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Sustainable development of tourism in a vulnerable ecological region: an emergy

analysis of the Gannan Tibetan Autonomous Prefecture

LI Wei“ ,HAN Peijie,ZHAO Xueyan
The College of Geography and Environment Science of North-west Normal University , Lanzhou 730070, China

Abstract: The sustainable development of tourism has significant importance on the natural complex ecosystems and lives of
humans and now become a global demand. The contradiction between eco-environmental protection and tourism development
in vulnerable ecological regions is particularly salient. It is urgent to evaluate the development sustainability of tourism in
such areas, which could promote the coordinated development of tourism economy and ecological protection. Taking Gannan
Tibetan Autonomous Prefecture as the research area, this paper incorporates an emergy analysis and applies indexes such as
Eti( tourism emergy income) Ete (tourism energy export) TELR ( tourism environment load ratio) TEER ( tourism emergy
exchange ratio) and TSEI ( tourism sustainable emergy index) to evaluate the development sustainability of tourism in
Gannan from 2006 to 2015. This research results were concluded based on the survey data, the statistical data and the data
from the emergy transformation. This research attempts to enhance the quantitative study on the sustainable development of
tourism and provide a scientific underpinning for the comprehensive evaluation and sustainable management of vulnerable

ecological regions. The findings are as follows: (1) from 2006—2015, the emergy value increased in tourism input and
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output per year in Gannan. Emergy for rigid demands, such as the demands for catering services and accommodations,
accounted for 59%—82% of the total output emergy. This constitutive structure was unfavorable to sustainable development.
(2) During this period the sustainability of the researched area was unstable. From 2006—2008, the TSEI declined from 2.
49—0.94. A large consumption of nonrenewable resources caused great pressure on the environment, rendering the tourism
development in this area unsustainable. From 2008—2015, the TSEI rose t07.85, and the tourism development in this area
was changed to a sustainable pattern. However, from 2014—2015, the effective emergy output efficiency was still low,

which indicated poor sustainability of tourism system in Gannan.

Key Words: Emergy Analysis; vulnerable ecological region; sustainable development of tourism; Gannan Tibetan

Autonomous Prefecture
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Fig.1 Major function oriented zoning of Gannan Tibetan Autonomous Prefecture
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Table 1 Resource energy conversion coefficients and emergy transformity

31 TGRS (%Y 225 30k REAE AR (sej/j sej/g ) 225 3CHik
Resource Energy conversion coefficients Reference Emergy transformity Reference

] HEH 78 IR % i Renewable resources and products

K IEARE Solar — — 1.00 [19]
KA Wind energy — — 2.35x10° [19]
7K #6E Rainwater potential energy — — 4.52x10* [19]
Mi7KfL2#6E Rainwater chemical energy — — 2.98x10* [19]
17K Groundwater — — 4.10x10* [19]
Y Grain 1.62x10" [23] 4.35x10* [19]
HEE Ol crop 3.76x10" [23] 1.3x10° [19]
T Barley wine 2.7x10"° [24] 1.0x10° [19]
JKER Fruit 3.45%10° [24] 1.1x10° [19]
#R 3% Vegetable 2.46x10" [24] 4.35%x10* [19]
414 Beef 1.62x10" [23] 6.7x10° [23]
A Mutton 9.21x10° [23] 3.35%10° [23]
AL & Dairy 3.6x10° [23] 1.7x10° [23]
ANH] HHT G 1™ i Non-renewable resources and products

IK 23R Soil erosion — — 2.7x10° [19]
I Coal 2.09%10' [24] 6.41x10* [19]
H, Electricity 3.6x10° [24] 1.54x10° [19]
FIRT Natural gas 2.41x10* [22] 7.73%10* [19]
7ZIH Gasoline 4.61x10' [22] 1.79x10° [19]
4E9H Diesel oil 4.35%10'° [22] 1.79x10° [19]
IEFYII Waste

JE I Solid waste 6.9x10° [19] 5.38%108 [19]
%7K Liquid waste 5.0x10° [19] 1.23x107 [19]
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Fig.2 The variational trend of emergy from Eti( tourism emergy income) and Ete( tourism energy export)
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i, 0 B REE MR 5, DL, IR REMH o S RE1ELAY LU 4 &1, 24%—55% .,

(5) e it 5 WL RE

Jite Ui WL BB (28 Ak B BN, A T 4.73% 10" —7.48x 10" sej =2 111, L (5 jite e 11 BEAG 1) L T H 23 % %
2 8%, IR T 10 AFWER XA X oA AR 55 I (E A E AT B Al R  ELUR: 2012 ARG 5T X AN A8 38
RETIEA G, U148 JUZE I I 5K SRR IX A5 K 35 e R ) 45 55 I 5 W 5 | 1 24 v 1 H R eEE 1 3R
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Table 2 Analysis emergy of tourism in Gannan Prefecture

. JEEEUE (/v ¥ ) KPHREH (sej sej/ ¥ )
iH Original data Solaremergy
Project
2006 45 2008 4E  20104F 20124 20144F 20154 2006 4F 2008 4F  20104F  20124F 2014 4F 2015 4

A 2.94x10°  1.4x10°  6.7x10°  13.12x10° 22.58x10° 34.03x10" 4.23x10" 1.58x10" 6.37x10" 1.06x10% 1.76x10% 2.52x10%
Et
fEfE 52

R
gmgjar — — — — — — 1.44x10" 1.13x10" 9.52x10'  8.12x10'  7.80x10'"  7.41x10'
ratio
Hih — — — — — — 2.10x10"  1.34x10"  2.79x10"  4.60x10" 6.24x10"  7.78x10"
Ete
fﬁ\'% 10 10 11 11 11 11 17 17 17 18 17 18
Coan 3.88x100  1.95x10'0  1.4x10'"  3.20x10"  1.51x10" 2.60x10" 2.24x10"7 1.13x10"7  8.2x10'7  1.85x10'8 8.73x10 1.5x10
gﬂiﬁmp 4.17x10"  2.67x10'° 5.53x10'"  4.91x10"  5.16x10'"" 7.90x10'" 5.42x10'® 3.47x10'® 7.19x10'7 6.38x10'7 6.7x10'7  1.0x10"
7)
F’ﬁ 2.36x10'0 6.96x10'0 2.92x10'"" 2.94x10"  5.06x10'"  7.09x10"  3.0x10"7  9.05x10'® 3.79x10'7 3.83x10'7 6.58x10'7 9.22x10"
ﬁ% 11 11 11 11 11 12 16 15 16 16 16 16
Vegelable 291x10" 1.79x10" 3.03x10'"  3.24x10"  4.18x10"  1.45x10'% 1.26x10'® 7.79x10" 1.32x10'® 1.41x10'® 1.81x10 6.3x10
er~ [=]
;aﬁjy"” 1.06x10"  2.32x10" 9.40x10"  1.05x10'2  4.74x10'> 6.85x10'2 2.13x10'"® 4.65x10"7 1.88x10'" 2.1x10' 9.49x10'® 1.36x10'
3:85? 3.63x10" 1.86x10"" 3.51x10"  4.63x10'2 1.06x10'2 1.41x10'% 2.43x10'"® 1.25x10"® 2.35x10'® 3.10x10" 7.12x10'®  9.49x10'®
> K]
ﬁjﬁn 9.13x10"  5.81x10"  1.05x10'> 2.32x10'2 5.13x10'2 6.44x10'* 3.06x10'"® 1.94x10"® 3.53x10"® 7.77x10" 1.71x10"° 2.15x10'"
i coal 457102 2.20x10"% 5.10x10'? 9.37x10'2 9.42x10'> 1.28x10"> 3.07x10'7 1.48x10'7 3.42x10"7 6.28x10"7 6.32x10"7  8.63x10'7
KRR
Notural ga 0 0 0 3.12x10"3 5.02x10"3  1.33x10' 0 0 0 1.50x10'8  2.41x10'®  6.41x10'8
ature as
Eemimy 2.92x10'% 1.92x10'  4.60x10'> 8.94x10'> 4.94x10'> 6.59x10'* 7.84x10'® 5.15x10'® 1.23x10"7 2.39x10"7 1.32x10"7  1.76x10"
7l
‘ifm 1.24x10"%  8.21x10"  1.96x10™ 2.54x10™ 2.11x10™ 2.81x10™ 5.12x10"® 3.36x10'® 8.06x10'® 1.04x10" 8.65x10'® 1.15x10"
VY
aﬂhne 1.45x10%  2.36x10°  8.50x10°  2.74x107  2.98x107  2.60x107 6.35x10'® 1.03x10'7 3.72x10'7 1.19x10'® 1.30x10'® 1.13x10'®
Jiioy
aﬂloi] 1.37x10°  2.23x10°  8.02x10°  2.58x107  2.81x107 2.45x107 6.01x10'® 9.80x10'® 3.51x10" 1.13x10"® 1.23x10™ 1.07x10'®
Se.
ol
Landscape 3.37x107  4.2x107  8.62x107  1.06x10°  1.08x10%®  1.09x10% 4.86x10'® 4.77x10'® 8.21x10'® 8.59x10'® 8.47x10'® 8.09x10'®

3.2 JRIFME AR
T Ui B 1 3R AR AL R, 2006—2010 4F ) HAB /N 1, A8 fb s A, 2L IR EE A T 0.5—0.98
(3 3) KT N4 22T H X (B an 2822 (2012 4F,1.35) 117 HlR & (2006 4E,3.73) 7)) S5 EZ 8L E
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e AE (3 B R B A AL <V TS AR R A T 0.47—3.81 (181 3) . 2008 4F Z AT, ik Ji7 AE 1 2 #
FAE 1 LRI HARGIREEE /N R W IR AE (H AR AL T WS PAl RAS iRl R Ge A 77 Be 13855 5 T o)1
HRZ RT3, 14 FOE (F20 , 2008 4F k7 RE(E S R M3 T 2 0.47, KR KGR A 1 047 REME , 3RS
0.47 BN BEME IS , R GUAL T 07 HUIR 255 2008—2015 4F | il s AE(E A e Rtk T, & 2015 4F | kI R 4
FREANRBIE A AT 3RAT 2.8 BN () BEIA IR 45 , 2 WH il it & R o R AT M 8 B 84, JLOE I I s I A Fp 82 34
R WY R K SRR ) AN BT B
3.4 il R K R AR L

Jite T T 45 R AR BORUE AR A I S K, WA 3 s, 2006—2008 4FiZ 355k 2.49 TREZE 0.94, ik i FLaik
T A A THFE T R AN T BB IR iR R AR BB ™ H R AIE, b TR T REZRAS s & 2012 41, 1%
T te T2 5.06, 30 RN W24 N AR TF 2 4 M SR H bR 00 5 B L R i A T BE oK, Wi &
BT W] R 2 AR 1B 5 2012—2014 4F Y 5.06 FIE R 3.22, 2 W eI v i i AR S A 2
RGN ASRIKIZ AR T, T HFL R R RE 1 T B 52015 AR I v] 152k kSR AEHCR SR 2 7.8, i T H s sk A 6 M
i A3 TC B 3 i A A it U X RV TG Sl IS R I R T ek, (LR i U 2R 4 il = BB B A B A g
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Table 3 The emergy indexes of tourism sustainable development

iH SEAS) Year

Project 2006 2008 2010 2012 2014 2015

NoFe s o ab

ﬁﬁ(}%"/\ﬁb . . 4.23x10" 1.58x10" 6.37x10" 1.06x10% 1.76x10% 2.5%10%

Tourismemergy income/sej

M EA L S

Em%"thﬁhﬁ . 2.10x10" 1.34x10" 2.79x10" 4.60x10" 6.24x10" 7.78%x10"

Tourism energy export/sej

MR 2R

MRS Bk _ 0.51 0.50 0.59 0.49 0.97 0.48

Tourism environment load ratio

M Vit B (1 2 M %

Ml R 2B _ 1.28 0.47 1.65 2.49 3.13 3.81

Tourismemergy exchange ratio

] +gi:l* &b =P

ﬁﬁoﬁ,w* *Af‘%ﬁ“ﬁ*ﬁﬂ 2.49 0.94 2.81 5.06 3.22 7.85

Tourism sustainableemergy index

N 8
4 it DS it E
_&é 6 | —— JRIFABME AR
, — . . Lr o — AT AR IR AR
ASCHESE R 2006—2015 4F H B RO A IG MiRls 2 4 "
L A N N N Fo
iy AREMH iR BB (ERAE K MR SR BB = 2
M LA ) Al 2 M e R ) b 0 n )
A | =

i s B BEAE Y e R SR T o R IR RE(E TE 006 3008 010 o012 074 2015
WFFEIT B AR 235 0, 2012 4F 38 38 2% 1 ) el 8 i i 5% 4EH} Year

Ui 2 VA 22 | O 48 TR R (B < i AT 1 o ) i B3 T B e i T 5
e NAPESWN e L A 2 S FRIFFEL BeE BIR5Z

BRBEAEIT 5 LB TAE R RE AL, o5 AR h BE (A L) - . .

e . . ig.3 The variational trend of tourism sustainable development
SRR B 1 R (R T 2 B B DY SR 2 B9, hndewes system
2012 42238 S5 A 0 ol 1 2ok B Ui 4 2 A T e (Y
PR ARl 5 R R A R A AR MR BE R/, A o e e i L REAELIY 0.6%—5% , IX N iR Ui SC il K B gt e 2218, A
S SC 0 R Y F2 B PR 3R 5 AR5 XM RS ot X B A 7 R B 7 A JRE A LA, A BB R 5 7 A T
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PR, FBUMR I WD) REAEFAR 5 i e S ULBE (A 1 AR AL RREAS BH S, (e ite i o BB 1) LU BRI, il U 2 %
A M SO A 25 55 0 (8 EL A 0 v AN ) B8 L S5 — T DU 1 75 6 46 ) 20 48 T 55 H e e i S DXAE L AR
ARG, H B N it I 5% DX R AZ S — B0 1) 7 TS, 55 T e R S L A TR

MAAKRE | H BTG B 6 MRl 6 & R s ik . 2006—2008 45 Hy 11 #E KA 1T 8 0 PR3
R A F R AT RREERAS 5 2008—2014 47 A AT 537 06 R AT #E D820, 78 S0 RRAE 4544, Ab F mT 582 & etk
A B TR R R ARG 5B Y, 2014—2015 4E R Uil Ab T v] #5252 & AR 2, (Ui 7 2R 4847 RUBE(E ™
HRAIG Ui R G BB ARG I = A RE (= 1, 1 A 38 B R W AR A 5 LB I A A, AR A A M 55 X
CHERARGETE A

H A 235 T A | 12 BB (A ikt A T o] R K SR PP, /D S i il it ] 452 K S i sh A T A R 3, AR
SCHT ZUREE , R BB 73503 M TR T F 2 e J 1 AR A 34, 00 %o 1 Bk A 285 6 559 DX 1) A\ M 56 &R A st
A A EEME , AH o TR AT RES M 0 Sl A B R AN B 24 W 2R A MR DL, i 22 B[] 570 54 AR U
ME A ST FEATI A AE — 28 BRI BR P o AR SR I FH B BE Tl i | 2 OB J L a0 58 i it 850t - 5 10 R i AR IR AT
PR ZEEPLE TSR AORS 05 B, 2058 R 23 Al R () i ol vl R 52 % e A 45 T i AR it 34, b e [
A TE [ 5 s 1l IX R FE R W REARLOF 58 1 AR . (RIS, A SNz FH ) A0 SCRR 0T 55 8 Atk A 7 A S i Ui 1 5 400 i
1B, AR AR U RBAE T R & 9 ol 2 A DG IR I e 0 e A ) A2 AR 1
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