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Evaluation of preference heterogeneity of ecosystem services in the Sanjiang Plain

Wetlands based on choice experiments
MAO Biqi, AO Changlin®, JIAO Yang, GAO Qin, LIU Yuxing

Department of Management Science and Engineering, Northeast Agricultural University, Harbin 150030, China

Abstract: Maintenance and protection of ecosystem services are the basis for achieving sustainable development.
Quantitative assessment of the economic value of wetland ecosystem services has become one of leading topics in the field of
ecology. Choice experiments ( CE) comprise an important non-market resource value evaluation technique, which are
carried out by eliciting responses from individuals in hypothetical markets. CEs also enable researchers to measure a
respondent’ s Willingness to Accept ( WTA ) compensation or Willingness to Pay ( WTP) a premium for different
characteristics of one product, and to analyze the relative value of a combination of different attributes from various
alternatives by using econometric models. As CEs are most likely to reveal respondents’ preferences for goods or services,
such experiments have become a widespread means of ecological valuation. The purpose of this paper is to assist policy
makers in formulating efficient and sustainable wetland management policies by providing the results of a valuation study on
the Sanjiang Plain Wetlands. A CE was employed to estimate the values that changes to ecosystem service functions of the
Sanjiang Plain Wetlands could provide to the public. We estimated partial values for wetland conservation, with a focus on

wetland size, biodiversity, water conservation, and natural landscapes, among a myriad of wetland ecosystem services. A
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random parameter logit ( RPL) model was employed to evaluate the ecosystem services in monetary units, and a latent class
model (LCM) was employed to confirm and account for heterogeneity in the preferences of the public for various wetland
ecosystem service functions. Compensating surplus welfare measures were also estimated for management scenarios
representing changes in the quality and quantity of wetland ecosystem services. The results reveal that: (1) the relative
wetland ecosystem valuation results of each wetland attribute are as follows: water conservation > wetland area > biodiversity
> natural landscape. The relative contribution degree of each wetland attribute to the environment follows the same pattern.
(2) The total WTP is RMB 1.461 billion per year in order to maintain the current wetland ecosystem service functions of the
Sanjiang Plain Wetlands, and RMB 9. 858 billion per year to improve them. (3) There is considerable preference
heterogeneity across the public, which derives significant positive values from sustainable wetland management. We were
able to divide respondents into three categories : those who preferred protecting resources, those who preferred protecting the
landscape, and those who were price-sensitive. Female respondents and highly educated respondents preferred resource
conservation , while respondents with higher incomes and those who had travelled more number of times to the Sanjiang Plain
Wetlands preferred landscape protection. However, respondents with lower education and income levels were more sensitive
to costs, and preferred to choose alternatives with lower cost. These results can aid in the design of socially optimal policies

for sustainable management of wetlands and provide a theoretical basis for the development of environment-related policies.

Key Words; Sanjiang Plain Wetlands; ecosystem services; preference heterogeneity; choice experiment method; random
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Table 1 Wetland management attributes and levels used in the CE

J@E Attributes EHKF Management levels f# ¥ Definition
b A Wetland area pita AT AR 1 b T AR D

4 AP A R b T AN AR
H: Y12 BEE Biodiversity AL HUEFCEAG , Py

4 A AL L SRR

s B R IRACR , Rk 2
b3 B Hik WL FCEAL K BTs T, 7K A
Water conservation Ay Aedr AR B 7K IR A T AN AR

ies U R BOR K B KRR =
SRSV b HUEFCEAL  REBIR 1554
Natural landscape Hefy A IAERY B AR FEUAE

wE WU R 8 BRSO 38
AR b Price 0,5.,100,150,200 BRSO R
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Table 2 Sample choice set

JEME Autributes FE A Alternative A /7% B Alternative B J7Z C Alternative C

b A Wetland area YA pi e

AP ZRENE Biodiversity et g

JKIFIHFE Water conservation et pita A F B ARG W =YL RS T g
4R 5E W Natural landscape paig 3t

SRR AR Price 100 150 0
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WESESERE 0 ) P A% B M DL SRR AR 2R 5, F 2014 4F 4 % 5 R T B4 &R 4 60 4,
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JEYERE TS M IES LS, BRIZE R LR 4,
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Table 4 RPL model parameter estimation results

A Y4 ki VAL AR Y4 FrifEist VAL
Variable Coefficient  s.e. Z-value || Variable Coefficient s.e. Z-value
ASC -2.83952**  1.41093 -2.01 H AR50 Natural landscape 0.63952***  0.22875 2.80
AN Wetland area 0.89049 *** 033025 270 || AP Price -0.01077***  0.00313 -3.44
HHZREME Biodiversity 044291 023217 1.91 Log likelyhood -525.99515

JKIFIFE Water conservation 1.27701***  0.37064 345 || Pseudo-R? 0.1857459

# NTE 10%AKF- T B3, * « NIESUKFETRE, * = = NFE 1%/KFETEE; ASC. BEFERE # % Alternative specific constant

RPL AR SR B | A Y0 b S o4 203 it i 35 A 50, LA 5 0 S5 S I WU A — B, M) v B (93 s
R — MR AE S RS BRI E LR R AR RGN T AT R —JE P 3 ik 2 =
H—ME T ROk ARG R, EIR bR K IR R, A SR SO LA S A ) 2R A 4 DU L P X
BB IE B E Z VTR AR R GRS DIRE e 2 BoR BUCS B, SR s RER
1, 2 I BEPE— A HLA 5 i 1 ST PR P AR A BE R S A 8T R B, B SZASHER P 0 A A B8 N 23 AR — AN By
ZEHE TR
4.2 TR BB S ANTT

PR AR, A= 2R KRR AN A SR AT 4 THR b E MR R BRES EL K 2 U A S AT
JRYENE 232l 5t BB 508, 41 Latent GOLD Choice 5.0 B4R 32305 5 AT /0 20155 . LOCM 434 9 B B2 40
BROEMAE 80, A Sl o Fh 3 AIC  BIC S AIC3 6 30 1 R ff B 80 43 254k, LCM MY 3 245 R sk 5
B .

£S5 LCMERHHER
Table 5 LCM model classification table

J328% Number Npar Log Lik AIC(LL) BIC(LL) AIC3(LL)
1 5 -582.28 1174.57 1190.98 1179.57
2 16 -488.02 1008.05 1060.57 1024.05
3 27 -463.61 981.22 1069.95 1008.22
4 38 -450.23 976.45 1101.21 1013.29
5 38 -433.93 965.85 1126.73 1014.70

AIC: 7R{t A7 B it 1N Akaike information criterion, BIC . DUM-#i{% B i #E ] Bayesian information criterion, AIC3:AIC with a penalty factor of 3
XHEAR LEMCSCR W] 23 BB SR (DL B, kR DR R P B 9K Ll o B 15 Al 12 By 3
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TN, Ferb AIC KSRl 23 S B S T B i/, 7253 28800 3 I/ 3ok TF 22 ; BIC K {57
OYRBCN 2 W/ AR 2RBCN 3 IR AT, Bl S 28 ; ATC3 A3 fE I 76 73 2800 3 /b, 5 b
ARICKG 2578 0 9 = AR

R e ST SRR B B AR 6 P, 1E58 —J8vh K IR IR 2 de B e 1, LAl s 4
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X6 SHHBEMEERH

Table 6 The relative importance of attributes

JE M Attributes Class 1 Class 2 Class 3 || J&PE Attributes Class 1 Class 2 Class 3
R HT AL Wetland area 16.16 0.07 11.38 || 4#Z M Biodiversity 17.70 11.62 3.99
JK UG FE Water conservation 37.72 5.66 15.63 H 4K 500 Natural landscape 16.68 68.72 5.13
AR A% Price 11.74 13.93 63.87

RV SR 55309 T3 7, 834 R T 1@ P 3O 250, 55 =3 0 Al i 280, 21
FAE I = VT R0 A 25 R GO AR P [l R | ok A% AP P O - A7 A R P S B, A4 0 A5 0 48 B v 4% 10
TR AR A KN, RSO Z #5003 A ASTR T AE S ), 45 28 3 B o He 9 20 531 4 < 68.88% , 15.70% Al
15.42%

®7 LCM EENSHMITER

Table 7 LCM model parameter estimation results

Class 1 Class 2 Class 3
- B i g ST 4784 ks BRI
\zfiible Resources preferable Landscape preferable Price-sensitive
BN PRt z 18 EY 4 FRif iR 28 E 4 PR 2l

Coefficient  s.e. zvalue  Coefficient  s.e. zvalue  Coefficient  s.e. z-value
L8] Proportion 68.88% 15.70% 15.42%
A% FH R B JR MR P Utility function; wetland attributes
LT Wetland area 1.4435***  0.1937 7.4540 0.0143 0.7241 0.0198  0.9571*  0.6808 1.8057
WL REVE Biodiversity 0.7901 ***  0.1392 5.6780 1.1579*  0.6879 1.6831 -0.1677 0.4319 -0.3883
JK IR T Water conservation 1.6839***  0.2085 8.0745  -0.5641 0.9006  -0.6568 -0.6568*  0.5006 -1.6721
F1 98 5 Natural landscape 0.7445***  0.1647 4.5197 6.8436"*  2.8883 23711 0.2154 0.4241 0.5079
SAHRAP A Price -0.0052***  0.0017 -3.1680 -0.0695*  0.0086 1.7054  -0.0268***  0.0071 -3.7783
I3 TR R PR . T WA 2 5B JB P Class membership function; respondents’ socio-economic characteristics
Intercept 0.3132  0.8210  0.3815  -1.9658  1.1818  -1.6634  1.6526 1.0333 1.5994
P51 Sex 0.4423*  0.2572 1.7195 0.0212  0.3584 0.0591  -0.4634 0.3382 -1.3705
AW Age -0.1321 0.1348  -0.9800 0.0013  0.1935 0.0065  0.1309 0.1647 0.7945
H# Education 0.2581**  0.1298 1.9886 0.1612  0.1791 0.9002 -0.4192**  0.1669 -2.5117
A Income -0.0550  0.0922  -0.5968 0.3148*** 0.1199 2.6261  -0.2597** 0.1253 -2.0734
RWFREL Times -0.0633 0.1125  -0.5626 0.1569*  0.1424 1.7019  -0.0936 0.1507 -0.6239

s NTE 10%/KFF B3, « « NFES%KFE T BE, « = =« NFE 1%KF T B#E

B —MVRTESEN A IR AR A R AR SRR R T 4 VR R M RO R B3, IS R B,
NPERN R Z 2B KX Z 058 8 T8 — MR A B, obEsz v i s i R M s Y
B KA ARAE Z 058 T A A XS e A A A KR IR S R IR T AR A B, AR N )
A5 AR G B XTI SRR b T R K R 30 2 1 U R B 13, RIS AT AR 8 85 LT B8 A 5 il 5
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N IR B 53 2 1 IR R B 25 R O, R WS A KT R Ve U B B e 38 0 17 32 U5 5 8 T35 28 e
B2 s A IR i 22 YR 1) 52 173 EL A8 BH S i3 T LA 24 3R BRI KO i3 R I R B 2 19 32 i B AR - T
TR AR B LR  =ANTRAE S AR U | X T A A W R MR [ SR UL R R BOR
2 TS A A B8O F B 25 o B, SR BT D S A BEIG IS 32 17 35 R B 7K IR M DR 4 22 1Y
FIREME , S VT F AR SO B 528 FE R 2 A A% 5 [RII 3 28l B RECR R Z B H KR AR 5 32 U5
R T A = 2R i 2 TR DG, BV 32 15 5 808 P A K SRR, 8 T4 = 2R AR
4.3 JEHENEZA

% 8 B BR WTP o] LI H 2 AT 1 i 45 J00 45 B T8 4 1o o R 58 M v MR AR W S A DL i 7%, 18 b TG
B A ZRE PR RN F AR SO, 145 S 5 k3R 7 rp [ P Bl o A 25 R e MR 55 D RE AN (P4 v A5 8 A9 2
EHEFAHST . RPL AR AL 28 Okt b 0 b /K U5 I 75 1 -8 S AW B 118.57 J6/a, 14 i 1 FR A °F- 1
TATEIE N 82.68 TU/a, X el AL M) 2R S AR SOV -3 SOAS B EAR X D 43 3Dk 41.12 J6/a 1 59.
38 J0/a, KIRTAFEZ T A A A R i, LR R AT e & =V R R R EE ALK E KA FpE )
12, R E KB B AR e e S T TR AR T DAAS B S AR 2 S, LR AT RE S AT
AR TR U NERUNEIE I T S S

=8 IRHEEHIAER WTP

Table 8 The marginal WTP of wetland attributes
WETEAT MY Latent class model

FEHLB AL logit B

Eﬁ Random parameter , fllass ! . Class 2 . Class 3 .

Attributes logit model {y"-f‘/ﬁﬁ'ﬁﬁ?lﬂ SV Y ﬁi‘%@(@ﬂ
Resources preferable Landscape preferable Price-sensitive

1 tth AN Wetland area 82.68 275.44 0.206 35.65

W ZHEE Biodiversity 41.12 150.77 16.69 -6.25

JKUFIHFT Water conservation 118.57 321.32 -8.13 -24.46

H %% 5 W Natural landscape 59.38 142.06 98.69 8.02

ARAE RPL ASEAIA LOM BRS80S D7 B (11) AR AT XA IR 07 S O AMETRIAY (L, Al 45 SR ik 9
FioR

x99 IMERIRME

Table 9 Compensating surplus for each scenario

55 eIy Rit) VIR Latent class model

Scenarios Random Parameter Logit model Class 1 U5 i i 70 Class 2 e W 170 Class 3 & fgUR R
235 Maintain 38.11 259.38 78.93 74.65

3% Improve 257.18 878.35 185.95 51.92

HIMEETR A3 U Bt 2 V0 i A 25 R G IR 55 D) RE A EACE 39I0 , 3X 5 Birol 261 R ST 2518 AH— 5., 1 RPL 45
RS2 58 SRR S T R A 2 R GE IR 55 DO RE Y- X S I D 38,11 J0/a, TN B0 1 b A 25 R G IR 55
DIRe ) P4 AT B R 257.18 J0/a, MRAE(2015 FFEIRITA GEITHAELE) ,2014 R B ITA HE SN HECH
3833.0 J3 K534 S A5k a5 XN I RRAH 3 | BVAS 3] 230 H AE 25 R SR IR 55 T RE Y RS X S A R B 14,61
T8/ a , BE TR AR 2 R GRS T RE I ST A =R K 98.58 47T/ a,,

5 Z5itit

51 %5
RSO e S IRFXT — VL SRR A 25 R S IR 55 D RE B0 3 PRl 25 EAT 2 BF VY, 245 & RPL B
LCM FEFY AT 28 AT T A= 25 R B0 R 55 DO RE 4 S5 o bE , - I RO iU, 58T .
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(D) AR HLTE R, A= Py 2 FE1E K TR I R0 A SR S5OULAT 4 T0000 1l 1k 1) S A B S 3 o aE, o KR
TSR B BRSO I oK W TR A= ) A R B R S AR X AT . M3 A0 (i B 2 1 b 2E 7S
RS RS5 DIRE R B, UEBA AR =V IR B AR S B AU BB A i A S R G w] RR2 ke, ok i
KA G . VL BRAE A TR e R AR K TS T 43 A1 X, FE IR SR K IR W R 40 45 A2 28280 2% O Tl A (8
FLR 3 R FAR R R e S5 R 0 B T alas . IEAFR , =V 1 kb (%) F T X603 i 1 5 2 e UM R P il
WS TR AE S R GRS DIREN (B . PRI, 76 R K Y R ) St A4S BT AR vy | 1 Y 1 oA s g £
PPHRKIE I BT AL 2 R0 B A BT U AR S e T A [ Fsf 7 B 6 T R 8 e /K B N A ) AP B 5 T

(2) 38 S VEAE S SRR S 2 IR AZ i 5 ] 43 R 0 U5 O 2 780 55 00 Al 40 TR0 RT A A RURR TR 3 ST AR 2R, A
[ A A AR A 2 R G IR S5 D BE A AEAS [l 4, T 7R T I 4 5 Bk i p ok, S5 SRR, S AR 4t
GG RN HoAw b BAT &0, VRS2 20E K- R 32 U5 2 R A T B AR T s O A RIS =0T
S D b S DR IR B2 1) 52 Ui 23 A A T AR, [, 08 P A K ST BRAR 1) 52 77 38 X FL S AN DR 4
kA2 A A R SN, B ] T B S A R AR B AR AR M A B 2L B WA K 4 5 A K
RO TG R |, R B 22 i B RO b A S PR I R AP SO T v A A o s R A PR B I R, R
T b A 2 SO R 1Y) B A% ) B LR 5 A A A S TR, X S A R AR B AR i 5 R
52 e

(1) BSRAA L T 5 {8 ( Contingent Valuation Method ,CVM) , CE eSS T IR 6l HIPEAS 32 17 & 1)
AT R LSS R P 4T (B S CVM —#F | i FIPAE T R & 2 TR AR T 547 R, S a5 ki
R IRV R R LA B 52 7 2 %o 1) R ) L B A0 S S R PP A 5 28 . R, A L DAFERFF SR 5 AR S
HIE ST B ARG B RS A WTP B, TR 7E T Re -8 o I B84 (W) 00 1 J 1 1% i B A 68 40 531) 45 s 1k vy o
BB RN IR b A 28 R G NR S5 DB A AW AT, TR B 24— 25 i g X Al O 47 O P P9 T UL

(2) T CE #EMB B 5 82 42 AR SC H AT 215 3 At S 2 BF R AT T4, 47 560 B
SHTDR 28 P b B BRI R 28 % 32 Ui SCAS R IR B2 M), DA % () 454 B RTINS A2 15 8 BE B s i & A Je o v 7
E— 5 B0 IE FHE G ) T

(3) 1B A R GRS I RE AL i AE AR & e ) (0 B i i 2R G5 2 H 45 0 55 Dh Rk h | BERMERA
Haih iy B 04, B WA S R GRS D RE 0 BE 4] 43, DA S b 2SR R [A] | 75 2T HLAR AL A T
Worik, FTHRBELIEN AR RGNS DIREMETEO, BRUSHIARE A AR B A SR LS, A B T T f#0 T AR
700 T 8 TR e U 0 I [ TS L = W v 11 DS N a8 i Dl S o i i [ 2 =S NS G G 7
A ARER S I Y |1 E a RYNE

B B R IR T MO T BT R A AR AR R =T E R A AR AR PRy DL A%
SRR DA TR e S R R 4 Y SRR S RSB
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