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Abstract ; Properly evaluating the beach wetland ecological services value will contribute to the awareness of beach wetland
protection for people, and provide basis for the planning of beach wetland reclamation ecological compensation criterion. The
scientific nature of traditional classification calculation method of ecological services value is disputing, and the common
CVM data handling techniques have some limits on the recognition of investigation results analysis. This research establishes
a fuzzy evaluation model for beach wetland ecological services value based on CVM method. The prices “cheap”,
“moderate” and “expensive” are three fuzzy subsets for specific domains of discourse. This paper highlights the comparison
of different membership grades for different prices on different fuzzy subsets, establishes a traditional fuzzy statistical model,
weighted fuzzy statistical model and three-phase model according to non-uniform discrete membership grades, weighted
discrete membership grades and successive membership grades based on the interval data of CVM, and evaluates the annual
ecological services value per unit area of Hangzhou Bay National Wetland Park. The results showed that; the unit prices
obtained through 3 methods are 10.28 Yuan/m’, 10.38 Yuan/m” and 9.76 Yuan/m’, which have high uniform degree and
similar with domestic beach wetland values. The interval of moderate price for wetland ecological services is [ 5.46,15.33]

which is obtained when dividing the model through three phases and the subordinate function values of each “moderate”
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price in the moderate price interval are higher than the subordinate function values of “cheap” and * expensive”.
Innovations of this study are as follows. First, the innovation value is the rationality of fuzzy mathematical model analyzed
through the conceptual “fuzziness” of “ecological value”, and find the representative price from the maximal onset
principle of membership grade, which is different with the data central tendency principle of traditional CVM data
processing; second, the “rughy” type weighted statistical model established can overcome the irrationality of the uniform
weighting to interval data of the traditional fuzzy statistical model, and the results of smoothness and degree of fitting on the
membership function are better than the traditional model; third, three-phase model fits the membership functions for three
subsets which could compare the membership grades difference of different fuzzy subsets with same prices. The established

model is reference significance for the evaluation of ecological resources value based on CVM.

Key Words: beach wetland; ecosystem service value; CVM; fuzzy evaluation model
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Table 1 Model 1 and model 2 relative frequency calculation

e i WO 1) ARP (B 1) B 2) HIXP (B8 2)
Serial number Grouping Frequency ( Model ) Relative frequency(Model) Frequency ( Mode2) Relative frequency( Mode2)

1 0.5—1.5 0 0 0 0

2 1.5—2.5 41 0.080 8.2 0.016
3 2.5—3.5 90 0.175 20 0.039
4 3.5—4.5 147 0.287 42.6 0.083
5 4.5—55 249 0.485 86.6 0.169
6 5.5—6.5 339 0.661 142.4 0.278
7 6.5—7.5 403 0.786 221.2 0.431
8 7.5—8.5 450 0.877 292.6 0.570
9 8.5—9.5 485 0.945 343.8 0.670
10 9.5—10.5 482 0.940 365.6 0.713
11 10.5—11.5 454 0.885 355.4 0.693
12 11.5—12.5 427 0.832 318.8 0.621
13 12.5—13.5 394 0.768 260.2 0.507
14 13.5—14.5 347 0.676 197 0.384
15 14.5—15.5 282 0.550 137 0.267
16 15.5—16.5 222 0.433 90 0.175
17 16.5—17.5 169 0.329 56.4 0.110
18 17.5—18.5 112 0.218 31 0.060
19 18.5—19.5 73 0.142 14.8 0.029
20 19.5—20.5 37 0.072 7.4 0.014

IR, AT S AR R 0 g AR bR i 7 1, 20 A = T R Ak SRR BRI A, () MR A TE 4 M)
Geit S Jm oA L BAT B WA RS /AR (1)
= LTS O A ARt SRR IR N AR i A SR 10

BRI RARIFATER =R DGRIEEN g 00 AT
B =axe |, AFRRAE ACx,,y,) BlZmshg £ 0 = -
a@EE%Wﬂnmwﬂ,,\rs:m% REHKI [1, £ o3
207 FHIEAH R y, 763 PR KA AR 5 o5
fi, B PR g 02
0.1
miny(a,u,0) = Z(a . *Mzbf;)z -y)? 1234567 E’réggcil/;wlmsmnlxwzo
PEERNER 2, Wh Al 005 R B EH SO H1 R AMAEESE

10.28 y R—Square :E%‘ 1 RMSE :J% VT 0 f J\ ﬁi%iﬁ(ﬁ} Fig.1 Relative frequency histogram of model 1
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Table 2 Parameters and goodness of fitting

N i e 1y e " TR .
WIR7S Lt SRR ¥IfE bRz RV ITH i AL Ad'uid Y5 iR
Method a u o SSE R-Square Juste RMSE
R-Square
BB 1 Model 1 0.9618 10.28 4.3370 0.0448 0.9777 0.975 0.05135
R 2 Model 2 0.7178 10.38 3.2505 0.003395 0.9973 0.997 0.01413

s u, o SERVESRIE B R =28 SSE R A B FIEUGBE 1R 22 BO-F- 05 R BT O, B TR A3 U s R- square B4t T35 78
AR AR AT THT A AR (R T 1 DEWIREALALG AT, Adjusted R-square SETRHESE 1 1 A R- square , (R | SRR TE &, EE W 2
it 405 B Y B AR AR s RMSE $8 07 il e 22 (EHE1E 0 RIS &
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43T AL 1,0.8.0.6.0.4.0.2, XF T — B X EHE [a,b] FRITEE » , x FIE o(x) 1T

1 2b+3a)/5 <x< (2a +3b)/5
0.8 (3b +7a) /10 < x < (2b + 3a) /5
w(x)=40.6 (b+4a)/5 <x < (3b+ 7a) /10
0.4 9a +b6)/10 <x < (b+4a)/5

0.2 a <x < (9a +0b) /10

, 2a +3b)/5 <x< (3a+7b)/10
, Ba+7b)/10 < x < (a+4b)/5
, a+4b)/5 <x< (9 +a)/10
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Jr N EE 2, /] 0 S B e oy o WA HTAE 0.7} -
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S © o o o 9o
L S B VS B N, B o)

0
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1 R LT o
2.3 CAHEML
AR 1 38 AR AR B S 2 REENARETE
%‘ﬁi{ﬂ i E l%lﬁ , $ i T , %ﬁ L:Lt ﬁ‘ X#?Ek Hh ﬁz ?S 'ﬁl\ ﬁ ?{3\ 'L'lj Fig.2 Relative frequency histogram of model 2
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Table 3 Comparison of model 1 and model 2 membership

& Price( J6/m?) 1 2 3 4 5 6 7 8 9 10
CEAN

RIEE(E ) 0.097 0.155 0.235 0.337 0.458 0.591 0.723 0.838 0.921 0.960

Membership ( Modell )

SR Jm BE (BERL 2)

Membership( Model2) 0.011 0.026 0.054 0.105 0.182 0.290 0.418 0.549 0.656 0.713

4% Price 11 12 13 14 15 16 17 18 19 20
> |f1 B3 w’;ﬂ_J
R E()r% D 0.949 0.889 0.790 0.666 0.532 0.403 0.290 0.197 0.127 0.078
Membership ( Modell )
SR B (B 2)

. .634 .51 ) .261 .161 . .04 021 .
Membership( Model2) 0.705 0.63 0.519 0.386 0.26 0.16 0.090 0.046 0.0 0.009

2.3.2 PR E MR AR AR 55 SR JE pR AR
B2 FRIE 0 i B A S RISl X, B — R I B AR — U £ X > Ry, Ry=1{ A, =fHH, A, =i%_EP
A =B Bt B € MRS P B A, R R A SR A S WA OB S A A R 1 U R —
RN53 BN X BRI 305 — X EL (6,m) o RZVH0E (€,m) ,WHIE T I, bxﬂi*m%@%ﬁmt,ﬂﬂz/\
T@iﬂ EHR IS B
P T 3 R R S 5 4 DX TR B AIL X ], AT & AT S REALAE & B0 (&,m) B et
Siem :U— 1A A, A}
IR (&,m) WL p(E<m) =1
A (x) x < ¢
fen(x) =34,(x) & <a<n
As(x) n<x
TR iR A5 RSORM B (4 SR SR R, SR A, SRR BB, () o
FE—IER ANy < Ho <, a RIBTHEMEA, . 75 n WG, o XA, (R E IR LS
TF(x S €, x <) REMER MDA, BFRBRE: 1, (1) =P(x < éx <)
B (€,m) WK HELRECN f(€,m) RN p(¢ < m) = 1,B4

My () = ﬂf(u v)dudv = ﬂf(u v)dudv + ff(u v) dudv

u=Zx,0=zx X susv

= ﬂf(u,v)dudeJx fu f(u,v)dvduZL f_wf(u,v)dvdu

Zf:wfg(u)du
A AR A, BOSFE R By ()
TE—KAET Y HM Y x > EHae >y, o BT Ay, 760 KB, 2 X A, FFBFRGE FIF(x >
E,x > m ) RAERIR NS Ay RSB KB u, (x) = P(x > E,x > 1) o
BE(E,m) BEREEE REOh f(&,m) FIRHHL p(& < m) = 1,84
My, (x) = ﬂ flu,v)dudv = ﬂf(u,v)dudv + ﬂf(u,v)dudv

u<x,v<x usSv<x v<u<x

= ﬂ fu,v)dudv = r_wf)_wf(u,v)dudv = Jiwfi:f(u,v)dudv =fiwfn(v)dv

233 WUEE, n %ﬁ&ﬂﬁﬁ%ﬁ
XFF it A AR 2B , /T DURI I Ge it 7 ik 30k H AR A 437
i F MATLAB " 25 T 24, KB & 3T RUIR A 15 301 o3 A sl 35 S AR R 40 A, MR € 1R A 2% 2% 15 1R
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Table 4 Comparison of fitting results and goodness of fit

£ a u o SSE R-square  Adjusted R-square RMSE
R4 Gaussian distribution 0.1742 5.46 2.4409  0.002922  0.8646 0.8195 0.002207
£ a b SSE R-square  Adjusted R-square RMSE
WA R 534 Weibull distribution 0.00621 2.749 0.003314  0.8465 0.8245 0.02176
n a u o SSE R-square  Adjusted R-square RMSE
#3973 7 Gaussian distribution 0.1142 15.33 4.097  0.0001861  0.9779 0.9411 0.006717
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Table 5 Comparison between this study and some domestic & overseas studies
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) A
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B T AR

Unit area value/

seashore wetland is (Jtm2al)
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Kim J,2017!1¢) A HE RN WTP, 1.5 W% — 4 10.23
SYEZ 2009028 JET] A SRS (B WTA, )R 9.60
AL 2011018 T B USRI ARG A A WTA, ZfFR 3.18
¥ e 201101 T T 30 DX X AR S5 M E R B WTA, ZfTF 6.52
2Hk, 201782 K it A M55 M EBUR B Wi FE DC 2.39
F 4, 2017 (ARSCEER) AL S ] R 30 b 2 el AR50 E WTA, AR B 5.46-15.33

ASCHIBIFHEAET , 165G, AR AN SRS I (E 0 ZEPPAS EARANE 52 38 R A W 00 T, 20 b 17
“AZSHE SR B BORIME S | BSOSO SRR ) B B LUK, S TR GO G TSR o0 X ) 4l
oY TR AN G B SR AOREER” SRR S AU SE A5 Y 235 SR A SR s 88 ek i e i PE AL 5 L
U TSRO SE T PR R 25 0 5 35 =, MR 0 B A 005 = ROR 4 SR T B2 pR B A Rl L, 25 10 1l
AR AT RIS A R T A 2T BE AR s B AR AL T, AR SCR 5 1 A E St m] DL i —
ARV B — S AE AN 1O H RS T B il f 8 57 iR/ N2 5

ARBFAFAE—LEAR L Z AL T ZIR 4 TAERADETE . 1 TS G TR R RO I £ P9 7 i i B 3
It X — RO AT W R B, BT ATRAT T 32 U5 SCARRE FE ML T — 7 BRI — 8 AR L L2 Wi A
AR, SRS, CVM IR (R R 45 5 1 s BT BRI ZS B M L X b i i— 5 B0 B i 22, AN ad FRA11 2
% T BB AT R RO FE PN MR 0t B A (ELIE S R R A TE 2% i 22 , I AR SCRE ST A RN T
T CVM LM A S BT M E AL BA R 3R

2% 3L ik ( References) :

[1]

[ 2] SRR A SRR b E R A A SO A VLT, 2014,6(6) :23-27.

[3] R KWE, #EE, PSS SRS R GRS BN TR R RS S4R], 2016, 36(23) : 7509-7518.

[ 4] Lovett A, Bateman I. Economic analysis of environmental preferences: progress and prospects. Computers, Environment and Urban Systems, 2001,

25(2): 131-139.

Daily G C. Nature's Services: Societal Dependence on Natural Ecosystems. Washington DC; Island Press, 1997.

[ 5] Bateman 1], Langford I H, Jones A P, Kerr G N. Bound and path effects in double and triple bounded dichotomous choice contingent valuation.
Resource and Energy Economics, 2001, 23(3) ; 191-213.
1 skakER B R, BERR. A ETAT R R RS R A, IR 2EBER 2003, 18(3) : 454-463.
] EAR, BhEE. SRR A S RGR S IR LI A A SR, 2005, 25(3) : 404-407.
] RPN R A TMERES RGNS M ERFT. N A, 2006, 17(5) : 878-882.
[ 9] & BB, KIS, S0H. 72 Bl (D) WA S RIS BUE ST M AL TN PEAY. A543k, 2010, 30(21) : 5914-5924.
1 ZEBE T O M S B AR S R GRS PR Y BRI PEA —— LA T R AR 2824, 2012, 32(18) : 5825-5835.
1 T, AR, WIRKEK, B, BUNTE E SN R M 2SR GRS N (A MR 2016, 14(5) : 677-686.
] ERA BRI RER B A IS MR AL T BE (B AR A 1 (2 S AN AN (B A ARBEIR AR, 2017, 32(5) « 742-754.

http ; //www.ecologica.cn



10 GO O 38 &
[13] Costanza R, d’ Arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O’ Neill R V, Paruelo J, Raskin R G, Sutton P,

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[34]
[35]
[36]
[37]

van den Belt M. The value of the world’s ecosystem services and natural capital. Nature, 1997, 387(6630) : 253-260.

Prayaga P, Rolfe J, Stoeckl N. The value of recreational fishing in the Great Barrier Reef, Australia: a pooled revealed preference and contingent
behaviour model. Marine Policy, 2010, 34(2) . 244-251.

Engle V D. Estimating the provision of ecosystem services by Gulf of Mexico coastal wetlands. Wetlands, 2011, 31(1) . 179-193.

Kim J, Lim S'Y, Yoo S H. Public willingness to pay for restoring destroyed tidal flats and utilizing them as ecological resources in Korea. Ocean &
Coastal Management, 2017, 142; 143-149.

Ndebele T, Forgie V. Estimating the economic benefits of a wetland restoration programme in New Zealand: a contingent valuation approach.
Economic Analysis and Policy, 2017, 55; 75-89.

AXAEAE PRASE IR, AL T CVM A Nt A 2R B R SR 5T —— LA 3% o W I R T X 91V VE R RL 2, 2011, 30(6)
872-876.

AL WA B AR, T DRAR. RO U 1) 2R A5 RS A (100 2R PP A —— LUV 548 W0 S8 ARy 1) R VT 9T IR 5 PR 858, 2011, 20
(10): 1248-1254.

ZAHY, BN BOCHE. T XA R 2 CVM R L BB R Mk P A BAME R RIS, A S AR 2R, 2017, 33(5) .
396-402.

Hanemann M, Kanninen B. The statistical analysis of discrete-response CV data//Bateman 1 J, Willis K G, eds. Valuing Environmental
Preferences: Theory and Practice of the Contingent Valuation Method in the US, EU, and Developing Countries. New York: Oxford University
Press, 1999, 302-441.

KT, 552 e A A AP AT L6 M BB (——C VM 5 ik AR IE 5 Hee . 26 BF b3, 2010, 30(7) : 1205- 1211.

Mcdonough S , Gallardo W , Berg H , Trai NV, Yen N Q . Wetland ecosystem service values and shrimp aquaculture relationships in Can Gio,
Vietnam. Ecological Indicators,2014,46(6), 201-213.

TRACRE, T 56 T VG B 32 Ml i DX A A5 A 2 S5 A0 U BUR S S A IS
(06) :42-45.

BRI, PE 2, 254, THRCUR, IV, SR, HLIRIR M A 35 R TR S5 M (B4 A 25241, 2016,36 (03 ) :828-836.

FAf R, WRR IR, BV ARARAE JET CVM IR IR (R IX A 25 R S S AR AERR IR S5 O (T A 452741, 2016,36 (1) :3321-3328.
TWEIR B, BHEE, AL, AR FE TR M 125 1) = V1 It A 25 PR 1 He e o AR 25241, 2017,28(02) :500- 508.

RAEE, AT ST MERR I E RIS, SRR 285, 2009, 27(2) : 9-11.

EFTEC. Valuing Preferences for Changes in Water Abstraction from the River Ouse, Report to Yorkshire Water Services Ltd. Bradford, 1998.

VAP PEAEL RIS 2855 X = IX B 1)) P 282 B 2741, 2015, 28

Hammitt J K, Graham J D. Willingness to pay for health protection; inadequate sensitivity to probability? Journal of Risk and Uncertainty, 1999,
18(1) ; 33-62.

SRARER, A I R R, U5 B R B R X AR S R GRS K 1 SR AN (B IPAL . AR AS A, 2002, 22(6) « 885-893.

BRI R, P S AN PPN 1A 0 S T S B —— e ik SR AESAER, 2011, 31(10) ; 2915-2923.

National Oceanic and Atmospheric Administration. Report of the NOAA panel on contingent valuation. Federal Register, 1993, 58 (10) .
4601-4614.

PRI SR ORI B i BN . BRI, A R A i, 2014,

X ANFT B R RS (38 = ) e et SR ECE i, 2008.

SR BRI, S R —Fh B R BORNGE T vk AR R AN Tl 24 B2 i . A ARFHEML, 2004, 18(4) : 58-61.

T UL 2R T R G2 SRORIZE 5 PE A IWARELSE, 2006, 19(2) « 18-23, 28-28.

http ; //www.ecologica.cn



