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Estimation model of carbon dioxide emissions by regional tourism transportation

and empirical analysis of Nanjing and Huangshan cities, China
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Abstract; Transportation is the foundation of the tourism industry; yet, transportation accounts for a significant amount of
energy consumption and greenhouse gas emissions by the tourism industry. Among the greenhouse gases, carbon dioxide is
the main contributor to global warming. Implementing environmentally friendly regional transportation is essential to promote
the sustainability of tourism. Scientific designed, low-carbon emission and green transportation represent great opportunities
and challenges to tourism. Thus, the analysis of carbon dioxide emissions by tourism transportation presents an urgent
theoretical and practical problem. Carbon dioxide emissions by regional tourism transportation include two components; a
tourism part and a non—tourism part. The key and difficult step of this research is how to separate the tourism emission part
from the total carbon dioxide emissions of regional tourism transportation. From a top —down perspective, this study
constructed a model to estimate the carbon dioxide emissions of regional tourism transportation, and made an empirical
comparison between Nanjing and Huangshan cities, with the former city containing more economic and tourism development
than the latter. It was found that regional economic and tourist development levels represent important factors that influence
the carbon dioxide emissions of tourism transportation. The sizes and orientations of the contribution of regional economic
and tourist development levels differed. The carbon dioxide emissions from tourism transportation in Nanjing were 9.72x10°t
and 1.33%10°t in Huangshan during 2012. In parallel, regional economic and tourism influenced carbon dioxide emissions

from tourism transportation, which were related to the regional development level. The elasticity coefficient of the economy to
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carbon dioxide emissions from regional tourism transportation in Nanjing was greater than that of tourism. In contrast, the
opposite trend was documented in Huangshan, with an elasticity coefficient of more than 1. The average per capita carbon
dioxide emissions of tourism transportation in Nanjing and Huangshan were 10.09 kg and 3.31 kg from 2009 to 2012. It was
also found that the carbon dioxide emissions of regional tourism transportation had a significant effect on the inter-region,
where most carbon dioxide emissions occurred. From 2008 to 2012, an annual average of 89.13% and 90.21% carbon
dioxide emissions by tourism transportation occurred in the inter-region of Nanjing and Huangshan, respectively. In the
structure of tourist carbon dioxide emissions by different types of regional transport modes, the civil aviation, highway, and
railway had the greatest quantity of emissions, while tourism carbon dioxide emissions by different types of regional transport
modes increased to differing degrees. To optimize the structure of regional tourism transportation, it is better to cut down
carbon dioxide emissions from regional tourism transportation. Statistical analysis showed that the diversity index of tourism
carbon dioxide emissions from regional types of transport modes were higher in Nanjing compared to Huangshan. Yet, the
composite carbon emissions indexes were the opposite. In all types of regional transport modes, external transportation
contributed more to tourism than internal transportation. When taking the railway and civil aviation as examples, these two
transport modes contributed 30% and 40% , respectively, in Nanjing and over 60% and 80% , respectively, in Huangshan.
However, there were also differences among regions and periods. The government should take policy effectively to adjust and
improve the allocation of city transportation to reduce tourism carbon dioxide emissions of transportation. The society,
economy, and tourism would be much more sustainable by implementing special planning for city transportation and

designing special tour lines for urban traffic.

Key Words: tourism transportation; carbon dioxide emissions; relative usage index; comprehensive carbon emissions

index; Nanjing city; Huangshan city
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FEE BN, 2008 2 2012 4F T 5t i s i i cHR B v DU e 52 38 e HE IR B2 19 LU AT 55.419%-60.12% 2
B (B S) , YR E] 57.52% , 28 BT 213K 5] 19.22% , 8k A 5] 17.05% , L ZE K8 3 3.63% 5 # (L it Jy 1 (&
6) ALz T i LEETE 64% LU L SF3493K5 5] 69.09% , 3 Y38 5] 14.24% B ANH 443510 11.19% 1 5.
03% ., P 5T BT H FH 25 04 i 2 38 e HE SO LU (9IS 3 LUl o 4k s e HE s o LU A9 v T BTy, — e
P DX I 28 5 R R /KT LA R 3 388 235 ) o) 2 38 i 30 e EL A EE 252 ), g — 1 2R 8 L o e il & J 1o 44 15
T AR BRI (R A s T e A | KO A TR B L HU S R i i

O a O #is O %
~ VA
B gk B A% B Sk 1.54%
2012 21.85% - 55.41% I:I 1.39%
I 5.67%
1.40%
2011 19.85% - 57.38% EI 1.35%
I 6.12%
5 1.57%
; 2010 21.05% - 57.82% I] 1.18%
Py I 2.93%
1.46%
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I 1.92%
1.38%
2008 | 13.88% 60.12% I] 0.76%
. . . . 1.53%
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5 BEmAREZEBRAEN S E PR ZEA X6 (2008—2012)
Fig. 5 Annual scale of CO, emissions of kinds of transport modes in Nanjing(2008—2012)
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E 6 HLTiRkiFEZEBRINEERELZEAXE SLIEH(2008—2012)
Fig. 6 Annual scale of CO, emissions of kinds of transport modes in Huangshan(2008—2012)
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Fig. 7 Annual growth rate of CO, emissions of kinds of

transport modes in Nanjing(2009—2012)

(3) XIS EEH A ACA I TR 7 S8 i B HE A B/ . 2008 2 2012 4F, R 5t T ik i 28 18 fie HE il 2
PEARRASTE 1 DLE (58 4) R T BT, HARFRFAWIE R (U3B89 7E 0.9 DUT , HARFFAS BT B i 2 1
A B, iRl Sl i HE AR MERR BIYTE 0.9—1 Z I8, FEA PR IRRLE LA B FE HOEA R FRTE 0.7 4,
— Pt , DX IR iR 3 52 T A HE T 2 R AR OB G | ik U S 45 A B, DL DX Sl Y S A B HE R S A
WYIRIICAR o A4 DX IR 0 Sl e HR A Hh 25 5 07 XU o 1) U 0915 R HE TS BoAi AR 5 20, I 45 21 X 3k
T e S ) £ 5 BRHE AR R ( CCEL, comprehensive carbon emissions index) o 1545 Fh 323 J7 sUHY BRHEHE B
X I, DXCABOAR B 52 38 ) 245 Bk HE AR BAOTT FH SR SR AR DI v i A i e 52 38 5 02 B HE TSRS 450, T4 A DX sk
i S e HE AR JEE A 5 3 4 bR . 2008 28 2012 45, B 50 K U7 5 388 23 45 i HE S 2474 0.1049kg/ pkm
(F4) ARTFEIZILTTR 0.1168 kg/pkm, 7 DX IR 7 528 B HER 2 AR PR RS R0 R | L35 IR HE IR B0
I, A ] DX el T S e HE T ) s/

x4 REREZBHRAESHEEERRSSHRIMIEY

Table 4 Diversity index of CO, emissions of kinds of transport modes and comprehensive carbon emissions index

LRERHE G 2 (kg/ pkm)

ARGy ZHEVESREL PR AL . . L
L . . Composite carbon emissions
Year Diversity index Dominance index .
index( kg/pkm)
Rl gl AT W R HT
2008 1.075 0.971 0.856 0.638 0.1033 0.1133
2009 1.135 0.904 0.796 0.705 0.1025 0.1174
2010 1.154 0.906 0.777 0.703 0.1053 0.1175
2011 1.203 0.915 0.728 0.694 0.1076 0.1188
2012 1.223 0.992 0.708 0.617 0.1058 0.1168
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2.3.4 2525353 77 W mHE R iR eIl ) BTk

2008 % 2012 4, m 5t i 5 At HE T (3R 5) |, BRIEML 4 DR BIAE AR WIS i s i il i e HE
B AR 35% LA 1, 2011 4EFE &3k 5] 38.12% , ok S8k %, P35 8 31.25% , B ZE P3R5 15.01%, 2>
1355 10.55% , FAMIIAE] 10% ; [RIHA S 1L 45 FhscmanHEcT (32 5) iR A« STk BAE RIS K,
AL it Tl R B HE Bl AT 4938 3] 72.65% , 4 H5-F- 1935 81 60.97% , LA 22.24% , AN 16.30% , ST, X
3845 252538 77 A BB, X Ah 22 3 it Il ST R T 3T P A 3 At Il BT RN

£S5 BRHMELTEZEFNBABE PIRIELA SR %)

Table 5 The proportion of tourism in CO, emissions of kinds of transport modes in Nanjing and Huangshan( %)

Transport mode L Bl

2008 2009 2010 2011 2012 2008 2009 2010 2011 2012
O\ Highway 7.91 8.86 10.92 11.34 13.74 9.66 10.44 11.95 18.11 31.35
kB Railway 32.11 31.23 29.63 30.43 32.86 60.12 59.32 61.51 62.34 61.56
fii%5 Civil aviation 36.23 35.78 37.41 38.12 37.91 72.03 74.29 73.15 72.34 71.46
AR Bus 2.10 2.37 2.97 3.10 3.83 1.58 1.72 2.00 3.21 6.41
LA Taxi 11.42 12.72 15.53 16.09 19.28 13.82 14.88 16.92 24.91 40.65
ik Metro 4.12 4.63 5.78 6.01 7.38 \ \ \ \ \

3 Fig5itie
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Jic i 2C i CO,HERCEE XA, BT ik B T 71.73% , LW . DX ISR Ve 5 i A HE R 1) DX 30 43 v S b e %%
AT RS, FERT UL AR | T AT AT R SEAS I fin i LA B A it it b A5 B4 ERF ) 8y 3860m , DX el e 9 5
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(3) XS WA HE L b, BT o b e K, LR 2 B VBRI A LR A 2 | DXl S 3 455 44 19 A0 Ak A
Tl A @R A8 /0 . 2008 2 2012 4F i 5t T 2 ik e HE I o DX 3880ite Vi 2 3 Rl HE 3 12 1) LE 372
IKF] 57.52% AN B Bk A2 A F) 19.22% 17.05% (3.63% ; 8 LT 7 1, {28 BT o5 H B 7E 649% LA
b I3 69.09% , /% BB HFHAESY R 14.24% 11.19%F1 5.03% , 4% 253810 77 2 19t e me HE i g 2
APRFFAN )RR B 3G, v o R 2 08 i 8 A Sl BH S, T AL AR AR 4 43 S 3 K 69.08% FlT 57.53%,
AR | T LT R I A 45 S R HE TS B4 4 0.1049kg/ pkm AR T [A1 4 # 1L T Y 0.1168 kg/pkm,

(4) DX 38845 23838 Ty AR AR HE R b, X &1 58 38 i dite . 1) 5% kA A, T 3k vl i) 5 3 a4 it ol o ik /N
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