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Evaluation of tourism transport ecological footprint in Zhoushan islands

XIAO Jianhong" |, YU Qingdong', LIU Kang’, LIU Juan', CHENG Xin', ZHANG Ran'
1 International Business College, Qingdao University, Qingdao 266071, China
2 The Institute of Marine Economics, Social Academy of Shandong, Qingdao 266071, China

Abstract: Sustainable development requires economic development, environmental protection and social justice to be
considered collectively. Tourism is one of the world’ s largest industries, and as a globally pervasive, rapidly growing
phenomenon-consumption trends in this sector exert a notable pressure on almost all areas of the planet. ° Sustainable
Tourism’ has become one of the keywords in the debate on environmentally integrated tourism development, largely a result
of the insight that the environmental consequences of this rapidly growing industry can no longer be ignored. Developing a
sustainable tourism requires specific targets and planning, which may include modification or control of tourist activities
offered, or quantitative guidelines within which to define upper bounds for visitation levels. The sustainable tourism should
be linked to the concept of sustainable mobility. The tourism transport contributes most to tourism related energy use, and
plays the important part in achieving sustainable tourism.

The ecological footprint (EF) provides an aggregate estimate of demands upon the biophysical productivity and waste
assimilation capacity of nature imposed by human lifestyles. This aggregate indicator permits the estimation of the equivalent
land/sea area, or biosphere, required to support productive activities. Its unique attribute is that it accounts for the demand
upon natural resources, in terms of an equivalent land/sea area, or global hectares. The EF method has been proposed as
a standard methodology to evaluate the environmental implications of alternative development models. The EF analysis
becomes widely adopted as a key environmental indicator of sustainable tourism. The tourism transport comprises all travel
related to the vacation. The corresponding EF needs to consider both energy and infrastructure requirements. Based on the
idea of EF, the tourism transport ecological footprint ( TTEF) of Zhoushan islands (ZIS) were assessed in the base year
2008. The data were collected by using survey, questionnaire and interview. The results show: (DThe total TTEF of ZIS is
62408. 2164 hm® in 2008, and 0. 011569 hm® per capita. The TTEF on long-distance and international traffic in Putuo
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golden triangle is 52748. 7799 hm’, and 84.52% of the total TTEF. @The total greenhouse gas emissions ( GGE) on
tourism transport in ZIS are 291770.04 t CO,-e, and 54.09 kg CO,-e per capita. The GGE by air is 151061.58 t CO,-e,
and 51.77% of the total GGE. ) Compared with the ecological carrying capacity ( ECC) in ZIS, the total TTEF is
relatively high which is 10. 13% of ECC. The 87. 19% of the total TTEF were occurred out of ZIS, and the tourism

development in ZIS takes great pressure to the ecological environment outside this region.

Key Words: tourism transport; ecological footprint; vehicles; greenhouse gases; Zhoushan islands
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80% —90% "), Tk IH 4 KD B BRI B 2008 AF AR WA 5 GDP K 27. 81% F1 19. 74% ; F+ 1L 7
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Table 1 The areas of docks, bus stations and airport

4 AL/ hm? T+ R/ %
Name Areas Land types Percent utilization of tourists
i3 2 111553k Yadanshan dock 2.50 L 5H 50

WEE 1S3k Putuo Mountain dock 1.20 AF 90
BEMAIRE S Sk Wugongzhi dock 1.72 AL 90
%5 E %k Maocaowu dock 2.00 A 90
215 3% Banshengdong dock 0.31 A 90
Bk A5 3k Duntou dock 0.80 L 5H 90

FE %8P0 Dinghai coach station 1.47 A 50

W B K IR I 4E 0 Putuo coach station 0.60 S b 70

B K HLIF Putuo airport 200. 00 L 5H 70

2.2 SIXPN(IE]) 2838 BE R T FEAE A 2

3 BB L s 2N R AT A0, 5 XN A R T L L b B 2 54 8 (21 ) ,2008 A THAE IR B R 4
362500kg, i % il FHA 294 90% .,

3 ) B 1 K 38 2R A FRA S, S IX A K 1095m AR RiE— 4%, A Rk = 27 A (BEE BER AL
6 N),2008 4EFEHL MK 329354k Wh ( Hirb JCH 5 82.98% , 7K e S HHBIE Rk v 5 17, 029% ) >, i %4 1
RAH 0%

TH ) BIBRAL B B A wl A AR S TEAE 20 FRARTES B H I 24,2008 AR TH AR SEH B 290 95200 ke,
T %l 2 85%

FIFHA (1) W5 2 FBAT 0T 15, 5 X 28l AR IR TS B 2R S 23 266. 0375 hm®

K2 ERTBEREEHFE

Table 2 The consumption of energy on scenic zones transport

Kbk ERRCPERE T YT R R FEfR/L R % F g A 25 2 306/ hm?

. /(GJ-hm~%a™") /(GJ/t) Energy Percent utilization Ecological
Region . . Fuel types . . Land types .
Average footprint  Coefficient consumption of tourists footprint

WFE 1L Putuo Mountain 93 43.124 bR 362.50 90 AT BRRE T 166.4100
1000 3.6 K 56.056 " 90 A 0.5085
55 11.84"¢ KHL 273.298 *** 90 AT BRRE T 58.2453
BEAE &) Taohua Island 93 42.705 S 95.20 85 AT BRRE T 40.8737

w BOHRSIR TSk 24-25, 27], = * Bf7 GI/10°kWh, * % % 10°kWh

2.3 T KIS E PR AR R THFE A A5
2.3.1 K&

T BC 2% Ja i it

(1) “RER-PEI-TLFR " Z 180T N A8 38 i 5 o s

I B S TR R A R TR Sk MR LAk IR IRERD Sk ZF BN DR A, 2008 4F | B3k g
LR IFATIE A 3504700 AR, BIAR FARTRIEIIER A 1937000 AR, iF%R FEATER LA . “ LRI ]-
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BT RTT” CURTT-EFEI-RERIERIT R TT-RBR-URT MR T-RE R -k
KI5 A DEOEE MBAE 5 | 0 577 D A PR 31 3835 B L, 3 & 20U % T o LB/ IN , de BN TR 51T
HURFARFREBE L) o o TR E A, R T (R ARIRIA A ) -RER(EFRPHE %) 7 TR
FTCETFHRE K ) SR L (G5 FE LSSk ) ™ F1“ AR KA (IR IAMRFID K ) 3B 1L (4B L5k ) 7 45 = JR 4k i 3443 BE
BARRTTA IRl ZE AN BER B I R B L T (CETHRAS 3k ) - B 1l (B L RS Sk ) A R 548 (MR WA IR %
) B LGB LA Sk ) 7 TR 2% 5 2 1 LU A9 IsF SE 430 A JR TH  8 R AR (R IR A Sk ) 5 B Ly (B 1L
Jo)

ORI 1A HiERFRE PRI HET 00838 %, 23 I B R R 19km (3235 Fe K& 13 42 0 - bR v i) 3
1) W& E A 1937000 AKX,

@FTHRRD K (RFKT]) S BE LAk (L) 7K E% B Ry 8. 33km, JiF % 54 3504700 AR,

@B LAk ERE L) -1 AREA Sk (R LR , /K% LRy 3. 70km, i % 5 3504700 AR,

(2) “TRFIT-BRAE 5 Z [A1TT P9 28 3 I % o e 1

A BN ST AU R Sk 5 Sk 3P AT R A Sk S BT DT IR AR, 2008 4F, BBk AL 5 i I 193 A 901500
AR, EEREE Bk (R PRk (B ) " AR, K B AR BLRE A 44. 45km (I8 20 80l
MBI T A B AR 5, He RS S Sk 35T

(3) “ RS Sk - ZE 1 A Sk TR R 117 22 E) A8 it 24 J) o

A E AT AR R S AR LA Sk A A DR N, H AT, 299 90% LA L i A k¢ iR Sk (7)) -
B FE LA Sk (GBI ) S PR IR VA4l (TR AR T]) " X AR LR B 1 AL, 9 B 3 B 4 = (< T SR [ B L
UPRERL S "R IR TR R RTINS TS ) o« PR S-S 8 LA Sk 7 K S AR BLRR R
31. 85km, “FEF 111 A 3k FE KA1 420" A AR B A 56km , Ui % 54 3391100 AWK (A S AT i
R, AR 2 35 e BEGK AR RO

(4) “SEMGHAD O-TE R 1 PEAR IR VR 7 33 i % Jo) 7

FHLIASTiE 2 17 P 28 42 B A ¥ 2532 o0 B BE KGR VR A W AR I B iR B AR AR O 42km , iF & & K
113600 AWK (17 % 4% BR A 5 R A 1 EL BT

®3 THXBIKEZERERES
Table 3 Tourist turnover on local roads and waterways transport

KEEEAR AT IKEEATRE

HEa/ N AR

X il oo of P /km /(N +km) /(A -km)
Intervals um .er © m Waterway Distance of Distance of

tourists Road mileage .

mileage road travel  waterway travel

W K ke 520
PIE RS RAR - 1937000 19 - 36803000 -
From Putuo coach station to Zhujiajian
FTHAE L RSk

3504700 — 8.33 — 29194151
From Banshengdong dock to Putuo Mountain dock 19
B LU AL Sk — R WA IR A Sk
=g SR

3504700 — 3.70 — 12967390
From Putuo Mountain dock to Wugongzhi dock 96739
Bk Sk SRR KRR

01500 44.45 40071675

Travel to and fro between Duntou dock and Maocaowu dock ?
o ) Sk — T 2 LA Sk 7R
Travel to and fro between Baifeng dock and Yadanshan dock 3391100 3185 108006535
6 2 11 A Sk B K R i R IR

3391100 56 189901600
Travel to and fro between Yadanshan dock and Putuo coach station ? 9
FEHER 1B D — BT KR TR IR
Travel to and fro between Dinghai coach station and Putuo coach station 113600 42 4771200
A1t Total 231475800 190239751
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i K [l B 5 3 i 2% J) s
(1) A B Ay B i 58
U ERAS LU BRI SRy eI L I SR A5 A, B AS LU IR i Ui ) FR DL BRSO T & 50% LA L
URBM | TR SFWTTALE B A VT = AN A X i . BN 1L el ik I, Ui % ok i Rt 2 Foe {1 P 4 1
< I R AT -/ INPR L B R 36 T Y AR /N L - DU | AR 5 1 B T 45 R B T B S il T
Jil i i, X AR 2 i B AR R HLRR 34 220km , 7K B AR HLAR 4301 96. 30km A1 114, 82km , iF & 1 43 5 h
739700 AYKAI 1150100 A¥K,

A

R4 W GRTNBEFKELEREERE

Table 4 Tourist turnover on roads and waterways transport in Daishan county and Shengsi county

IX1a]

Intervals

LSRR

WeEE/ N SRR km

Travel to and fro between Shanghai and Daishan

i RIASR

Number of Road
tourists mileage
739700 220
1150100 220

Travel to and fro between Shanghai and Shengsi

471 Total

K % LA/ km

Waterway

NPT

/(N + km)

Distance of

road travel

162734000

253022000

415756000

K AT
/(A + km)
Distance of

waterway travel

71233110

132054482

203287592

(2) EPE 4 =K I [ BRAc i e & R s

© Epe g = MARKIR A, 8 [ 45 A8 2 4548 T X A2 T o LU B8], ARAA 28001 4 550 10 (ARG
FERY R AL ] 355 2009 4F 8 J1 18 H % 2009 4 8 J 27 H) ; [T, Ry 1 #& rix — Le i) (9 s v | S i
VIRIIE AR BE LR X R RIS X ([ BR v RET 3 W3 SCIRAt 24 8 ) A B JAUE X (e 0 e
U AR ZR T T CEFHIATE Sk ) A T 1668 (ilif %, 225 Y b B8 1 Jf 4 2218 {3 [ NI & 3K

AT

Provinces

BN Hangzhou
T Ningbo
1IN Wenzhou
F+1l1 Zhoushan
X5 Yiwu
[2zBUA Shaoxing
A Taizhou
4:4E Jinhua
fli7K Lishui
1M Huzhou
TN Quzhou
2% Jiaxing
i Shanghai
M Jiangsu
A Fujian
L4 Anhui
Vi Henan
I Guangdong
1IZR Shandong
Jt5 Beijing
VLY Jiangxi

Ll %
Percent
11.72
.84
38
29
07
98
52
30
04

S e bbb WwWwLWwo®

—_
W
N
—_

A
Nel
(9%

x5 HEEAKLLE]
Table 5 The composition of tourists
iS5 VIN Al
Number of tourists Provinces
404715 4t Hubei
305263 i Liaoning
116718 155 Hunan
113610 1t Hebei
106013 P4 Shanxi
102905 By T Heilongjiang
87021 K Jilin
79424 Kt Tianjin
35913 2= Yunnan
26590 PuJi| Sichuan
18647 Hilt Gansu
6216 T K Chongqing
456168 174 Shanxi
300428 I~ P4 Guangxi
147797 M55 Neimenggu
143308 M Guizhou
127768 T & Ningxia
101179 i} Qinghai
99798 VU3 Xizang
93582 %} Hainan
90129 BrE Xinjiang

S}

S O OO O O O O O O o0 O o0 o0 OO = ==—-

i/ %

Percent
.21
.44
.31

31
22
90
90
90
68
63
59
54
45
45
36
18
14

iZSTZON

Number of tourists

76316
49726
45237
45237
42129
31079
31079
31079
23482
21755
20374
18647
15539
15539
12432
6216
4835
0

0
0
0

2008 4, e L1 [E PR 5k 3453200 A TR
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PR W TEARAS U 2 e BRI A8 Tl sl b % v ) 23 ( TR S S TR i N 2, N fe i i izl o ) o T
RN IRNER 5 SR Y 62.54% W AR R b BIEE Y 40.63%

3 3ok ) 4 ] A AR U % T A 4% 2 A8 3E T EL 1Y LU RN PR B 3l T e B ARAR A SR 4 545 0y 8 43 AT )
BAFHN WL LR IR R B BE 4 = AR 22 AR AR KRR R B ( A B e A Kasyi 4it)

WIS G Bl BRI IR LAANHAD AR T DX 15 A 134 A& A 77 0 R sl Bk T
Rk | 5 66. 67% ;41 43 PiliF B AENUIN AL 15 21.39% ;4 24 fillie % (e il 0 11.94% 47 103 fi]iF
BB UTAK R IR N E a8l R, & 51.24% ;A 75 AiliF B e LT AL K 4 EEAgm R,
37.31% ;A 23 Piip LA WALy FEACl =, 17 11.45% , TR LSRR, R liF & R F 2 M
WO KRR R R B M i A T H el B TRg AR (AR bt Y0P H1db I R AR v
S5 10 AT, B3R T B E A A LA RGRVR LU (8, 3 245 T A I 20 0 S I BRI L TR
KBRS TR, eI LR BR IR B GE i L) 51.24% 37.31% F1 11.45% & X340 % 5 miie & &
[ 28.01% , ZRACHLIX (IZF F5AK B yT) PEESHX (RS VUl /g RN TR HR T NS ) &
VY CREEAIRAGAE 14 AT X, PR A s sl afe A B PR 2 AN J fill, 330 648 T X174 i 3 o S 18 8 K 2 A
KM RS R R FL Il 88.55% F1 11.45% (RT3 5 o5 e AN | v Az Oy Y He
AL DL R RS 0 e R 2 He g R0 31 k4 B BRI ARL ) 5 X R 4 B R B 9. 47 %

@ e =AM EPRACHE , BE S LS A UE AU DL R 32, AR R 2 3 2 B B 4 — A iR
Ui o BRI TR A I Pl 2 e 3l i, 20 S E AR T s R 15 T 2 A ] B LAl it 5 i s R AR AL B TR (3R 6)

THAENC SRS B P 4 = A Kk K EPRsc e & i & (R 6) .

®6 LRe=-AKERERIERERERE

Table 6 Tourist turnover on long-distance and international transport in Putuo golden triangle

e 261 AR/ (N - km)  BREBEATR/(N - km)  AREATE/(A - km)
Tourist types Distance of road travel ~ Distance of railway travel Distance of air travel
WYL LR 9307 % Zhejiang, Shanghai and Jiangsu tourists 1076465702

KBGH A4 T X7 % The other Chinese mainland tourists 1289668550 2014602326 308749296
HEMR A5 % Hongkong, Macao and Taiwan tourists 18146032 56733532

15 R HAh %% The other inemational tourists 18522680 100756620
A1t Total 2402802964 2014602326 466239448

2.3.2 TN KB M EPRACHE A B b
PR 3 3R 4 FER 6 I AT TN K as FE PR ag il 45 25 58 T 2 e 2 Ji i 1 AR PR A0 (1) 15 3 &6
Oy A S R 61455. 0558 hm® (£7) .

®7 WA KEMERZEESE L

Table 7 The ecological footprint on incity, long-distance, and international transport

ﬁ;ifﬁ_T,E: lzt"Jc D, 8" . SR CO, N élz?S./Ei/E/hmz.
Vehicles Region /(N -+ km) /(kg/ N\ + km) Ecological footprint
¥4 Coach is! 231475800 0.018 1.05 4374. 8926 925. 4581
A5 BRI & 415756000 0.018 1.05 7857.7884 1662. 2245
e 4 = AR M E PR 2402802964 0.018 1.05 45412. 9760 9606. 5911
4 Ferry is! 190239751 0.07 1.05 13982. 6217 2957. 8623
(NI DRI 203287592 0.07 1.05 14941. 6380 3160. 7311
k- Rail e 4 = AR M E PR 2014602326 0.025 1.05 52883.3111 11186. 8543
KL Air e 4 = AR M E PR 466239448 0.12 2.7 151061. 5812 31955. 3345
A1t Total 290514. 8090 61455.0558

* BARRIR T SCHRL 191 s 711, Dy, ATl TRV AF I Tk B, My3cil T L km - A ABY CO, HER B, &, W30 T AR 1 CO, 19
BT
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Jite U A 3 A 2 AL 3 A A 3 TR o A A R A A RERE AR S R I, HAE Ok 62408. 2164hm”
3 IRHZBEESEIBSN
3.1 ESREBMES S

FHLLHE 5 i Ui S A 2 R 00 R A AE AR LLURE B DX A LU I DA A [ KT A s 8 £ DXl e 0K il
L IRE DA A IR, S5 LT S e WA %o A 25 T8 (14 B M, T DA M DK s (S LB 5 ) 4 (R B R s
WRE) M A Bk 3 AN A R R Ok iy 5, HL it I 3¢ 3 AR 25 R A8 4 B A 7997. 2121 hm® | 55502. 5126 hm® FI
62408.2164 hm®, W& 1 AT LA ikl A0m A 25 R A 87. 19% %K AEAEFHLEE 8 XN, Hir 76. 129% % 4=
FE SRS LA DO, 11, 07 % & A7 v B LSR8 oA X3 5 17 2 A e AR DX 3 L o e D 28 30 A 265 2
1) 12.81% .
3.2 il T HAN X AR 25 L i

FHLL AR 5 it Ui S A 25 R 0 S BRI PN i B [ s 28 30 REAE 110 A 2 R, LA o e T A i A A A i 1Y
98.47% , FETTN 3% M [E PRACE REFE A A S Rl i VR4 oM AR RSS20l T B REFE Y AR 28 2l
2 s, CHLACIE 7 Az i A 28 R 0 e K, FLWROZ VR 2, 45 b 22 3l T 5 BB FE 1 A= 28 2 308 T o e 81 43 3l oy
19.84% 9.96% .18.20% F152. 00% ; [AlAs , AT 2 7] LAFE H |, Jh 11 55 e i 520 BEAE 0 A 245 2 £ B 2 i &%
) B — AR R I 3 S (I BR A8 38 4 AR 2 Rl FLAH o T P K MR B A8 il REFE AR AS R IR Y 85.83%

35000 = @ g = AR B E AR 31955.3345
76.12 o M- BRI 8 A
50000 47505.3005 - 80 30000 |- w7y RE
% — AT /’\ o
% 40000 - —e— EAIL Jeo & g 25000 |-
- g
R & 5 B
&' 30000 | ] ps| -
fé & 140 & & § 29990 1 g 96065011
2 = 5 =
# § 20000 - 12.81 11.07 ,,ﬁ ﬁj«g 15000 |- o ;gg’%éé‘l‘s
:o? 7997.2121 6905.7037 4 20 i 'go i 211186.8543
E 10000 S 10000 |- 03160.7311
0 | | 0 M m 2957.8623
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transport transport transport ;

0 I
K% Coach #fft Ferry k% Rail KL Air
B1 EETRTHZESSE

Fig. 1 The space division on ecological footprint

E2 FWHZEIAEMERGHESEIT

Fig. 2 The ecological footprint on all kinds of vehicles and regions
3.3 JikliEsciE iR aE SAHE

FHLHE 5 Ui S 7 AR IR A SR (FAE & CO, /) FER S IX N ([0]) BRIRTHFEFI T N ik A bR
S BERE AR R B AU ST TS BRSSP 4 291770, 04 ¢ ZEEE €O, Hih BN (1)) BE RIS AR AR
1255.23 t %4 CO, (BRI A WA 5.2 « O, ), TN K& K [ Br 22 1 fig I #6 77 4
290514. 81 t4 i CO, V34 FoMy KA A RALBERE ™ A= 55 & CO, 430100 57645. 66 ,28924. 26 52883. 31t FI
151061. 58t, 45 IX 48 4% Fh sl T HBEFEF = AL 5 & CO, Q13 7 Fin ik IE s 38 76 A LA S X F L
DAAI v [ Kty B s R £ DX A v [ A A iy At DX 3™ A i 25 SR 53 1 3455438+ S5 & €O, 224570. 51 t
4 CO, 13264515 t %4 CO,,
4 #Ziv5itie

(1) FHILEE S iR Ui AC B A 25 L A 62408. 2164 hm® , A¥AEZS LB R 0.011569 hm* , e 4 =Kk
B PR AC T A 25 T 52748. 7799 hm , (i il A AC i AR 25 A2 300 1) 84 52% 5 % e 4 — MiF R 1 a8 I [ PR ag il A
BT 0.015051 hm® S AL S e 22 I AR 25 JE 30 1Y) 1. 30 A%, S A5 LUy -Uefed i 0 58 i N 35 74 25
SRR 5.9 A% BEARAT LU 5 ik 0 A 3 A6 2 2 30 S R R AR P 4 — A AR i SR B sl AR S R 3 8
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(2) LI B R 0 2230 7 A T 28 U4 291770. 04 ¢ 554 CO, , NI AR IR E UK 54. 09 kg 558 CO, . TE4
Fh sl T H rp ) TR AZ 3 HE Y IR SRR 2, HUE O 151061, 58 + S5 CO,, o i & AU HE RS = 1)
51.77% . TERSEATRE Y, CHLACIE ™ A iR 2 UK (B8 & CO,) VRESSH Y 17. 14 £, RF A ACH 1 4. 41
¥ SRS Y 12,34 f51° ) ZEHRIGACE R, Ak KHLIG K & I B B P A Y IR R SR IR & W R I R
MR K, Ui oA i Acil T BB e 7 AR IR = A Z DR R R

(3) H T 32 M 3R 25 A g PR, 0035 A LU 50 R i 3 5 2 R A P AP sl AP DL E Y 2838 T B HiF 2 iE %
BEAEBE (1 oL ST PR 5 TR B R 20 30 S DXl WA Y T B 3 A R o8 3 T L, st 1L 8 5 il D s
A (XTI AE SR ) B, o AR T 10, 13% . FHLEES W I 28 8 AR S R I AT 87.19%
R AEAEAR DK IGAN | HRiie b i) 22 J 25 Fh L B 5 DX IO AR B8 R R T8RRI R T ARG U 28 3 A 45 AL 3
ol 2 AR B, 2 S BT LU AR A i T R R R I B BRE, Sy T — 25 R = SR HE R, S L T
JFAE DGR 110 76 R B A% T AR A HILE 8 R & BB R 1 A8 T B s RIUF UL AL iR I 2R i, 51 =
T2 PEFR G BRI A B 2 FEBE 4 ROR DR 2SSl MTis S50 A, Bl 0 B 5 B R i 28 38 TR sl ehotk A
Y AC3E T2 BEIRAERE R AL,
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