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An emergy analysis on the ecotourism system of Wuyishan Natural Reserve

LI Hong-Bo™ , LI Yan-Yan
Tourism College, Huagiao University, Quanzhou, Fujian 362021, China
Acta Ecologica Sinica,2009,29(11) :5869 ~ 5876.

Abstract; Emergy theory and analysis method have been applied in the ecological science and other relative fields. In this
paper, Wuyishan national natural reserve in Fujiang province of China is taken as a system, emergy analysis has been used
to study its ecotourism situation. The entire value of an ecotourism system can not be completely presented by the traditional
method of emergy analysis, therefore, CVM is introduced in order to compensate this, so that a complete value of the system
can be presented. In this way, some of new concepts of emergy are proposed such as ideal exchange emergy ratio. The
results of this study have been compared with other similar study. This study indicates that; (1) the emergy density of the
ecotourism system of Wuyishan natural reserve is 7. 31 x 10" sej/m’, lower than the average of that of Fujian Province( 16.
62 x 10" sej/m’) , meanwhile the emergy of per person is 2. 80 x 10'°sej, higher than that of Fujian Province(5.75 x 10"
sej) ; the net output of emergy is 3. 60 ,a bit higher than that of the tourist economic system of Yueshi ecological agricultural
system in Gongcheng, Guangxi Province(2.79) ;the ideal exchange ratio of emergy of the ecotourism system of Wuyishan
natural reserve is 0. 70. (2) The physical environment of Wuyishan national natural reserve has great potential for
development ; the economy of local community is in the state of underdevelopment, and people’s income is low; the
efficiency of productivity of the system is also at low level, with an unbalanced trade with outside; finally, the ecotourism

development is just in the state of initiative stage.

Key Words: emergy analysis; ecotourism system; CVM; Wuyishan

ESTH R EA SR RIS ¥ BT H (20078029 )
Y78 H 9 :2008-11-12; &1T B 7 :2009-03-08
* W iRAE#H Corresponding author. E-mail ; ecocivi@ yahoo. com. cn

http ://www. ecologica. cn



5870 B ¥ R 29 &

WE & TR IR IR 0 H 258 , A S HRWETE 20 40 80 4RARALE T A . R ELSR PN A= S 3R 48 iR 9, 18
SATAR AR R AREZ AR, —HIEZBANHVGE . AR, B IRIZWHITETR E & B REP
X E R BN S E T RIT, & BBk, —ERE LR TR BT R (AR, £ BRI
BHE BIFR RIS SOGB4 A S RIG YR IR SR T P B IR, 140 T A A5k 1 D 5 T 4%
SR TSR, AT ER A Ak B A 2SR SR I A B I 6 R B AN R TR MR S, R A
25 A R AR R R A b R R B B PR O B R 0, RE MBI 57 I R A B 5 AT
SRR ZEE 7 B B B AR X — AR T 2 B

BEMEAMT RS A T R R EE L REAS¥EK H.T. Odum N Z53 BB K BT & B TiR . 1987 48
H. T. Odum 432 Fi i 2 5BL24 5% 50 482K ( Crafoord prize) & K KPS E ! MILE Science T & F K13
B R T BEIEAE S HIE 51996 4F H. T. Odum &£ T H¥EEMEE . 20 ih42 80 4E/0, EE KT R
REMEBFSY, T KB ERBS B SRR B0, o SR B R & R T E K Fimk. bS5 &
KA Fit RKF WS Z R ERT 90 FRIFREBMEMF EVE B RESERRYERNEEWL S
ARBEIFF . HEFFREEEM AT 20 e 90 R, CHRAEDFAHMR) — B E R EMIE A A X
BFREAZENE N 51995 4E 15 BIF 458 VOB REME AT BB BRI TR R GRS o 10 4838, REME B 6
FEFEER)ZMA, R RERSHX " RVESRE S ARREPX Y BEEERE
SEJ7 T o SRT , BEMEAEARWE A S A0 R GE i B AE $8 7T B, 2007 4F, 57T SR ¥ SR 3096 0 HE B T
P A A SRR W R SR HT , X — B IR R T BB e T E R I A S 2 R GRS, H
AT, BEMELA T 7 ISR A S 50 R G H BB FRTIAL THRR B BE, IR I LE B2 RS REME T8 AR IR R B4
MR T, DRI A, IR oK BB B A S0 A A 0 e 2R G I SR B 0 R 45 B T SR M o A SCKETE 18
NKBNAE R T, B REE IS 5 xR 1L A R X AR BRI R AT T, SR A ki R
SReEPTIEFA AR R R T L B R X AR R R AEER I8, iR R 1L B R AR X AR iRkl &
JRIRHEAS (BT,

1 RELAARPRER

FRARFL E ARG X BB AL bR R LS 270337 ~27°54" 7R 4 117°27" ~ 117°51", 3 S AR 56527hm”
TP K AR SIRAE 8.5 ~ 18°C 2 [a] AR -3k B —fif g 1486 ~2150mm, {347 1X 1974 4£R057, [FI4E 7 AHE&
I 45 Bt v o I R B A 1 SR X, 1987 AR Ayt S A A BB X, J2 3 I A T it B TR AU K AR A B
SRR FMES RS . KNARAR SRR, AR 2236 Ao HREZEUBNRIEH 4
FEN BN TR BEE R IX P9 A AR G HH B, AN R 8 3 T A SR IR 45 e
2 BRAE

BB AT 7 B AT E BT IR AT IR B A 5 5 R R AT S A UGS —FER K
BMESRERES LT RE WA W I A H T A S8 B BB E R PR HAE , I BB HE1T EL B 4
B8 BRMEAHTLL R ABEE T (sej-T ") HufE, AT A B AV R A A UGB RHEAT BRI AT 38
BRI, B — BRI AL ENE RAES L TIHE N REES S AR, & BT 5 255
M ELMEU R ENZEIRXRR, FFRIABRESAR SLF LR e ARRESHAHSE KRR
et SCME AT RS & SRR o BRI T T HE W AR AR S-ZRR E A ESRGRM T HEK. AW,
REAE MM LR R S R AR W (2 ) 7 A R BT T R FO A B B , SR BB S e A xh 2 78 R G i $R L F) R
% R (AR

SZINRBE S B BR R R W 24, AR A 25 RS IR &5 R DHMYUR T B R R Gk 7=
TRER AR LR, FEERHE I E B ASUKF R, REWSPEIAESRENR . REE
BEMARKMTEN R AESREEW SEDS, CME TAESEHE ASUHSER, 5 RBETAS
REHITIE, IR WA TE TSRS Mk, B, B3R 1 B RE X A 20 i R SR 4 1 IR &5 A (U5
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P SINNRFR B RE R, 1B I NN B AR PR | AR 2555 WL 558 A 250l 0 TR ) 38\ WD ik T 7 K o
B2, BRIE /T I R BE R A SN AR 1L B AR PR IX AR 2k U 2R G0 BT 4R B B R W R 45 7 oK, AU R T 41 4%
P S TR BERIAR 55 o AT ERFR I B AR PR DX A 2R 38 2R G0 8 B3t FRO ik 0 IR 55 0 7 R M A B Ay o L A 2 i
WrBTIRAR G M ERIAIR, 878 T ASXT IR L A R RP X A i BE RS 5 B AR =R, Il AT R
BT ARKRH . AL, ABIFLE & 2 {H 5 (contingent valuation method, CVM) , K AT RIBHA RERE(H
G, 3R L A RO K AE IR R SR REEBA BEIE™ H ShE AT RGBT HE E PR

3 MRERDHT

3.1 AR RIRAR G A OE S A R (E (WTP)

PR T 2008 43 ~4 H 8], Be#E T SR M T AR L RS R T B A KT R L B AR
XA SRR MR A . IR 550 43114, B 550 £y, [ER 100% , Herp A a4 508 4,
TERRNE 42 1y, 3R 92.4% o ASSCHIRE TSR JER SR B0 287 N, A BN 52. 2% , TR RIBARAR
SMRGEITASR (3R 1) R, FI9{E 61. 95 J6, ArifEZE 71. 46 JT, B N4 WTP AL {EN 38.37 TG,

*1 XNEBEERIHAESH
Table 1 The frequency distribution of the accumulated WTP

WTP 3ZAfF #s3FJREL Absolute frequency ARSI EOOE S R

WTP payment card( JG yuan) (_AYK number of responses) Relative frequentness(% )  Absolute frequentness(% )  Cumulative frequentness( % )
10 70 13.78 24.39 24.39
20 40 7.87 13.93 38.32
30 26 5.12 9.06 47.38
40 9 1.77 3.13 50. 51
50 55 10.83 19.17 69. 68
60 7 1.38 2.44 72.12
70 1 0.20 0.35 72.47
80 5 0.98 1.73 74.20
90 3 0.59 1.05 75.25
100 40 7.87 13.93 89.18
120 2 0.39 0.69 89.87
150 4 0.79 1.40 91.27
180 1 0.20 0.35 91.62
200 12 2.36 4.18 95. 80
250 4 0.79 1.40 97.20
300 4 0.79 1.40 98. 60
400 4 0.79 1.40 100. 00
R4 At 221 43.50
Bt 508 100. 00 100. 00 100. 00

i {H 38.37 ; 241 61. 95 ;55U 2= 71.46  median 38.37; mean 61.95; standard deviation 71.46

T A BTS2 AR AR SN B IR IR B, 6 R R A 1L [ AR KA 3R SR
HEH9 R0, AR 2006 4F AR AL SRR R B0 AREVEFE, BIHEA8 4 2 WP B4 6. 52 x 10°78/4F.,
3.2 R ERES KA AR R GRS

KA R BRI RG R RE R AL BRI E & AR, R NSNS 2
BNEMEIE R SIRRGEIEIAKIE MR AL T BRI RE L B A X A2 R R SR H
AR RS MK ERE EFERS. BRTRGERE RN EORP KRk QAR R, R X
FEAERVRA , UK PR BB SRR /K L2 BB T B VOB O 2 o ALK T RGE 5 B AR X P AL X
R AR — U)o 2V RGN % IR I P AT BOVE R 7 A AN RUETT R BT —
VIRV E . R, 9 T KBTI AR B A A5 MR VE VR PR B S M IR 5 R e A
L W EE S R T 404«

SRR [ SR X A 7 M R S VI BFSE, 42t R L [ SR X 2 75 e R L R W 3D i
().,
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Fig. 1 The system energy diagram of Wuyishan Natural Reserve

XPERERIL A RO XA SR R L B R MR R AT 00T (3R 2) , R T 3R 1L A AR AR I AR Sk T R 48
EERRBEEBA = HE0

*2 KRLBARPXGEERELSE
Table 2 Emergy evaluation of Wuyishan Natural Reserve

51 H g IR B K
Items Original data(J or $ ) (sej/Unit) Solar emergy ( sej)
W R PR A Renewable resource

A FAY% Sunlight 5.14 x10'® 1 5.14 x10'®
T 7K #BE Rain , geopotential 1.31 x10% 8888 1.16 x10*
T 7K4k2~fE Rain, chemical 2.09 x10% 15423 3.23 x10Y
JAfE Wind , kinetic 3.80 x 10 623 2.36 x10'®
/N Total 3.23 x10Y
257 13t Economic feedback

X 4% Community life

B, Electricity 0.38 x10% 1.59 x 106 0.6 x10'®
A# Timber 6.38 x 102 3.49 x10* 2.23 x10%
H A Foodstuff 2.58 x 10" 3.59 x10* 9.26 x 10
P Meat 5.04 x10%° 1.70 x 107 8.56 x10"7
I total 1.57 x10'®
B Gov. budget 1.14 x10° 2.5 x10% 2.85x10%®
234 7 Economic productivity 1.07 x 108 2.5 x10" 2.67 x10'®
H: Tl Ecotourism 2.11 x10° 2.5 x10"2 5.27 x10%®
B (LB R R) Total 1.08 x 10
i Yield

7= 25 Products returns 3.70 x 10° 2.5x10%2 9.25 %10
A AW ES Ecotourism returns 2.48 x 10° 2.5 %10 6.20 x 108
SERRAS R RBAE T 154 x101°
Actual emergy yield for exchange ’
ARSTHRAELE h (WTP) 9.31 x107 2.5 x10"2 2.33 x10%®

Emergy yield not for exchange (' $ )
F P BRI B B L AR AR X A5 B R B L, REE B e R T BB IE S 2% kU7 %®) Data cited from the administration bureau of

[7,8,22]

Wuyishan Natural Reserve and corresponding literature
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MRIER 2 xR I AR XA SR R GEAREE T AT, W I T AR R SRR ERRMER (A

x3),

*3 HRUBARPREESTIER

Table 3 Emergy indices of Wuyishan Natural Reserve

BEME 454 Emergy index #2153 Expression $0{E Value R X Meaning
BEME i & Emergy flow
W] B Y YR RE (A i & Renewable emergy flow R 3.23 x 10" sej ARG HA K E IR energy of the system
i ABE(H Emergy inflows 1 1.24 x 10" sej B AYEUR B4 & resources and commodities
R s

Z G AEAE 0 FH A Total system emergy use U=R+N+I 4.47 x 10" sej ﬁ%ﬁ%%ﬁﬁﬁmﬁmﬂw%’ﬁﬁg}

the real amount of energy in the sysytem

=

Szlrdg H RBfE D Actual emergy outflows 0 1.54 x 10" sej it VEOR. P i M’E’ .

resource and commodities outflows

1 2) WTP i
}Eﬁ-’fﬁﬁﬁﬁﬁ s A T 0 * 1.77 x 10" sej i YR YR R PRI resources outflows
( Including WTP)
H AR RS IEM $545 Nature subsystem
BEE X Y% % Emergy investment ratio I/(R+N) 0.383 B RN 255 1% Bl 3% J1 Economic capacity
BB K s -~ HIFE| AR
Renewable resources inflows ’ environment potential capacity
| 35 R %

464 2% Environmental Loading ratio (U-R)/R 0.383 HBT QNIRRT

physical environmental capacity
X R G IEHTEFR community subsystem

HEE KT R AR

16
AR L Emergy per person usp 2.80 x10™ sei/ A life standards and quality
U/ ( LimER)

BEMEZE Emergy density

ZBF ARG TEN 545 Economic subsystem

U/( acreage)

7.30 x 10 sej/m?

PN REIESE L BE RIS B emergy intensity

¥ REE = Hi# Net emergy yield radio (I+R+N)/1 3.60 PEM =L 25584 25 industry economic returns

. . TEYY X S0 38 3 A5 28 A 35 (A& A B IE)
RE{HCH% Emergy exchange ratio o 0805 exchange returns and losses( excluding WTP)

" . N AP W R R A 25 (& AR
HLA B ACHAY deal emergy exchange ratio V7 0x 0.70 exchange returns and losses( including WTP)
A TR 225 BEfEAE AT Ecotourism economy
A A5 BEE LL Ecotourism emergy ratio T/U 0.118 J AR ST & JE TR BE Ecotourism development
A A0 BE(E ™ Hi % Ecotourism yield ratio (T+R+N) /T 7.12 1¥mﬁﬁﬁftﬂk§éﬁﬁi§
tourism industry economic returns
LA REMETEMEH7 Synthesizing emergy index
HRBME ™

" (EYR)/(ELR) o

W FS L A3 A o 1 HIBR G T H5 2 R R

Emergy sustainable indices sustainable development

Net Emergy yield ratio/
environmental load ratio

FHARSE IR, GNP %5 2006 45 = H RAE ™ M8, R: ATEHEURARYR, N: A EHEHER,P. REBAD,L WA BREME,T:
HESHRIFREME B L) i B E AR AT R, 2) i B A AR, 3) < BB AR AR ,4) B B R AT IR

the formula in this form refered to literature!”) , GDP is the figure of year 2006; R: renewable energy source; N: non-renewable energy resource;

P: population of the system; I: total emergy inflows; T: ecotourism emergy inflows:1) emergy outflow excluding payment will; 2) emergy outflow with

payment will; 3) emergy exchange ratio without payment will; 4) emergy exchange ratio with payment will

W RFR AR XA SR RS R I A5 H A A 2 R G RIS P EARXT EL 77 X (ke 4 B
) MR I AR X AR R G B RIS B AR AL XA TR K AR IR A SR SL AT TR A
Fﬂi@o
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3.2.1 BRVRGREESHT

M 4 s, BRI B AR X ABIRIE R L RRER TN 0.383 B E TREESETTREM 0.20,
T VEASIR A Wi A SRR IF BT RGEH 0. 56, AR TER TR ATETFRGEM 1.70; HIF G 83 h
0.383, iImX FREEDAETTREN 13. 21 KT WEAMA MiAESLIIRFL T REN 0. 75 K TFERTK
WABET RGN 1.80, LI EEARATLIE B, HETERE L B ARMRY XA SR IE R G BB E R IR
BRGBAR, X R RGEA RIS RIEA M TR R, B RGN IRTE B, BRI LR
1o [RIET, BRI B ARG XA AR R G 1 AT B3 IR F A3 0. 713, 53X BB R G K &R 734 A RBIELR B
FRIEH IR ARRE, LR RFIABE K

*4 HHMHMERMOHRERLE
Table 4 Comparisons of the study results between Wuyishan Natural Reserve and other regions

T PASIRA Al

® A A1)
; o AL TR
HLESLT ARG ongcheng , yueshi £EYF AR (2005)
ik gD eI 2B R G5(2004) é i . & ’}1, cal Chonggingshiagro- A 5% (2006)
Emergy index Fujian eco-economic HAngYl ecologle ecological agro- This study
agricultural tourist . .
system (2004) economic system ecological economic
(20 04;, system(2005)
% knergy investment ratio . . . .
BEME LY Energy i i 0.20 0.56 1.70 0.383
3511 2 F environmental load ratio 13.21 0.75 1.80 0.383
AFJREME & Emergy per person( sej) 5.75 x 10" - - 2.80 x 10 sej/ A
AEE 25 B Energy density( sej/m?) 16.62 x 10! - - 7.30 x 10" sej/m?
BB H %R Net Energy yield ratio 6.12 2.79 5.31 3.60
TSR R R 3.72 2.04 9.39

Emergy index for sustainable development 0. 46
—: GIFHSCER AP EA BB REfE45F5  Indicates no indices of this type be found in literatures

3.2.2 #HXWRGREMESHT

F 4 PRIR B, RFEW ARG X AR REREMERE R 7. 31 x 10" sej/m” R TAREE 1 16. 62 x
10" sej/m” ;T ASTREME R 7 2. 80 x 10™° sej, B FARAEE HI A 5.75 x 10Psej, RAFREILHREP R ZTF
BITREERAEEEARAHEL, AR NEREERERNTE TEEEANEAE, XEEERNRHEL
H AR X SR B SRR SR B TORL BRI 22 , T2 BF IR RBIE B
3.2.3 ZFWARSEEEEST

BN LU R X A BRI 2R B R G BB A7 RO 3. 60, S 85 T PU A3 H MR SR iR W 255 &
Gii2.79 AR T ERTH R A SR 3. 67, AR TAREA 6. 12, XU L ARG K AERRIEE T
REGARIE—E AT REEAE AR, BT A 7 SR 77 S BB B, B R G A PR o

ABFFEHEAT REME /AT 2 KB B, 43 315K R e 3 e R M 1 1 (O35 S A ) B A8 R
R (RIS SRR M o B, 1 3R 1L A R X AR 2SR R SE REME SR K 0. 805.,0. 70,
MRS FT 1, 2E AN J N X A S el AR Ge R IR I AR 45 B SR AR e, BRI 1L AR X AR IR I R S
BEAR AT He TR 0 5 T % e AR S, ELRBMEACHe R AR . 0T 1L SRR 3P IX AR 2SR R 45 I R 8 0
REME A He R0 B AR 45 SR IR S YT UL 5 1) R MR v T T 3 0 TR IR ) BB, W 52 g S35 7% o5 375 15 i
(B5235 2% HRF I ARG K NESTER 5 Pk KRR R IR ARBOF A S 25 . BR, SokE
AT R A R B — N E KR, F, BT EERE SRR S, RFEIL ARG X
D B RA YR VR i o S AL G, B 152 X P 8 B VR U LT , 38 5 A TS BRI IO B SO BB %,
TP 5 He ZS AW S B0 7l 3 SR U BB A 25 , 4R 8 R GEAE AR XM R SE B R G AT 454 K R i —
B,
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3.2.4 AEDIRIEETREE ST

AR =L R R FE L BRI X AHT R =L, R RAUER X NG LT &R, B W ARG A R4t
RIBRRE, REL AR R AESKIFEES R RN 7. 12,5 TREGEME™HE3.60, xiEHRELA
R R AR TS TRE BTN LIS . BZESE L (BAT SR T) WiE , 420K i
A THEREMAS S B BT B R RER, R T L eSS, T LR B A SR B TiRR
REZFRRE . R, R AR A IR UFREE LL AN 0. 118, REER AR /D, S35 i ) BE R4, HoA:

REL BRI XAESKFERG AR L RISE N 9.39, R THREAN 0.46, EAREILAR
TP X AESIRIERSE B R AKX AT R BT, RE L BRI X ABKFERE AT RS R RREERR, 5 .
S0 X KB R
3.2.5 KR BARY R ADRIERRENY

(HREBILAREPRAESREREFERG AR EFREER, BRAGEREES, BEXERE
TEACERBAR, L X R RIKA K Z R BEFGAR . IIRAESRIFL T RBERA IR [HE L B RRE, TR
Bk X & R N 3 e A IR R AL X R R A E K

(2) REWL BRI R AR REERE™ BB R, REA = BERE;  7=& (FIR) fBEsc k%
B, LBR TR £, BAT, AMMEERRREL B R X B RIFERIEEE R TR T
W57 %5 W, A A BARIP R AT, Br AA S BOR R 1L B AR XA Bk I R G RB ™ R H .
B2, AR B R H 2= H AZNREE IR A5 AR KRIE—S Mg, AZH S RZ i R 3]
R ALY X B SR TR ™= & 1 B LS = T 58 AR R RBAE, X B AR IR R B &3 98, [Rl B
Xt B L B AR PR I X A S i 2R G SR AR I AR 5 O TR sR Mtk Aok iR 2 . Rk, IRER 1L B AR ORI X AR AR
AT & B AR UE RE B L R, 32 R A S Ui R G 9 A =38R, AT RRAIG B SR VR = S BB ME 2 28 3R, X R R
Ly B SRR DX A A ik e S B T R R R AR A R s
4 ZiE

A SO RFE L B REY XA R S, 12 FRBEHIS X HOR L HEAT 4047 , 12 8 A A AR 25 ik Ui
R JRIVR B s

REAE T AR M AR & 1 B AR EABL, & U RE Rl N ST BRI E AR RS
(EBRG) BT NI SETHARR (T TSN E) MFERE RN, BE—L B SRR X AR
ARG RGE S, A A EHAME, FEEaEHIEFERANME, EERARTREATHMEREER .. 55
I RBAE T 7 A BB S BB VR (7= ) AR 7= A2 Hh T THRE A K PR AE , AR BE R IR S A 28 R A 1R BE M BT R
F TR (ZABIR) , XA K RERE (=) A B IrEEN — e R R, H A
W RS GERE (=) MABEZ 255 . B, AP o BB T 5 XM EIR ARG & AR ER A B W
REGIR (=) AR M ENA RS REIER B, In_E BB HT BT IR B A B2 U8 (7= &) 7= AR i A2 BT TH AR Y
KBHAE, B AT LASERE AR Bl R G 0208 (7= 5 ) OUHE, B BB 3SR IR BB EZ 25 3 . FFAEILILRE 138
T AR RB(E S RS
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