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Abstract: Global climate change is one of the most pressing issues in today’s world and all countries are concerned with
reducing carbon dioxide emissions. The tourism industry is highly sensitive to the impacts of climate change and global
warming, as good weather is a high priority for tourists. Carbon dioxide emissions from tourism transport have to be
monitored to enable sustainable tourism development in the 21st century, particularly as fossil-fuel energy sources are
becoming scarce. Assessing carbon dioxide emissions from regional tourism transport is difficult but these data are needed to
implement effective protocols to reduce emissions. We use the substitutional bottom-up analysis method to calculate the
carbon dioxide emissions from tourism transport in the the Yangtze River Delta area. This analysis method is used for the
first time. Based on a region’s per capita GDP, per capita income and transport route distance per vehicle, we calculated
that the daily tourism distances per person in Jiangsu Province, Zhejaing Province, and Shanghai were 3.43, 3.61 and 5.12
km in 2011, respectively. Based on on-the-spot data questionnaires and public transport data as well as tourism data
(MusTT model) , we calculated that the major tourism transport modes in the Yangtze River Delta area in 2011 were air

(12.98%) , train (14.60% ) , coach (49.88% ), and car (16.84% ). The transport coefficients of carbon dioxide emissions

B&TA FERK ARG (41271149) ; HEWASCGHESRFRTEFREETH (12YJCT90175) 5 LA R B ISR TN
Yo B H#1:2013-09-04; W) 4% H Rl B 3 :2014-07-02
# MIRVEH Corresponding author.E-mail; huangzhenfang@ njnu.edu.cn

http ://www.ecologica.cn



12 P A BT A TR I L i ) DI 0 S i Btk HE A B2 4225

resulting from air, train, coach, and car travel were 121, 9, 28 and 76 g/pkm, respectively. Our results were adjusted to
account for tourists that came from other provinces to the destination province vs destination province tourists who traveled to
other provinces. We conclude that; (1) Carbon dioxide emissions related to tourism transport were 8.32 Mt ( Jiangsu
Province, Zhejiang Province and Shanghai were 46.15, 32.29 and 21.56%, respectively). The CO,emissions per trip in
these three areas were 7.85, 8.69 and 9.14 kg, respectively. (2) The CO,emissions from air, train, coach, and car travel
were 3.29, 0.28, 1.97, and 2.67 Mt, respectively. The total emissions from air and car travel were 5.96 Mt (71.64%).
This percentage, which is lower than the world’s average value, indicates that emissions from air and car transport in the
tourism sector are the main contributions to carbon dioxide emissions in China. The percentage of tourists using public
transport ( train and coach) was higher than the world’s average. Our results indicate that Chinese tourists prefer to travel by
train and coach. We surmise that the overall transition of energy saving and carbon dioxide emission reduction resulting from
tourism transport has to be reduced from high coefficients to low or even zero coefficients. Considering that the numbers of
inbound tourists from neighboring provinces are similar, the results may converge. Our results indicate that tourism
catchment area is an important factor and this needs to be balanced with convenient transport links, residents’ tourism

preferences, and the distribution of tourism destinations in each province.

Key Words: substitutional bottom-up method; tourism transport; tourism distances; coefficients of carbon dioxide

emission; Yangtze River Delta
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Table 1 Ratio of outbound tourists and inbound tourists in some countries or regions from 2000 to 2009

E % Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 HJ{E Mean
i&ﬁp [i%c ountry 0.99 0.98 0.96 0.97 0.97 0.94 0.98 0.98 0.97 0.95 0.97
iitlfiwmw 1.07 1.03 1.09 1.01 1.05 1.04 1.03 1.01 0.99 — 1.03
WM Europe 0.97 0.95 0.92 0.91 0.91 0.87 0.91 0.90 0.88 0.88 0.91
BKA Taly 1.87 1.77 1.59 1.48 1.59 1.47 1.60 1.57 1.51 1.48 1.58
BTN Singapore 1.36 1.34 1.33 1.11 1.27 1.37 1.37 1.32 1.14 1.14 1.27
H A< Japan 0.27 0.30 0.32 0.39 0.36 0.39 0.42 0.48 0.53 0.44 0.39
FH American 0.84 0.79 0.75 0.73 0.76 0.77 0.80 0.88 0.91 0.89 0.81
FiARZE Argentina 0.59 0.62 0.94 1.01 0.99 0.98 1.07 1.09 1.01 0.87 0.90
F[E China 2.97 2.74 2.22 1.63 1.45 1.51 1.44 1.33 1.15 1.07 1.50
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Table 2 The daily per capital average tourism distances and social and economic character of reference years

MATHEE U A GDPY RRIMIKTE AR RIS

=P GO FRRIR

Country 4 Travel Tourism Year Resourees GD.P per Consun.lption Traﬁ'ic'line
distance/km distance/km capita/ $ per capita/ $ per capita/m
B UK 29 11.89 1995 [37] 19944 13685 6.95
faf 22 NED 41 14.76 1995 [37] 27102 14883 8.07
PJEk Norway 33 16.50 1992 [38] 29932 16191 22.20
5 E GER 33 16.50 1995 [39] 30888 16583 8.37
Hii - Swiss 33 16.50 1994 [37] 39567 21589 10.58
Fii . Sweden 45 20.25 2000 [40] 27869 13700 49.01
2 USA 62 19.22 1995 [37] 27559 17738 24.59
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D =W, X(71626.18) +W2x(m) + W, x(m) (2)
X, DR KA BRI RS (km) 5 W, . W, F1 W, 735000 A3 GDP ST 2K FL R S8 il 4 g
FEXE D ALER , BAYEE K 1;GDP 245 XA GDP(2£70) ; E 248 X B A 2K (£I0) 5 L 2154
ANYAGE LI AR (m) .
SA2) A (Wi = 1,2,3) AR 5 R R TFEASIT .
5,
s )
NF(3) H 8, N | AR AR AR B R AL, oA AKX .

http ; //www.ecologica.cn



12 P A BT A TR I L i ) DI 0 S i Btk HE A B2 4229

5= (4)
C[,
b S W TSRS S = /S (G =€)/« C, M5 § S9bRAHIE AR T
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£3 2011 ERK=ZHERAHSRUFES
Table 3 The average daily tourism distances per capital in Yangtze River Delta (2011)

K U GDP S R 2K N30 2 A NI R H IR
N - cDp iy D Consumption Traffic line Tourism Distance
esion JDY per capita/+ per capita/ $ @ per capita/m per capita/km
LI 9444 2658 2.92 3.43
ARy 9173 3305 2.92 3.61
[SRi] 12783 5487 2.92 5.12

OFIFQFNEdEHE 1 3570545 6.4588 JC AR5

3.2 JicliEsgim Jy S S L )

X (2) R BE B TR 2 L B0 45 i T 2838 T 3 e A S, N B R TR S R HE R R B A ke
TRAR 3% B2 20 (2) Hh A 8 3 5 8 0 L B8] o 1 T I B B RS A A R . 3 1 S ) T o, B B A
AN ISR I 2R T R4S — AR 0 BHE B J5 # HBFDR 2 BL T & SR HE R B 45 G 34,
AR N LA, 2005 448k IR 25, CHLY 43.55% , B2 255 36.67% , 174 Ak 42 48 AR it 28
W 19.78% ") ASIH] R S A X (4 B 5 LA Rl 6 22 SR AR K, 40, 2002 4F A 2 ZE7E Rk E K 5 70%—
75% , MiAE & B EZAUN 20% ) BIEY R Lk B R E) H AR E R, ENE XS B2 19.9% 1 0.3%
SIS N=3 ] R

FEH R ACE T A BE R LB ST LRSS o B T B M GE T H AR S5 48 DR T vk B I AR A 500l
I 3 A S b A A HE A T AR SRR A A (HR A TAE— e A7 A RO 0 B g SRR P R 1 A o
AR R A R BRI ke i R PN IR, 7 — @ B b, MusTT A58 v (1 38 45 i A 7 /Rt T 5030 110 B R R
A IR AR R 2E . P E SRS T A B R R A T A ERA S BANRE ST T B
R HHSE T 2 a8 X AT AS ks 2 IRk B il 5 8 e i, A1 RE R AR SCHR L 22 L 25 5% AN ff i 4k
P, 2011 4F L [E RAT BRI A RAUKIZ B ATEE B HL B 2N 14.64% 31.02% 54.10%F1 0.24% , 4835,
1) — LB 25 M5/, AN — 7 R S BB S (9 HR AT sl IR RE 25, 40 2011 AE VL0548 R 2 R % 1o 70.9 12
A km, 1 _E¥ETTIA 1136.69 42N km,

Tt H 2L 6 2011 4F 943 PR 4713 AWK UG 2 U5 | B A b | 35 Bt 58 30 Jr =X H: H il 5 (o
Fe T HARFI]) By AR =M R R R L K 0RO 2 A Ag 8 7 X (Kkis A% EFE
E)V BB LU (% 4) .

3.3 RV RHRI R AL

AN T] ) R Ml DX it Y A8 S HE A R B, A T 2 L B R (R S) . 257 AR B T HA &
HIHRBBCR Z A1 38 EEALSE LT LA TTTH : — 2 BEAEZR AL, U Association of Train Operating Companies ( 4[5
A ia G N TS ) TR B K G BITRAECR BN 54 o/ pkm, ML K 4235 74 ¢/pkm; R FHisE | X &
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BERIAE AL b PR R — e e TR 2 =R AR Xk EEAR e R PRI [ EA T RIAE K
R, P2 AR, B R B T R GR R AN X202 PRy SR S — TR AR,
PU—BE[E ZHL (4N Department for Environmental, Food and Rural Affairs( DEFRA) , 3¢ [E 5 £ & £ A5
5548 825 B (41 Association of Train Operating Companies ; Carbon Tracking L.td , ik /£ 782 7] ) B9 HAG 5 KA,
PR LSRR — L5 2 BT . ZER D AN DG BUAR A Al b o SR A AR DA 2 ek
T RIS IR 1 Al SEAE IEJRRE A H B4R 1 K RBL VR B S A S A R HE R B Bl 63
180.71,99 g/pkm Fl 41 ¢/pkm WIS HRE™" (EAEET X AT S8ty AT 22 B0 HE — 2 (9 Jm) B e, A b B2 A
HOHTH LS R
®4 KEASKETERXMESLLG]/ %

Table 4 The percent of distance for tourism transport in Yangtze River Delta

[X 1, Region KHL Air KZE Train VA% Coach A% Car FHoAh Other
DN 12.23 13.27 52.71 16.60 5.19
WL 12.85 14.41 48.39 17.39 6.96
Lifg 14.71 17.60 46.49 16.48 4.72

K= 12.98 14.60 49.88 16.84 5.70

R5 IREXETENBARREL (g/pkm)

Table 5 Coefficients of carbon dioxide emissions for tourism transportation

Bkl Resource UNWTO! Gaossling!?] Peeters! '] MusTT!?3 Dubois'”! Becken'®] Lin!?®
X4 Scale 4R 4Bk 4Bk el b7 S| P &
HFAE Year 2005 2001 2005 2000 2000 2000 1999—2006
124 ( [ b 432
AL Air 129 396 1372 EE; 129 378E2; 188.9 —
B % Car 125 132 1330 ,89? 133 180® 68.7 97
5% Coach — — — 22 19 69.2 28
KT Train — 73 — 27 26 98.9( 44311) —
HAth Other 25 66 25 — — — —

DI EFRF OECD (LA 4141)90 HP,@154E OECD0 H P, @ HfiFy g 37" km™ ; — REESiRMFIT; Gossling Al Dubois Z 51 Ay #L7 H
CO,-e( A ALRR 2 i) 5 AR IPCC 58 PUVRPFALHR45 P B S SR B AL A AT 1351 CO,-e WIS A3 (6) ,CO, ( CO,-e ML R ZHL, W AE IR i it
I AR [RIZE AL A AT BE TR, CO, /5 CO,-e BUE 98.7%

€0, =C0,+25xCH,+298%N,0 (6)
fE UNWTO Fl MusTT o7, 23K “HLAYERHE R AN 129 o¢/pkm (3 5) , HUMBHIR & A B IR AR 1 46
FHEYFEH, CATEEESAE 200 km DL AL R AL X B 105—139 ¢/pkm, 1] MusTT #AELAZ H T 24 P31z
PEAE 1500—2000 km X B R AN 121 g¢/pkm BISHARUED . ChESEHHE S 2012) 8o, 2011 4F A
23 B EHIE T 1548 km, BOA SCIZ RBGEI 121 g/pkm, 1AL BTHLK S5 MR A B WG BN 7 8 2 78
AR K NV AR (P AR ) FES AR HECR B IR 9 ¢/ pkm 245 o/ 10 g/pkm, FELEEH B4
B K A A 28 TR (SRR S P e B 450 ) 2SN K IRZELL BB NS B X4 (£ 5) AL R AT 21
= R AT TN 3.24 AR DTN IEAL b B KA IRAE L A S AR Al AR Ve s TR R BUR K R
9.28.76.10 g/pkm,

4 HBRSH

4.1 BRAR S

TR R Fi BN BE U E B e i 52 38 = %) 2 LU 491 A HE ik 3R B Bk L 25 B B A T B9 AN DB
i R (1) IS 2011 4FK = Mk i 23S AR HERUE 8 8.32 M, oy on gy WiVl Al L isEmi 43l R
3.23 .2.98 Mt F12.11 Mt MK Y 38.83% 35.86% 11 25.31% (3 6) o VLrIH 8 A I Bk HE O R R4.76 |
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5.66 kg F16.21 kg, MRIERIMIEA T HGTHAEYE  TLHIP LR A0 & 500 20 1) A K = M 19 41.60% ,34.82% FlI
23.58% , ST HLBIAH 22 AN, ikt S e TR 4518 2 LU rT S 0, 25 PR 34548 T I AR I AR AH 22 A8 K1)
L, B AT e IS

LIRSS SR 8 R DX I A S O A AR LT DX R TR G SR A A SR R A T AR A T
M A2 ANl A DGR AR AR (3R 7) o i R O 1 B AT AR i AR AL, 2011 4F ) VLHT I
A BN, A3 R i A A R i A I TR0 3.76 15 .6.16 1571 8.33 15, ¥4 T &ki it 4iny
Bl N YRS LAAE R A5 50T A B 1 D e R, AR R VL AR W IR, 4 iR FL i A e A
K 0.63,0.84 £5F1 0.99 5, 456X —RIMEECE &4 ARG TR NRK TS24 i AR, R4n1g
S AR I AR IS . A& B A Y 0.82 W& &, T e S5 IS 52 g 6 o 2 RR BRI, (i 8
FETE—E R 2 .

F6 2011 FR=EAKFZBEHHZE

Table 6 The numbers of carbon dioxide emissions for tourism transportation in Yangtze River Delta (2011)

. . e g S H YRR S .
i JGET UL R HEHCE
. . . Tourism distance Total tourism distance/ o
Province/ City Population ( ten thousand) . s Emissions/Mt
km/per tourist-day 10°km
b 7899 3.43 988.19 3.23
WL 5463 3.61 719.81 2.98
I 2347 5.12 438.35 2.11
R7 2011 ER=FENMB LS
Table 7 Numbers of inbound and outbound tourist for Yangtze River Delta in 2011
B Total input/ J7 A Sk Total output/ J7 A
R " S B
i A B (RATAL) s ABE i) s Total input/
Province/ City Local Inbound Inbound

Other province Other province Total output

(Travel service) ( Travel service)

1L 14411 737.3(196.2) 26739 236.4(62.9) 22721 1.20
WL 15981 773.7(125.5) 18314 738.6(119.8) 19075 0.96
g 12202 668.6(80.3) 10877 1102.0(132.4) 12463 0.86

4.2 #5hkliEsc i gy S HER >

FER =, RHL K R B 2 A A AR i s Oy SRR HE S A o, 4ol 3.29.0.28 11.97 267
Mt F10.12 Mt, it 5 FeHR N 39.57% 3.32% 23.61% 32.07%F1 1.43% (3¢ 8) , Hi—, AL 2 4 B &
AP R A, X 5 1 S I 4L SUAR AR I s 458 0 — B (H B SR 71.64% B L, B AR T
UNWTO %A 11995.41% tH 735K - 2 HE ik 32 B2 A2 A HEBICZR B0 52 ) AT i I 52 38 19 RE D HE 1Y) 32

F8 2011 EK=FEMRIFLETENBHE

Table 8 The numbers of carbon dioxide emissions for tourism transportation in Yangtze River Delta (2011)

v T HE IR L LB U S BB HE A B HER 2528 7 2CHE K LA
23 )5 A » . L L A
: coefficients/ Distances/ Total emissions Total emissions/ Percent for traffic
Traffic models s .
(g/pkm) 10°km of residents/Mt Mt models/ %
ML Air 121 277.85 3.36 3.29 39.57
K Train 9 311.96 0.28 0.28 3.32
V%% Coach 19 1073.00 2.04 1.97 23.61
F2 % Car 76 361.43 2.75 2.67 32.07
HAth Other 10 122.11 0.12 0.12 1.43
BT Total — 2146.35 8.55 8.32 100
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OB, PR SR RMLA A 2 A2 SR v T 7 =X, B AR 3 3R L 491, Ak 17 G o ARtk A 1) O XU A%
JEICHERY T BRI TR IR IR ) B R o S8 T SO A8 K ad Dy Je ik 728 PR DA 18 T AR AR K
FERE B HER iR~ IS T H CRA JR455) 19 26.93% 1 L i, 8 1 Ak [ 5L 2 2 Bk -
PR BA A T B UK R E AT TR A BN, A 22083 Jy ok A g e, Jinsa
X3k T 7 A ARRR Hh U B 2, 51 ) TR R R R 2 e HE A U O X Cn A A P AT AR ) B
AR R ICHE AR UL B SCIE ML ik Ui S D HE 5 245 ] 4 AR SC JE R 55 0y, k2 07 R e {3 S R AL F)
TR TR T7 B R e i iR AT o O 3 I A AR TS T R R BRI AR B i e S E 5 2K 1]
TERBRHE R KR BRI R B AL

5 Zi5itie

AR AR R A B TR b e 2 O R r U2 T ) i S R R
1 A 20y i Ui 2 38 s HE OO B A G St T — o i T e BB 22 vk . KT PR A5 R R K = AR
A E A HEUS B R 8.32 Mt, P45 b TLHIP 4301 3.23 .2.98 Mt Al 2.11 Mt; ML KA R4 A4
At R Ui A 7 AR YN 3.29.,0.28 ,1.97 .2.67 Mt A1 0.12 Mt, Hip CHLAT A 25 42007 o o 44 B S I 1 A4
SEXEIRAT | AR U A T A A R T Ak [ A A AR, S8R SCE RS A R I vk AL 4y
M LA ., T8 B — R ABSE . B TR AL e HE O AR - BB HEAT A 3254 ok el o ek il
AL =AY PE A R AR B

(1) HUFFE RS ISR e A2 38 Al HE Al 1) — A~ FE B A Ry e RE 5, {03 4 Ry 1R A W98 ABIE R 1T
HA 5, X BORAR B IR 98, B9 B R S A GDP A F47 2K S MY 3830 26 K B = 1
e R B I A, AR T B [ iR IR B s R T IX PR EI I N B A, R T
THT, Y S0 18T DX PR ] AN 2 5, AELXG) P A8 B B J R AT Ol e /R T b 194 43 A 56 PR 3 5 | A ) DXl ] i
FRIE R S B WBF AN, sl /F i e At 5 2 an 48 A = Ik BB S5 AR 98 (1) 25 SR AT AH B 0E

(2) Tl agim Jr U s b i), i gk DA S b R R B R 32l 2 DL MusTT ARG i 7 X, SC U T )
BL K TRAE L A8 A A i e A2 8 Oy =X A R B B3], 3 A BT X0 4% i i 28 3 7 2 1% 45 /) i R A7 i
9o MBI A RE 0155 R A5 FEARCR B /N, 45 RIE T — DB IE A58

(3) TRUFACIE AR L, TELR G /P AR SR AR i 1545 h M S HOE RN - Z R K s P His e
FRR , GE AR, S50 T RBL KA RGBS R RIS E TR R, REURRE
AR A et 5 R — 2 BB | DX A | o | S R AR A, B A 28 22 1) R BT AR A AR TR
i DX A7 DR R VR TR A oAt R B0 B0 X 2 R )2 R W A MR E N S E M E, S5
e AR A OGO BIFY, WA 2 b R R L A AR AT IS T A | Bt il M

AR5 DX Sl U 2 3 Al FIE e, BV 136 A 00 82 DX S8t i b Py e HE 00 i AR A A 77 b T e 6 o) L 2 28 6,
e A T L2 1AL (AR SIS RIR Ve v RN R ITE R 58 2 4 Je SR SR SR LS 5 A HI L 28 3 B8 Ry i il el 17 9
b A AR AR AR AR ALY S R SRS S SR SR R A

Bogt: RORLTEAR ARIEZE TRk R B BGEIE TR R R KLLER KA RS A AR AR
iR ee SuR LI pNPIL 18
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