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Abstract: Lake-wetlands provide humans with a diversity of ecological benefits, which are of great importance in
guaranteeing regional , national, and global ecological security. In recent decades, scientists have been testing a variety of
methodologies for incorporating ecosystem services into lake-wetland management. The main challenge is to manage lake-
wetlands in order to reduce the unwanted tradeoffs and maintain a sustainable supply of lake-wetland ecosystem services.
Based on the analysis of lake-wetland ecosystem services concept and connotation, this paper reviews the important
progresses on evaluating ecosystem services, identifying impact driving factors, and revealing trade-offs among ecosystem
services. We found that there are several constraints limiting the incorporation of ecosystem services into management and
policy design. In order to advance the ecosystem services research for lake-wetland management, we suggest that future
research should focus on: (1) strengthening ecosystem services monitoring on lake-wetland ecosystem characteristics metrics
and final ecosystem services in order to gather the necessary datasets for creating ecological production functions; (2)
developing integrated models for upscaling analysis and model applicability and accuracy; (3) establishing ecological risk
assessment and diagnostic models to identify high risk areas and high risk types, and formation conditions for the changes in
lake-wetland ecosystem services; (4) integrating ecosystem services assessment models and traditional ecological process
models, to explore the coordinated optimization roads and regulation strategies for lake-wetland ecosystem services. This

study aims to intensify and enrich the theories and methods of lake-wetland ecosystem services, and contribute to the
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advanced integration of ecosystem services into management and policy design.
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S RGN S5 2 2 R GE N A AL A8 i 1Y) B e B ] e TR, P A 2 2 R e DX I | ) % B 4 kAT i
RIEGERZAMEEREY . A 2005 FBA E K AT 448 R G T4 -5 (Millennium Ecosystem
Assessment, MA) J5 ,/ER RGNS MBS TR AR A P & e, EPr 5eE KA IR T —RIE K
B BB AT TR, WA AR S AR S R G IR 55 M (L PEAl (WAVES) 2 BRIKAE R 2020 A28 R 40 MR 551k
BB S LR G EARTTRI LE Y 2R RAE S R GRS BUR B2 BOROF- 67 45 . 2014 457 6 92t (14 4 K
HBRITR (Future Earth) 4 IGBP 52 BRARCHIETE 12 A0 1 Ji& 31| A BRAB AN A2 25 2R 5o e 55 (1 52 i, B 2
H BT RIREE (2 5F AL MBORAE T K —REIR—H & A28 Ik 55 Z 8] i AR B AR R, & B4R 5 A
ZRES RGBS Z AU C R R R A R PR S E R ™ R R E BRI i S 2 —
AR E TSRS ER AR AE R RGN S AR OCHE  AEB R GRS BB W sy B AR S R B R A
SRS U I B RV A

BEA RS RGOS WETE A BITRA RS R GRS AR R A AN B BRI HEJA W 58 38 S R BIF SR A
Wi AL GG A BRSBTS BRI AR 2 7—10%10° km?® , o 4> BR B b 4 T8
U 5% —8% , 5 HAW A RGEARAA L, WS HAE R R G & DO T HA A S R G 2R AL /K S B A
YIRS E R 7R | DR HAR A A A S R GRS N — i R B b DO T HABAE R RGE A, FZRIAE W
IKHVES RGNS ALK G IR L DK BUAE K W) 2RSSR IR SR A TE DR R R BROK RS
AR A BT PR I A A R G MR A5 SR By R A A R GRS A (R
423.2% ", WIIATRHAE S RGP E RIES RGNS M8 AR X 58 E R T) & 4Bk A2 4 i 5 2EAF
R EAEA S 2 T e & e R 30 R BRI 2= 40 n a3 B 51 T 4% [EIIBUR B 3 (0 e B DG TR 11510
o B AR A SR T BURNMIS T 8 ACHT” 912 2020 AR A S SO R EE HRZ — JFMAEZK -+ =17 N
B, AR, SRR A 25 R G e FE 2k RR R S T BRI BR 4 22 0 T AR A RR T, PR AR S R G
IR 55 TR, PPA 7 vk B RS B R 5 BOR 45 5 T R RIS RN T o A FE R R B B . EL I, v AT 1 FH 1Y
WIAE A S R G VEARHE SRR 7 iR & MELLA RO IR 95 T 1A AR S R G E R S ECR G, AU
WA A 25 R GRS S 5 NI DI R, IR 45 & 48 FROCSR M BOR B IR oK, PR Y Fisa e 2k 25 R
Gl 55 I P AFAE RO AN L X AR BIFFE Y B s 07 1 AT T IR AFIHT A I8, DUHIRACIE A2 28 R 40 Ik
S ES S 7k HESh TR A S R GRS th B E ) A B SR S5 BOR T, IR 55 T B R A A S
WA TR BT RIS 7 oK

1 EEFRHERSARE

BRGNS W5 A Hh BN &SR AR AT 4] 43S DU A B B« AR 28 R GRS ST (1997 4FHT) |
BRGNS oy IR RS 5 AT A VS PR & R B B (1997—2005 4F) | 3 24K 2/ PFA HE 4R/ PEAG 7 2
B SEE B BL(2005—2010 4F) AU BT AL R A LG X S BOR 45 G B B (2010—F4) (£ 1), L
HAAE S RGN A S R GRS TR S AR BN A 5, 2R T 2005 FFE B THAES RS E
FERME AL 552 5387, 2010 AFEHT G #E AR GFGE BT BL, 510, AR A S R G MR 55 o8 FE e
= HR AR P X I b A 2 R G R 55 11 s ) AR T VR A S R G R S5 DA B I BT AR S
R R GRS 052 W S PGSR LA D7 T, TR RLIT & B /AT A BRI 145 5 I AL TR R By
B, DPUSTIAE AR (4 K SO R A P b BR AL 24 A IR 2t A | A A5 DR o i LA AT R0 FH 1 DA 9 18
BRGNSV, AN, 52 MR A AL R BR | R4 58 8 rh FE I i A S RGBS IR 514N, S

http ; //www.ecologica.cn



20 1 (=R T i M S PATR: Ve s E W & b 3
SR [ BT 1 AR S R G S5 T 2 AR R R AN R AR
K1 EBTREREAETMBE ARTNESHRFZ
Table 1
WA AE R RER S
i 1] 5T B WFFE N2 5Tk 5
Time Research period Research contents Research methods Lake-wetland ecosystem
service research
, BRGNS E
1997 4 i T i
DL Costanza 4= 25 & 45 i {1
ERRGER S HRERE WM, D MA R digmEk BT TRE.
1997—2005 4F: SESFMEITTARE L BRI WA X RAT A SRR
JrEB B B—aRE L RAES AL
RGNS M AETTAG
Il Wallace, Fisher et,
Haines-Young , Kumar % . W TT R R AR S R
s s PR SRR G R IPRE SRR (D S S s g i % 015
I L SR B KR REFENOD 2R ﬁﬁgm%; - B A1 £ | 28 B O 18 ik
ZMENRES RS WS OB
TR R I R A 5 (2426
VLGE PR 43 b7 Sy B e A S WA T b PEAl BIF 5 A
RGUMRSS B R FR |, E BT SRR B, FF R E 5
e A AT A FEM RS e R R SR BRI R, BRI S S
201054 BT PR BUIR e e b pm ) A SRBERLT SRR 305 0L B S A7 2% ik AL

HERBOHA A BB

BAME LSRR R i
SR A B K BRI AT B A
IRGE UL PPAG 2 R

FEAMHT 7 42

InVEST ,SolVES 2545 4 JF i
IR TS b A 75 2R B8 IR 45 R
oy Ap 133350

1.1 AN A S R GRS P

WAE PR AR 2 28 RGEMR 55, AW e 22 RO R £ AH OG5, 0 HL7E 4 7 19 I 25 RUBE B R i) AR
P20 AN A I R WV s Bl b S R G R R ER MR AR B R A S R G B A A B R
AR AR 2 R G R 55 Dy R EE AR AR TR i W A S O B R T B O E R AR S
IS R AR RGNS PR T O RS SO I i A SR E S SRR TBL,

BRGNS A SR B S E IR MBOR BTG, 20 TILTERN KR FE, Daily . de
Groot , Costanza Fl MA 51X A5 25 22 G0 I 45 A8 A L PR B2 40 M R M6 AT T 4 10 04 0 A AN R e I 637
MA ¥4 R G55 0 3 A2 e 55 R IR 55 SR R 55 AR IR 95 DU DRSS 74 BRI Fl N AR 21 1) 2
FOHES120 BRI, MA 43 A R AE AR 28 R GE S5 109 B2 JUAIF 7 0 22 0 DA 45 7 1 1) 1o FHAFAE 3 KR R | 98 3
JE R MA R RIBVEA SR G IR 55 R 2R 55, (14542 28 R GE R 55 RS 4 PF Al R A BRI Tk = AT HE 4L
Wi SR oM eSS R GRS RS T E MBS 52, Wallace | Fisher et Haines-Young , Staub £ %] /£
BRG ) IS5 R LM 55 1 XA AT TIRABIEET 227 B A S R GRS B IR RAF S ARBIRA
BRGNS M B — BRI - A 7 R G X AN 2R a5 1 1) 32 3 B4 5Tk . EPA (Environmental
Protection Agency ) FET IUHERS $HE T “ M B &= i — B/ BHEZ R H— R S R GRS BRI HE 15
MrHESE 317357 T NESCS( National Ecosystem Services Classification System) /£ 75 R G045 702k 2140 B
X T Rl IR 55 MR LR 55, AR S R GRS W BEE T BB e T AR RS R G IR A5 AL S P ] (A A
GRS IE AL A5 RGeS 4 Ol S BORBETH45 07 T R, 4 IR A= 25 R Gk 55 n s itk Jee e
W A 25 R GER 55 KBOT LA A3 17—23 28 (H B S320K 38 DRI 9 DX I8 26 R RP 0E R 32 5 25 Ot 47 1717 R 8
K2R, B, TR B ImR A 28 RS IR S5 73 28 S PPAL e bn i R s, AR 4 0 5% DXl iy 26 28 PR 25 5 AR
AT RE i 5 [ R PR BN [R5 Z o] A A AT L R AR R BE BRI AR 4L — ) I AR RAESR N

http ; //www.ecologica.cn



4 2 R

B
i

Eild 38 &

1.2 A S R G R 55 PEA

WA E S R G TR A S R R S5 VE 2 2Bk A S R GRS T4 1 5 ZE A 44 L 20 4R,
FEL B b VR AR S R GRS DA TT G T — RN R B &, Schallenberg 25 MK 2R HE25 KL |
HEK R IR SR IRIRAR AR 12 A R GRS ML A, X BTG 2% 8 AN AUl 100 km® Y
ﬁﬂ(ﬁﬁﬁ?TﬁE?&%ﬁﬁ&%ﬂzm[m o 2010 4F, £ E 2 sh T RWIPR &2 118 ( Great Lakes Restoration Initiative ) X 71
KB RGN ST AT T RGEVEAL 0 AR S RGNS LA 2 5 IKEh R il 2 55 10 {2 R TR 2
I TR TR A TR X A S R G S5 , W 5w 1 TORWIK Bl KRB IRAE S AW Atk A 4
DAR M EETBEADRGMSE , Steinman SFL54 5011 1 56 B BRI A8 RGEMS RE SRR
FOVTE T BRI A S RGNS VT A TG 1 B B A ok 2 5 g DR i ] B Reynaud & Lanzanova 1]
TEOMTGE T D IS T 423k 699 MINAAZS RGNS M A 5 eAMEINZ R JEHIUR R FER L5
[l S W AR T WA A 2 R G IR A PG SR, R B Th e TR R A 25 R e 55 i (ELPPAG ) o
IR

TEASERY i SR 07 THI, 1 T 1R AT GIS FOR Ay S A A8 R G55 PEAG BB AR 2 1 PRtk i, th B T 4
#5 InVEST ( Integrated Valuation of Ecosystem Services and Tradeoffs) (ARIES ( Artificial Intelligence for Ecosystem
Services) .SolVES ( Social Values for Ecosystem Services) , MIMES ( Multiscale Integrated Models of Ecosystem
Services) \EPM ( Ecosystem Portfolio Model ) , ESR ( Ecosystem Services Review ) , EcoMetrix , Benefit Transfer and
Use Estimating Model Toolkit %5 20 Z2/MEH 2200 Sz 13070 1t A= 245 2R 40 i A A BT 45 by R I e 25 ol
2y, PR RZHEEIAE WA A 25 R G S5 VAl v B R R AR TR AP B Be . HT InVEST LRI 7E 1A 18
S RGNS VAL P e AT T — 22l 2N TR KBTI AW 2 REvELER: DK B A B R 58
255 . InVEST BB HA (8 K B 4R OO0 A, H PR EY SR ) A0 A K SCREAS A RE VA B4R A &
AR A IR ) 7K AR A S HORT AR 25 R GEIR 55 AN | HCASLAELZ SRAR X1 8 ) K SORIK BRI AR ) AN i
SEPE

AR, FN - EWITRE T — RITWNA LS R GRS WS ROIDFSE, EERLLT 4 FJ5ik.1) 51126H)
THAE S R GEAR BEA BT A e 55 (045 v B 55 T M 55 ), e DU I 1) AR 28 T PR AR A sl d Fig s, 6 T AR 28
T B A7 A DO ) A D ARk AR AR S R GRS I R B B 5 2) DL R
R AREE | BRI WA A 25 R G S5 I (EITAR 57 5 3) R 37 14 vy W09 27 1 s
SIHTIAE S R GRS ARARE ™ 1 4) TS RE M5 TPAGBIRL (41 InVEST, SolVES ) , AL 1A #7110
oA R GRS W T R (0
L3 AR A S R G55 S L

WA IE 2 — DI RS ARG, 2 AR BRGS0 5 T8, SRR A S R Gk
55 5 IR BE B A e U S AR A R S S DI AR AR T /K 2 S A8 A 5 AT S VR F T 1 A= 2
RGNS B o R A AU A 2 R B LR A B R A AR D T AT U R K
R RIS 23 A3 A SR, BRI AR K SOIE 3™ A AR B AL S S B i P R e, N0 Bl T35
TEANWTINGR | 75 A W00 A 28 R GE R — R G ) R, A0 R B K R T f) el 15 35 b s e A, i 26
RS RGO R IE OB RON EWNAAE S RG K T HEIRFE RS o WX e i B e ol Bt el
A R T XK IR 25 5 SR TS S HE, FETRE AR A S R R A S RGeS 7 A
SR, Smith S5H % 8 ) 5 R A 0T 7 ABIG G A RSN RN oK SCR A SRR AR R
B K BRIRAL LR RE ) BIE R E SR LA BOK A TR T 9055 50 224> e R0 5 [ LR IXCBEK A=
LR SO 2R B RS T REAY Wt SR ALEE ) Ricaurte S 4 M1 S8 1T A FETE FIA IS
5 2 VT3 R S5 468 b I Tt o e 5 b 1 i 7 2 3K 0 PRl b R B Ak K B TR SR RIK 75 et
AT B LEZS R GENRS5 52 ML AR 0 B T2 BER T P sl e i O SE T o o 3 SR BRI T I B K

http ; //www.ecologica.cn



20 1 TRER AF AR AR S R GRS WSO 5

PEAE R A BR AR AL T B0 o S AGE A AR (8 50T FE I) CAR X WA K A2 38 3 (%) 52 Wil e, 393901 < 91T 1k
) B AP KA AR S IR K SCHE SR OC R WA T, RZBOINA A S REC &R T W& 72840, W XK
2y BTG b AW 2RSS 2RI A S R GRS KR TR R SE M 280 I B AR Ak 4 B R
BIFFE R, ook ) T AR 2 1 A T 78 A K T 13 249 mT LA S5 M B 22 R AR D A v, T w42 il UK 3%
PRI K AL I8 2l 0/ N T A6 40 22 REME RRAL, XE Dt 2 285 3R G W ) s ) B — A B ) AR R R 20070 e, 18
AR AR UL b BN Y AT KB ) KRR A Sh A AR A, SR TS 1A K BOR B T
I 5T Ry MR 0T
1.4 R A 25 R G855 AU 54k

BRGNS h THRB AR 25 [EEHES e NS BS54 i 2 E R R G55 Z (A7 TE 3%
AU S ER R A R0 B AR A S R GRS AU 5 D RIS R R 2R A S R GRS AT
Trdr DS TRREE A A RS, A ) T g X0 Ji 5 A S DR AP« XU 1 AR it , A 0] T I i 2 2 48 B
PRI AL RIR A 1] 52 A28 R G IR 45 BT RIE 9 7 v AR T 43 SR Gt 05 vk (28 8143 BT ik I Sl
TP RRSS TR ik 7 B A R GRS AU AT ST SR DL E M AT 3, 32 1t 2 ) o
G TR I A S R GRS A S I R DGR DY AR SR A

FURI, S0 T 0 3 09 £E 25 R G0 55 B 5 AR AL BIFFE A T WIEE 20 B B, RH OGT TS 806 B, Jessop 5538
i EPANRAE R 3805 A TR S BT 45 5 DR T IR M 5 A0 B 2R | B A AR Wi | A DL | M 3Rk A
18 SR A: ) Z RV AR S 2P AE B R GRS Z I AU G R Y s Li 5545 & InVEST SRR i A i,
B TR KAE I T LK IR Z AR S RGMRSAUE R R a7 TASRGE MRS WA R i AHCE (B REE
AP CUMUBUN T K S A3k AZ 55 ) BOAUET G R Y ; Yang S5 A InVEST B PEAL T 35 ] = £ M
VR T I Hh AE BE O E |  k R ) T A 7 2 (R AAE S PRI DG R dE s T B X 2R AR R R GRS Z IR E R
T
1.5 WA R

(1) BA T GE e A 28 R GRS VPR HEZR M A &R . BT, REBITFAETT ARG
FANE SRtk R B b IRVEHINIR A S R DI RE AR LIRS, R EOIHAES R G IS M E R
PEARZE AT 5 BEAS R ) s VR RS AR FPEAS 7 ik 2B Ak , PEAS 45 SRR 1) ] bR 22 ROBEHE 2R R s Mg k5 4E
AR GRS PEAG AR FH A AR 2 7 8C0IE S S 8K Sl Ak, HLR 22 B A 5 A X 45 i 45 A 3 Al 55 (
VOKBEZE JKIRERSE K RO B K BT A0 ) | TR SCA AR 55 1S4 R 55 OB 4UL Sh RE AR X ik = | S 3008
FEIRAFAE—E 1 R T AL S 45 RADA AR B R AN e 7k

(2) ZHREMBYE FEIIHT SEAEIRA . Z WA AR S RGNS 1 & 2 20 2 AR E SRR IE |
A= 28 R GE MR 55 AV W B Al ke = DA K A A 2 ik RS AR ) Jeg BR P 25 1 24, s TR 3 Y b A 2 R G R 55 8
PRI Bl P 2 5 i R AT 2 R ATF 9 (0 M R 50T R e R R AR I b ]
S5 X 43 KA KR TR S5k | iR AR A5 22 50 28 i PR32 0 390 T 100 1 A 285 2R 0 1 95 722 Ak 1) 52 e AL 1
AT5 AR R, 2 AT Pt A 25 R G IR 55 WF 9 iR R A DR ) B A ) R — 1A, 448 RO 9 8 2200 T 0 b A
ARG S5 B4 Fme K 1972 6] 5 BT P 5 28 (e , AR T8 s Rl 46 40 G 5 A 8 R G MRS TEA R R F Y52
M AL

(3) IRl 22 A A 28 R G 55 BT S AR S b ve K, BRI, 16T b A= 285 2R G2 I 55 AL A 5
T3 FHER AT LA ET S 5 R AE M GE o3 A (ALK 8 S PPA A InVEST B8 A3 LUE M 528 E 153
Mok 3 B A AT AR D A ISR N A b S AR R AR I 2 o AR S R G MR S5 LA 5 PR IR O
RIS W 5 23 R 5 T iR 22 A A A8 R G MR 55 Z IRl AR ELAE FHAIL] -5 03 [R) D0 A6 B AR A5 A 95 B

2 REARER

2.1 WAL AR A R GRS
FURT, 5 TR B AN 5 556, © 2T T — RIVET XA A 2 R GL 45 H S5 4173 (TR

http ; //www.ecologica.cn



6 S % 38 &

Fhs WA g KA AR ) OKEREE B BB 2R R KU R K RT R IR
TR L 7= 7 S 2 S W =7 IR B A W D T A S R G RS i R R s AR
ARAETT T, R WIANE AL S R G IR S5 PEAG R4S T LAl B At FE LB AR (AT A H R FE bR £
S FRAEE A S R GE R RIERE AR, Tk BB R A S R R S5, BN R BB &0 L RS R G R
FVPAL U 53 B RS B SR 5 5K, J0vk i AR E S I IET oK AR 22 XS e = MM, PRI,
FESE A WIAK AT T B TR S 40/ ) 30 A K 19 B 28 K I S R D A o AR IV B 28 R
GE R RFAE SRR AR | PR ERS I 2 RS B i A 5 K | A EE I L AR A S R G R S5 SRR
Fabr, WS YR e 1 R E SMAHEGE B AR AR E SN ORI B B SRS, R
M 35 R GENR S5 VA B R H G B S 005 e i T BRI B | ) sk A7 B it — R AR AT A S R 4
MR 45 O TE B 5 5 M LB
2.2 BERIPEAS AN M

A= 725 R BRSSPSR A B A BRI 220 i A 25 2R G R 45 I 25 AR AR A s (R sh RS R AE , IR0 A 28 R GE R 55 Bif
SRR ES R GRS A RN SR O, B o RS R GRS A RN O T R 2 AR
P T AT PEA B AN M R B AR DU DT I 1) RS R AT LR RS R GRS 1 R 2
FR R, BB R GRS S AL AL AU R 5635 5 2) TR AL 15 71 & oo A b 4 A T XA A
SEREA TR AL, S BUETY [ B B — R WANE 2 5 3) BT LR A 25 R G0 R 45 A 0 R ik =,
A RGN SS VAR e ()58 5 SR S BIAR M S AR B B0 1 3R R S B A S5 X Ak | A B A TR A A7
TERS KA 1 5 4) A A8 R GRS TR K 2 HRE B oh— oA BRLR A S R G55, it 2
R G SS LA VAR T s 2 R G SS PSR, 2R 2 [ A A S 2R E S R GRS 2
() AH AR R 0 2238 R A 42 i, S BCHPAL 25 DA AE — 2 BORTRE M, IR, 78 R SR 75 o S5 & W i
IR S, H2 2 X I 0 A 25 R e IR 45 T8 LS ML DA, s — 2R AR S5 4, [RIRsE s A= 75 &
B 55 00 RUBE 800 5 AH AR ALY, BRI G RV SSH  SCHESAR By il R 45 22 4 FE P 3
A A5 ISR R T2 A A TR SRR e M, 288 LR AR S R G IR A5 VA ASE L 10 1 Al 5 38 P M, e R
ST AF A XIS B RO TR AR 28 R GRS VAR | B8 R BN () 255 S UL BB ) WG B 5 P v
2.3 ERRGMRSS AR AL

US EPA F 1990 4F 15 Uk 2 A= 25 XU AR A&, 43 3 1992 451 1998 4R AR T 4= 25 KBS PE A HE 4L ) Al
CEBNEE TN AR R Y , B2 T BIRA IR A oA 52 28 AR, XURS AR 7 3 A2 IR A ERA PEA 7k, T 20 4E
o, A SRS PR FE A A VO RS AR TAR KRR, R —fbeE G ) 2 R R R Z K
BV 22 DRV TP A 26, XU TR 3 Rt Ak 2 75 e A S AR S AR Jre 31 N 2066 3l 1 52 iy ( Gl £k 2B 0%
MTAVE Y LUCC ol Sk %) , B 2 M A TRBEIEM ) XL A A SRS ASRS
AR 45 A FRANECR L BUA XTSRS R SRR 45 W 5 0 22 M O T 0 I B R (R R A PR X 2RI R T
PLalBhan T W AR 2 R GRS AR A W] RBAE A I B B R G AR I 5 6 A v 1, S BUE S R GRS 2k
18 IR, 0178 5 s TR AR 22 15 ST AR S U ITAR 1 N, 5T AZE S RIS 5k S A Kt
[E1] 1 0 1 A0 B0 AR AU RAL IS T A 25 R GE R S5 I A 2878 (R 2 A8 e 5 ol g 0 b A 75 R e A 55 72
TR TEM 1A R S Wi A | P31 A 25 2R 0 A 55 728 Ak 118 e XU DX v XU 2 8 R I B 2% A2k, K e AT T A 25
RGNS KR EENEZ — A BT E IS RGPS 21w A 2R S RSB A4S
IR T 5 e SR sk R o
2.4 RS RS P S TR

EBRGRS AL SRR ER RE RS A D R GG S BOR BT i AN R4S R GRS
FMRL HbR, EAIFRLT 3 NI 1) T AR RS R S 2 2L, AR e S 2 4%
HR 55 ASUAE 43 HT , 38 7 I T b 22 P 2 25 R R R 55 22 [B) A BT B R] 56 2 288 AH B A AL B RBE 47, 3T

http ; //www.ecologica.cn



20 1 TRER AF AR AR S R GRS WSO 7

WA A A R G S5 DR Rl T S LA R BIE 5 R , 2) T B IX A AR— At & — 2 BRSNS R R
FRAE , PEAL 2 A 2 AHOC ARG AS [R) 7R MR A5 5K S 17 50 B LR K SCARAN R ZK SO AR A2 2 AR e AR 55 1Y)
2 FARCARS 5t S 0l R RE 7 oK A A2 25 R G MR 55 DU AL AR T KON 5 s i 3) 48 A 25 R GE M 55 PP A
PR MIL GE 1) AR A5 ARSI (K SOK R R A= ) 2 REPEREAL AR MR RY lR 2 SR BRI 45 ) | 235 B4
PP R R A TR B AR T IX 255 8RR PRI DA 1 V81 B2 | it 1) FH % e 55 0 180 T 4 A 25 2R
GUlR 55 2 AV S AR A, R IITA T A 25 R G 55 b ) B T s A2 S5 4 00 3R, A S 30 P A 98 T 4 A 2 R
GEVPAGHEA AN T AR 2 HESh AR A 25 R ST IR ST BRI W 5T 52 TH WA AR 25 R G B KA TR
BSOS PPA 55 7 R BRI DIE A 181 B S5 ST BN P H 2 4 i B R SR I i A 285 AR e AR 55 WE S ) e i R 28
i

3 g

THIRBIAE AR 25 R G55 WF 5T RE 7 WV R 2B 25 R G0 55 1) N 23 A4 5C 38 M AR 28 R GE IR 55 25 LR
SRR SAE U AR 25 R G 55 A AL KB DX 7, D i i A 25 R e e 55 A0 A BRI JE A, 3 20 4F, [
WA B A AR S R G 55 W AR S AL AU oA 15 DA 55 ST A BIF TS AN I {EL I 0T 4
BRGISWTEARR BN IG | BARLUT JUASI7 AR BORAS L - A T 18 A I 8 A 25 R G0 AR 553
FEHEZRFNOT LA R (2N RS E B A 5 O A IR (250 A 28 R G5 AU 5 A D e 8 I
BEXF AT AR 25 AR G R S5 W ST (R 2 () N HC 5 78 PR SR ABOR BT 45 6 9 B SE 7 5K, it LT iaAS Iy
TET AR F AT 1) iR T P A 25 R BT IR 55 R AR SR AR M, BRAL AU R b A 25 R G IR 55 MBS
SEMARLEE ;2 ) s A 25 AR GEAR 55 1) NUBE RO 5 A AR AL AT 5, AR R 254 i vy B Y 19 £ 5 4 R AL
RE ) SHE L 5 3) M AR A B R SR S5 AL PP 1R 3R 5 12 B Y RO A 25 R G IR 5572 A i o XU
DX e XU 2 8 R AR A 5 4) B A 25 AR GE R 95 PG R A0 1 58 1) A 25 R R, SR THITIA IR AR S R 5
55 tip [F) S T B A S5 R 3R

22 3R ( References)

[ 1] Costanza R, d’Arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naecem S, O'Neill R V, Paruelo J, Raskin R G, Sutton P, van
den Belt M. The value of the world’s ecosystem services and natural capital. Nature, 1997, 387(6630) ; 253-260.

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

[ 3] Millennium Ecosystem Assessment. Ecosystems and Human Well-Being: Synthesis. Washington, DC; Island Press, 2005.

[ 4] Guerry A D, Polasky S, Lubchenco J, Chaplin—Kramer R, Daily G C, Griffin R, Ruckelshaus M, Bateman I J, Duraiappah A, Elmqvist T,
Feldman M W, Folke C, Hoekstra J, Kareiva P M, Keeler B L, Li S Z, McKenzie E, Ouyang Z Y, Reyers B, Ricketts T H, Rockstrém J, Tallis
H, Vira B. Natural capital and ecosystem services informing decisions: from promise to practice. Proceedings of the National Academy of Sciences of
the United States of America, 2015, 112(24) . 7348-7355.

[ 5] Crossman N D, Burkhard B, Nedkov S, Willemen L, Petz K, Palomo I, Drakou E G, Martin—Lopez B, McPhearson T, Boyanova K, Alkemade
R, Egoh B, Dunbar M B, Maes J. A blueprint for mapping and modelling ecosystem services. Ecosystem Services, 2013, 4. 4-14.

[ 6] MaesJ, Hauck J, Paracchini M L, Ratamiki O, Hutchins M, Termansen M, Furman E, Pérez—Soba M, Braat L, Bidoglio G. Mainstreaming
ecosystem services into EU policy. Current Opinion in Environmental Sustainability, 2013, 5(1) . 128-134.

[ 7] Brand U, Vadrot A. Epistemic selectivities and the valorisation of nature; the cases of the Nagoya protocol and the intergovernmental science—policy
platform for biodiversity and ecosystem services (IPBES). Law, Environment and Development Journal, 2013, 9. 202.

[ 8] Future Earth. Future Earth Strategic Research Agenda 2014. Paris; International Council for Science, 2014.

[ 9] Perrings C, Nacem S, Ahrestani F, Bunker D E, Burkill P, Canziani G, Elmqvist T, Ferrati R, Fuhrman J, Jaksic F, Kawabata Z, Kinzig A,
Mace G M, Milano F, Mooney H, Prieur—Richard A H, Tschirhart J, Weisser W. Ecosystem services for 2020. Science, 2010, 330(6002) .
323-324.

[10]  fHAZS, TFY BRSNS ERT k. BRI, 2016, 38(1): 1-9.

[11] Costanza R, de Groot R, Braat Leon, Kubiszewski I, Fioramonti L, Sutton P, Farber S, Grasso M. Twenty years of ecosystem services; how far

http ; //www.ecologica.cn



S % 38 &

[12]
[13]

[14]

[15]
[16]

[17
[18
[19
[20
[21
[22

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

have we come and how far do we still need to go? Ecosystem Services, 2017, 28 1-16.

Mitsch W J, Gosselink J G. Wetlands. 5th ed. New York; Wiley & Sons, Inc., 2015.

Hansen A T, Dolph C L, Foufoula-Georgiou E, Finlay J C. Contribution of wetlands to nitrate removal at the watershed scale. Nature Geoscience,
2018, 11(2): 127-132.

Costanza R, de Groot R, Sutton P, van der Ploeg S, Anderson S J, Kubiszewski I, Farber S, Turner R K. Changes in the global value of ecosystem
services. Global Environmental Change, 2014, 26 152-158.

Niu Z G, Zhang H Y, Gong P. More protection for China’s wetlands. Nature, 2011, 471(7338) . 305-305.

Great Lakes Restoration Initiative Task Force. Great Lakes Restoration Initiative Action Plan II Measures Reporting Plan, 2017. https://www.glri.
us/sites/ default/files/ glri-measures-reporting-plan- 20170926- 156pp. pdf.

Study of Critical Environmental Problems (SCEP). Man’s Impact on the Global Environment. Cambridge, Massachusetts: MIT Press, 1970.
Ehrlich P R, Ehrlich A H. Extinction; the Causes and Consequences of the Disappearance of Species. New York: Random House, 1981.
Schulze E D, Mooney H A. Biodiversity and Ecosystem Function. Berlin: Springer Verlag, 1993. 237-253.

Wallace K J. Classification of ecosystem services: problems and solutions. Biological Conservation, 2007, 139(3/4) . 235-246.

Fisher B, Turner R K, Morling P. Defining and classifying ecosystem services for decision making. Ecological Economics, 2009, 68(3) : 643-653.
Haines-Young R, Potschin M. Proposal for a Common International Classification of Ecosystem Goods and Services ( CICES) for Integrated
Environmental and Economic Accounting. (2010-03-21) .http ://www.nottingham.ac.uk/cem/pdf/ UNCEEA-5-7-Bk1.pdf.

Kumar P. The Economics of Ecosystems and Biodiversity: Ecological and Economic Foundations. London; Earthscan, 2010.

Bagstad K J, Villa F, Johnson G W, Voigt B. ARIES - Artificial Intelligence for Ecosystem Services: A Guide to Models and Data, Version 1.0.
Bilbao: The ARIES Consortium, 2011.

Bagstad K J, Semmens D J, Waage S, Winthrop R. A comparative assessment of decision-support tools for ecosystem services quantification and
valuation. Ecosystem Services, 2013, 5. 27-39.

Goldstein J H, Caldarone G, Duarte T K, Ennaanay D, Hannahs N, Mendoza G, Polasky S, Wolny S, Daily G C. Integrating ecosystem-service
tradeoffs into land-use decisions. Proceedings of the National Academy of Sciences of the United States of America, 2012, 109(19) : 7565-7570.
Staub C, Ott W, Heusi F, Klingler G, Jenny A, Hicki M, Hauser A. Indicators for Ecosystem Goods and Services: Framework, Methodology and
Recommendations for a Welfare-Related Environmental Reporting. Federal Office for the Environment, Bern. Environmental Studies No. 1102, 17S.
Sophocleous M. Global and regional water availability and demand ; prospects for the future. Natural Resources Research, 2004, 13(2) . 61-75.
Graf W L. Downstream hydrologic and geomorphic effects of large dams on American rivers. Geomorphology, 2006, 79(3/4) . 336-360.

Jopke C, Kreyling J, Maes J, Koellner T. Interactions among ecosystem services across Europe: bagplots and cumulative correlation coefficients
reveal synergies, trade-offs, and regional patterns. Ecological Indicators, 2015, 49, 46-52.

Bradford J B, D’Amato A W. Recognizing trade-offs in multi-objective land management. Frontiers in Ecology and the Environment, 2012, 10(4) .
210-216.

W, BB, BRI, XIZT, HEE RS RS AEIIEIEE . AR, 4, 2017, 72(6) : 960-973.

Jessop J, Spyreas G, Pociask G E, Benson T J, Ward M P, Kent A D, Matthews J] W. Tradeoffs among ecosystem services in restored wetlands.
Biological Conservation, 2015, 191 341-348.

Li C, Zheng H, Li SZ, Chen X S, LiJ, Zeng W H, Liang Y C, Polasky S, Feldman M W, Ruckelshaus M, Ouyang Z Y, Daily G C. Impacts of
conservation and human development policy across stakeholders and scales. Proceedings of the National Academy of Sciences of the United States of
America, 2015, 112(24) : 7396-7401.

Yang W, Jin Y W, Sun T, Yang Z F, Cai Y P, Yi Y J. Trade-offs among ecosystem services in coastal wetlands under the effects of reclamation
activities. Ecological Indicators, 2018, 92 354-366.

Schallenberg M, de Winton M D, Verburg P, Kelly D J, Hamill K D, Hamilton D P. Ecosystem services of lakes//Dymond J R, ed. Ecosystem
Services in New Zealand—Conditions and Trends. Lincoln: Manaaki Whenua Press, 2013 203-225.

de Groot R S, Wilson M A, Boumans R M J. A typology for the classification, description and valuation of ecosystem functions, goods and services.
Ecological Economics, 2002, 41(3) : 393-408.

FuBJ, Su C H, Wei Y P, Willett I R, Lii Y H, Liu G H. Double counting in ecosystem services valuation: causes and countermeasures.
Ecological Research, 2011, 26(1): 1-14.

United States Environmental Protection Agency (US EPA). Valuing the Protection of Ecological Systems and Services. Washington, DC: United
States Environmental Protection Agency, 2009.

United States Environmental Protection Agency (US EPA). National Ecosystem Services Classification System (NESCS) : Framework Design and
Policy Application. EPA-800-R-15-002, Washington, DC: United States Environmental Protection Agency, 2015.

http ; //www.ecologica.cn



20 4 B S OAEAE S R GRS WS 9

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51

[52

[53
[54

[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

[63]

[64]

[65]

[66]

La Notte A, Liquete C, Grizzetti B, Maes J, Egoh B N, Paracchini M L. An ecological-economic approach to the valuation of ecosystem services to
support biodiversity policy. a case study for nitrogen retention by Mediterranean rivers and lakes. Ecological Indicators, 2015, 48 . 292-302.
Angradi T R, Launspach J J, Bolgrien D W, Bellinger B J, Starry M A, Hoffman J C, Trebitz A S, Sierszen M E, Hollenhorst T P. Mapping
ecosystem service indicators in a Great Lakes estuarine Area of Concern. Journal of Great Lakes Research, 2016, 42(3) . 717-727.
Steinman A D, Cardinale B J, Munns W R Jr, Ogdahl M E, Allan J D, Angadi T, Bartlett S, Brauman K, Byappanahalli M, Doss M, Dupont D,
Johns A, Kashian D, Lupi F, Meclntyre P, Miller T, Moore M, Muenich R L, Poudel R, Price J, Provencher B, Rea A, Read ], Renzetti S,
Sohngen B, Washburn E. Ecosystem services in the Great Lakes. Journal of Great Lakes Research, 2017, 43(3): 161-168.
Reynaud A, Lanzanova D. A global meta-analysis of the value of ecosystem services provided by lakes. Ecological Economics, 2017, 137 184-194.
Sharma B, Rasul G, Chetiri N. The economic value of wetland ecosystem services: evidence from the Koshi Tappu Wildlife Reserve, Nepal.
Ecosystem Services, 2015, 12, 84-93.
Greenland-Smith S, Brazner J, Sherren K. Farmer perceptions of wetlands and waterbodies: using social metrics as an alternative to ecosystem
service valuation. Ecological Economics, 2016, 126 58-69.
Wondie A. Ecological conditions and ecosystem services of wetlands in the Lake Tana Area, Ethiopia. Ecohydrology & Hydrobiology, 2018, 18
(2):231-244.
Vigerstol K L, Aukema J E. A comparison of tools for modeling freshwater ecosystem services. Journal of Environmental Management, 2011, 92
(10) : 2403-2409.
Hallouin T, Bruen M, Christie M, Bullock C, Kelly-Quinn M. Challenges in using hydrology and water quality models for assessing freshwater
ecosystem services: a review. Geosciences, 2018, 8(2): 45.

AR, RE, BB, M, FESF, EFOSE. SRR KRR B T A B RGNS ME R . B A0, 2013, 24(3) .
809-817.
}%ﬂﬂtﬁ PENSE, 2546, SHOR, FhEEs, SRIEI. LI SR GRS I EIEAY. RS2, 2016, 36(3) : 828-836.

o BPIRE, TF R BPRBICR XA S R GRS I A 5 0. SRR, 2010, 32(4) ¢ 776-781.

'iI';Bz, MR, B, BRI, BRIE 2. PRl e 2 R GRS BT, 424284, 2017, 37(8) : 2497-2505.
Sun C Z, Zhen L, Miah M G. Comparison of the ecosystem services provided by China’s Poyang Lake wetland and Bangladesh’s Tanguar Haor
wetland. Ecosystem Services, 2017, 26 411-421.
LiXW, YuXB, Jiang LG, Li WY, Liu Y, Hou X Y. How important are the wetlands in the middle-lower Yangtze River region: an ecosystem
service valuation approach. Ecosystem Services, 2014, 10: 54-60.
P, WK, Kung HT, 3KA, JF25. 1998-2014 4£3 LU H SRR X A28 RS A5 A (H RO 2325 5. RS2, 2017, 37(15) -
4984-4997.
BGERD, R, H s, EYR. B4 S AT KAEB RGO EBIN SRS ). A4, 2017, 37(24) : 8411-8421.
Dearing ] A, Yang X D, Dong X H, Zhang E L, Chen X, Langdon P G, Zhang K, Zhang W G, Dawson T P. Extending the timescale and range
of ecosystem services through paleoenvironmental analyses, exemplified in the lower Yangtze basin. Proceedings of the National Academy of Sciences
of the United States of America, 2012, 109(18) : E1111-E1120.
Xu M, Dong X H, Yang X D, Wang R, Zhang K, Zhao Y J, Davidson T A, Jeppesen E. Using palaeolimnological data and historical records to
assess long-term dynamics of ecosystem services in typical Yangtze shallow lakes ( China). Science of the Total Environment, 2017, 584-585:
791-802.
IMEE, Bigk, TM, W, FRFR T BT InVEST A5 4 0 BT 4 A= 1) 22 BE PR 540 A7 UL R BT IR 5 3R 88, 2015, 24(7) :
1119-1125.
JEJ73C, B, 2B, R L. B A PR A S R GRS BT A RN, 2015, 13(6) : 667-674.
I, XURE, W, 2552, WIET, . 35T SolVES MEAL Y Y 22 i [F M M 24 Bl A 35 R e IR a5 Ak 2 (P AL @A, 2018, 16
(1):51-58.
Su X L, Zeng B, Huang W J, Xu S J, Lei S T. Effects of the Three Gorges Dam on preupland and preriparian drawdown zones vegetation in the
upper watershed of the Yangtze River, P.R. China. Ecological Engineering, 2012, 44, 123-127.
Yang G S, Zhang Q, Wan R R, Lai X J, Jiang X, Li L, Dai H C, Lei G C, Chen J C, Lu Y J. Lake hydrology, water quality and ecology impacts
of altered river-lake interactions: advances in research on the middle Yangtze river. Hydrology Research, 2016, 47(S1) . 1-7.
Smith S D P, McIntyre P B, Halpern B S, Cooke R M, Marino A L, Boyer G L, Buchsbaum A, Burton G A Jr, Campbell L. M, Ciborowski J J
H, Doran P J, Infante D M, Johnson L. B, Read J G, Rose J B, Rutherford E S, Steinman A D, Allan J D. Rating impacts in a multi-stressor
world: a quantitative assessment of 50 stressors affecting the Great Lakes. Ecological Applications, 2015, 25(3) . 717-728.

Ricaurte L ', Olaya-Rodriguez M H, Cepeda-Valencia J, Lara D, Arroyave-Suarez J, Finlayson C M, Palomo I. Future impacts of drivers of

http ; //www.ecologica.cn



10

S % 38 &

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]
[85]

change on wetland ecosystem services in Colombia. Global Environmental Change, 2017, 44, 158-169.

Watson RT and the Core Writing Team. Climate Change 2001: Synthesis Report. Geneva, Switzerland: IPCC Secretariat, C/O World
Meteorological Organization, 2001.

Fang J Y, Wang Z H, Zhao S Q, Li YK, TangZ Y, Yu D, Ni LY, Liu HZ, Xie P, Da L J, Li Z Q, Zheng C Y. Biodiversity changes in the
Lakes of the central Yangtze. Frontiers in Ecology and the Environment, 2006, 4(7) : 369-377.

Coops H, Hosper S H. Water-level management as a tool for the restoration of shallow lakes in the Netherlands. Lake and Reservoir Management,
2002, 18(4): 293-298.

Riis T, Hawes I. Relationships between water level fluctuations and vegetation diversity in shallow water of New Zealand lakes. Aquatic Botany,
2002, 74(2) . 133-148.

Nowicki C J, Bunnell D B, Armenio P M, Warner D M, Vanderploeg H A, Cavaletto J] F, Mayer C M, Adams J V. Biotic and abiotic factors
influencing zooplankton vertical distribution in Lake Huron. Journal of Great Lakes Research, 2017, 43(6) : 1044-1054.

Carpenter S R, Mooney H A, Agard J, Capistrano D, DeFries R S, Diaz S, Dietz T, Duraiappah A K, Oteng-Yeboah A, Pereira H M, Perrings
C, Reid W V, Sarukhan J, Scholes R J, Whyte A. Science for managing ecosystem services: beyond the Millennium Ecosystem Assessment.
Proceedings of the National Academy of Sciences of the United States of America, 2009, 106(5) : 1305-1312.
HWUREL, ERAT, AR, ST ARG B D AR R S S R . JuERBL 24 E R, 2015, 30(11) : 1250-1259.

Ma R H, Duan HT, Hu C M, Feng X Z, Li AN, Ju W M, Jiang ] H, Yang G S. A half-century of changes in China’s lakes: global warming or
human influence? Geophysical Research Letters, 2010, 37(24) . 1.24106.
Wang Y Y, Jia Y F, Guan L, Lu C, Lei G C, Wen L, Liu G H. Optimising hydrological conditions to sustain wintering waterbird populations in
Poyang Lake National Natural Reserve: implications for dam operations. Freshwater Biology, 2013, 58(11) : 2366-2379.
Lavorel S, Grigulis K, Lamarque P, Colace M P, Garden D, Girel J, Pellet G, Douzet R. Using plant functional traits to understand the landscape
distribution of multiple ecosystem services. Journal of Ecology, 2011, 99(1) . 135-147.

Layke C. Measuring Nature’s Benefits; A Preliminary Roadmap for Improving Ecosystem Service Indicators. Washington, DC; World Resources
Institute,, 2009.

Nelson E, Mendoza G, Regetz J, Polasky S, Tallis H, Cameron D R, Chan K M A, Daily G C, Goldstein J, Kareiva P M, Lonsdorf E, Naidoo
R, Ricketts T H, Shaw M. Modeling multiple ecosystem services, biodiversity conservation, commodity production, and tradeoffs at landscape
scales. Frontiers in Ecology and the Environment, 2009, 7(1) ; 4-11.

Scarlett L, Boyd J. Ecosystem services and resource management ; institutional issues, challenges, and opportunities in the public sector. Ecological
Economics, 2015, 115, 3-10.

United States Environmental Protection Agency (US EPA). Guidelines for Ecological risk Assessment. EPA/630/R-95/002F, Washington, DC:
U.S. Environmental Protection Agency, 1998.

de Franga Doria M, Pidgeon N, Hunter P R. Perceptions of drinking water quality and risk and its effect on behaviour: a cross-national study.
Science of the Total Environment, 2009, 407(21) ; 5455-5464.

Cormier S M, Smith M, Norton S, Netheisel T. Assessing ecological risk in watersheds: a case study of problem formulation in the Big Darby Creek
watershed, Ohio, USA. Environmental Toxicology and Chemistry, 2000, 19(4) . 1082-1096.

Deacon S, Norman S, Nicolette J, Reub G, Greene G, Osborn R, Andrews P. Integrating ecosystem services into risk management decisions; case
study with Spanish citrus and the insecticide chlorpyrifos. Science of the Total Environment, 2015, 505 732-739.

Larsen S, Alp M. Ecological thresholds and riparian wetlands: an overview for environmental managers. Limnology, 2015, 16(1): 1-9.

Xu X B, Yang G S, Tan Y, Zhuang Q L, Li H P, Wan R R, Su W Z, Zhang J. Ecological risk assessment of ecosystem services in the Taihu Lake
Basin of China from 1985 to 2020. Science of the Total Environment, 2016, 554-555. 7-16.

http ; //www.ecologica.cn



