Wit e % 7 A 190, e /> D7 st 2 785 A 43 ]
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7 AR RN BV HE Sh ARRR il Ui 2 8 1y < 35 |
g WU R R & T, A 6 SR R T R il 1)
a8, BARIRIRALEE .

(1) FETT REDSCHE Ty 1T, A8 38 76 e Vi ol Bk HE il
7 3 T HA 45 5 T AT R B HE RO R T &
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