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Establishment of health evaluation index system of Hani Terrace Wetland

Ecosystem
SHU Yuanqin, SONG Weifeng ", MA Jiangang

College of the Ecology and Environment, Southwest Forestry University , Kunming 650224, China

Abstract: Wetland plays an extremely important role in maintaining biodiversity, improving water quality, regulating
microclimate , and protecting water and soil. With the unreasonable human activities, the ecological problems of wetland are
becoming more and more serious, so the evaluation and diagnosis of wetland ecosystem health is extremely urgent. Hani
terrace wetland is a special artificial paddy field wetland in southwest mountain area. It has not only important wetland
ecological function value, but also agricultural production and national cultural value. At present, the research on Hani
terrace wetland ecosystem mainly involves economic culture, ecological security and landscape tourism, while the research
on ecosystem health evaluation is few. By analyzing the maintenance mechanism of the ecological balance of Hani terrace
wetland and establishing a scientific health evaluation system to evaluate the health of the wetland, we can better understand
the health status of the wetland, provide scientific support for the planning and utilization of the wetland and promote the
sustainable development of the wetland. The unique vertical spatial structure of forest-village-terrace-river in the Hani
terrace wetland is the maintenance mechanism of healthy balance of wetland ecosystem. Each part is independent and
indivisible, with integrity. At this time, Hani terrace wetland ecosystem is not only the ecological subsystem of terrace
wetland, but also the health evaluation of the whole forest-village-terrace river system. Based on the analysis of the
maintenance mechanism, this paper constructed a health evaluation index system of 20 indicators including ecological
characteristics, functional integration, social and political aspects and a health threshold grading table of each indicator.
Meanwhile, AHP analytic hierarchy process is used to determine the weight of each index, and comprehensive evaluation

method is used to evaluate the health status of Hani terrace wetland ecosystem later. The evaluation index system constructed
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in this study solves the problem of the lack of health evaluation index system and provides a guiding method for the
evaluation of the health status of this type of wetland ecosystem. According to the evaluation results, improvement strategies
can be proposed for the subsequent improvement of wetland health quality and sustainable utilization development of

wetlands.

Key Words: ecosystem health assessment; Hani terrrace; indicator system; health assessment
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Fig.1 The spatial structure of Hani terrace system
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Water assurance rate
QR B < i W AE 4 < O AR % e bk
7J<)uJ‘fh_u%E.%;ﬂz o KT > 80% 65% < JK VR 1T i B 50% < K SCIE 4R AL K ST 5 K< 50%
Hydrological regulation index <80% <65%
LA T KT R 5090< A = IR < 4455< MR 1K < s
Land productivity >8910kg/km 8910kg/km? 5090kg/ km? <4455kg/km
i U W 2 1720 < Jife YiF WG 3 B < 1746 < Jife i WL O 35 4k <
1720 w/ =175 R/
Tourism index < FIAR/ 2 1746 J1 NIK/a 1759 71 AR /a O NG/ 2
W) 2 e FE 10000 5 000< ¥y I 22 B AE ML < S000< WMLV HE M < _ 5t

Material economy index

10000 7T

9000 JG
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Table 5 Health threshold classification for social and political indicators

- [H{E %2 Range of threshold
£t
Index 1 Excellent K Good # Middle 2% Bad

(4.25—5) (3.50—4.25) (3.00—3.50) (0.00—3.00)
o IR S <075,  FMIBEBERBE I <1, A EHEBE KRR < 1. HWEERE S >1.125, A
2

Population density

VSN BRI
Agricultural population

turnover rate

REGARL AL 8
Utilization intensity of
chemical fertilizers
and pesticides

TS YN it
Quality of wetland
population

IR aAE TS
Environmental
Investment Index

T K

Level of Wetland
Management

BOREHL ST
Implementation of policies

and regulations

NN AL TIRER

VSUNEE VIR )
B, I H DX B AL 3R B
%, B FH R M A b S Al A%
AR

ARIE e 24 fff ] 5 J3E R T
ZEABIET 30%

SCH H < 20% , 90% K LA
R B3 A R
PER

IR B0, &t
T H 25%

EHTBR AW, M
N

E RIS e ]
e

AR AL THRE T

AN A YERFAE iR
b T 38 o A ol 3 £ 7R
PR

TRRE A 24 fiff FH o8 B 4K T
A PIET 20%

TH # <30%, 80% 1 J&
R AR AR iR

IR B AR B, 15%
< HIECE H<25%

BHTFBA A, BB
HZE

BN R IPSE SR
SLIER R SEE

125, NV FERR, b F
IR e SRR RS

el N AR, 57 3 1
0, B R A I S Ak
AN

PEREA 25 5 B2 5 =
B AT R — R

XHHE>40% , 8 70% 1Y
S S EL A b A b R

IR R B — M, 10%
<fitt<15%

T B, A AR DAY
IR LR
[l Z I

T E— P, SRR R

BE NN - AN
Ta il AL A

MBI R, A AR
B, B FH R Al ST
P AR /N

PRL AR 25 6 T3 5 T =
[EReRl i

HEF>50%, = AR

RN

R0 B %48 B, 5 L
<10%

EHFBEE, F LR
N

BOAAE BIBIAR G B ML, 52
U N NI by

3.3 IGJER RS R G RV
3.3.1 e R E

A SCRIH)Z R 538711 (Analytic Hierarchy Process, fiiFK AHP) #fi & F8 AR AL EE . Horh, &4 F8 Am A X 8
B SE A R R A R A Y O =X ) 20 6 B S IR . I 20 13 & R R 5K e IR IR ML 5 o T R AR

REp A SGTA b R BE MAEBE RIS HAR BRI B AL, W I T 2557 AR MR FOK R
SARFSERE R R —JZ AR AR RS R AW AR A E A I RUEE AR Bk (R 6) o FIATERAT YAAHP
10.3 FHEAIWTAR I (6 7T—10) B8 SRR AR (£ 11) 1%,

®o6 FIEHEERERS X

Table 6 Judgement matrix scale and implication

FREE Scale % X Meaning

AREE Scale & X Meaning

1 PIAEPRATLL , A () 45 B 24k
3 PIDEPRANLE , — PR L 55 — ATl I 22
5 PIEPRALL , — MR L7 — A B 3

7 PIEARAALL , — AR L — AR E 2
9 PIAEPRA L, — AR H 55— i 2 2
2.4.6.8 EFEEEA T PSRRI R4 2 1)

TR & 0RO 2 A S DU 2 o )

®7 KENEBMEIRE A WHMTERE
Table 7 Criteria layer B for the judgement matrix of A

A B1 B2 B3 A B1 B2 B3
B1 1 1 2 B3 172 1 1
B2 1 1 1

P —FPE L] 0.0516<0.1, 18 5 —FrE G 3
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Table 8 Index layer C for the judgement matrix of B1
Bl c1 c2 C3 C4 cs c6 c7 c8
cl 1 1/5 5 1/4 172 1/3 1 5
2 5 1 7 1/3 4 3 3 5
C3 172 1/7 1 1/6 173 0.2 1/5 2
C4 4 3 6 1 1 4 2 5
cs5 2 1/4 3 1 1 3 2 5
C6 3 1/3 5 1/4 173 1 2 4
c7 1 1/3 5 1/2 172 0.5 1 5
c8 01/5 0.2 0.5 1/5 1/5 0.25 1/5 1
LA . —FPE ) 0.0963<0.1, 38 i — EHE R
F9 IBIRE C HEE B2 WFIHTER
Table 9 Index layer C for the judgement matrix of B2
B2 C9 €10 Cl1 C12 C13
C9 1 1 2 5 6
C10 1 1 4 5 6
Cl1 172 1/4 1 2 3
c12 1/5 1/5 172 1 2
C13 1/6 176 1/3 172 1
LA . —FPE ) 0.0165<0.1, 38 i — B
F 10 15HRE CENE B3 K #i5ERE
Table 10 Index layer C for the judgement matrix of B3
B3 Cl4 C15 Cl6 c17 C18 C19 €20
C14 1 1/5 2 3 174 1/4 173
C15 5 1 5 5 5 5 3
C16 172 1/5 1 172 173 /5 1/4
c17 173 1/5 2 1 1/6 176 1/4
C18 4 1/5 3 6 1 1 173
C19 4 /5 5 6 1 1 1/3
€20 3 173 4 4 3 3 1
LA . —FPE ) 0.0962<0.1, 38 i — Bt
F11 BEHHEMESREERITNISRHNE
Table 11~ Weights of ecosystem health assessment indicators of Hani terrace Wetland
T2 & Habr)2 E N2 R febr)2 &
Criteria layer Weight Index layer Weight Criteria layer Weight Index layer Weight
A B FRE 0.4126  JKfi 0.0311 + A= 0.0463
Ecological features RREEE 0.1040 it U W' A 0.0256
HARRER 0.0124 YR A FAREL 0.0167
MR H P FE AL 0.1106 || #25EUA 0.2599 AR 0.0156
Tofs RO o 0.0625 || Society and Politics VS INEF TP 0.1011
o H R A 0.0446 A AT 3 0.0096
AW Z R 0.0366 b 2 0.0103
AT AR BE 0.0109 IR BT EL 0.0334
RE A 0.3275  JKFHHIER 0.1103 B B KO 0.0359
Functional integration IR G 85X 0.1286 BRI 0.0542
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3.3.2  IRPRMERRSFEYCN S M B(E R 5

FEAL B AHOCSCHR VAN PR T 25 5 SEPR IGO0 B LA L R rd JE A H b AR 28 RGN AR E ST R 4 455
KX SF LXK 7, B A H8 bR S B 50 5 53, 3 R (4.25—5) LR (3.50—4.25) 1 (3.00—
3.50) 22 (0.00—3.00) , AEAR I FEA T 38 45 X 18] U HE T8 R BUIR A TP 431
333 iGN

20 DFEFR IR T 1553 (H 3 LA 8 An A EE, Ir A T2 FN 3R LA 20 BV 0 Je A FH b %) £ 32 3F fh 255 5 15
g7, BRI E AL T .

R=(i W, F,) x 20 (12)
X, R FRIFM LRG0 W, 3R 5 i BHEFRACE ; F, RRE { THEARITA . 6 R (07550508 Je B
B M A 25 RGO RRAR DA R e A — i eSS RS AN E(E 12)

*12 BEHHEMBRERYDIRE
Table 12 Health grading standard of Hani terrace Wetland

B RGERGFR R GERER4) ARG

Ecosystem health level Ecosystem health score Ecosystem Characteristics

i35 3 90100 M BT IR S R IR s 32 A AR AR, AR B
Health i

BIAf453 80—90 ML TE VR T S R T DB 5 2 A0 R AR X AR A
Subhealth KPR TR

— 70—80 Dl R 2 U A — B 3 IR s 52 B R R, AN KR
General ARXTELAR

Jifa 55 60—70 TH BT UL 2SS RE % AR, AR A e 2 A R B
Fragile 15, NS BT AS R T 2 T e e 25K

RS <60 MBI = H GG B0 I DRE LT 58 4x e Ok s 2 i in
Pathological FREEAOR | NS LT il o W 4 2

4 Fit541R

(DM ARG e AR AMARRIE RGN [F126 B0 b 3 FRE T A6 L RO SR b A I HAT
5o MRS TR M h — PR IR A TR FEE M, R B0 S R 2 (1) 25 4 S 15~ DR T8 s DX 51) 9 AR
A, RGEH S INREA AT A2 DI RER LR, DHRE SR 25 AR L, I Je b TR b AR e O BRER: DU 3R
[l Ae) " BEAREE R A (R SR B, DU T4 A8 R GE Z 8] YA B IO R A 2%, 45 R A0 IS AHR /] 43381, BoA AR
P RIS A JE o A 2R 8 A BREDT A AN AU X B e s A 2851 2R 9 1) BRGS0 17 1 X 8 > AR AR A 2 -
b FH TR A R DAY, i — AN T
(2) HH B R G A G ERIEA 7 HEAAR L (36 13) , W Je B FHT b 2 6 19 fi B e 123 ) 254 I
1L e SR RS aid =) S T A IR S Wi N R ] ek vl NI -9 N RS A A2 0 A N
F T RGO IR RIBCR 10, ZRAR T RGUK IR RE ) ST RGUK UK R RN 28T R SR pHEE B
SR T RGNS 10 W5 B4 1 AR G B I SR A LR, (1A, 02 A% e 3l % T o P X P K
FIR AR RS . A S5 S PRI TT [ R bR MR PR 22 A4 BECRAIERS JE A TR M 2R SE A R VAN 19
(3) AT A EPR @R BI(E, FARF BIE S ML R P 22 4 S5 BRI 5 00, &4
BATTUHR B 1 R 0 A 10 b 2R 0 A BV BT X A8 SRR PPN FT o R A TR . ARAS T & AR bR 1 )5
AR ZE S VRO L T i JE A T M R SE A R A AT 23 AR S5 231 00 T LUK ey JE B T M A 25
GEAERE S N AR AR — i a5 A A 5 S5, AR ITH R G AT A e A 421
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Table 13 Health evaluation of different Wetland ecosystems
M 2 Bk A RYLEE FERRE PR TR
Name Type System structure Main characteristics Evaluation method
e JE AR TR 5 L Wk R, ME A B HRLETE” EEESRLG, MR
Hani Terraced Wetland e 25 GIE i KA BEWAZE T
VL ZDRE BRI : ey BT GIS RS MK )
EAR K B SR 3
Zhang Jiang Estary T e I L
Mangrove Wetland HARARF TR R by
=1 2 X TR LR LN s 774K
ST WIS W R BT o R MR R
San Menxia Reservoir 4 B R SO MR = 22 A K S T G A T Z5-MA R 3 A J2 T 3o X
Area Wetland - Gl ’ e TEPREAT IR
= n ¥ ', ?:, >

. FA kTR ) A R\
HRHLL WAL PTG b, g 5 A LTI R
Xiong'an wetland miﬁﬁ - TSR TR D) A8 b 43 B 4

(4) W Je A T A 25 AR ST A A0 S st B B B AFBR IR, DR SE T 238 AR IR R BOAG S ELAT B0, 36 T
LB PR, PRI, 7 S BN FH v m AR DA X R 214 ] 50 i e B A e B L 1 L as

52 3T ( References) :
[ 1] EEal, BB5E, B, wiE, o, Xk, ] ERBFEHEBUR R BT R. %R, 2000, 22(1) ; 9-13.
[ 2] FEB AES. o PR R RIS A TR K oA - 1 2EA0 5053, s0lk2#4R ,2012( 1) :266-276.
[ 3] Edl, Frents, Sesh. S EB AR BUR AT R0, mEdrdel, 2018, 12(19) : 19-20, 23-23.
[ 47 2w, kEB, 5, W, TAAE. P ENSH G RIS, Bkl 588, 2019, 15(2) : 41-44.
[ 5] Phakms, XRL, 2R, v R SE IR A PR Tn) S rT RS R RIS SR . T2 X3 5 788, 2006, 20(2) ; 83-88.
[ 6] TiEME. aomd)ess bR RS ER. AL, 2016, 42(2) ; 25-30.
[ 7] FFmEE, RYevk. IRENRHA S RGEBEN IR IER. WHGK 2445, 2020, 32(2) ; 21-25.
[ 8] RYelg, Rz WBEHH . Jitdbk ASEE frg kR, b, BleEhiist, 2016.2-3.
[ 9] ZEoe, Ry e AT RS HRMEY R HE. %M, 2020, 40(17) : 6223-6232.
]

XUGEAR, THST, FlEMg, NIV L0000 e B F v 78 7 8 XU Bt R 00 B S B2 s R 7. v [ AR 2Rl 2 4 (P g 30) |, 2020, 28

(1): 124-135.

[11] wel, gL, waJess IR A S R GRY IR ERFIE. 235240, 2006, 26(7) : 2115-2124.

[12] P, RIPSC, 25 e A S R SRR LK IR FR I RE T, K L ARA50E5T, 2016, 23(2) : 166-170.

[13]  #F3CH, WICE. R IFZ RN ETE LB B P T k. R AMOLATTE , 2020, 33(4) : 118-122.

[14] Sharma C M, Baduni N P, Gairola S, Ghildiyal S K, Suyal S. Tree diversity and carbon stocks of some major forest types of Garhwal Himalaya,
India. Forest Ecology and Management, 2010, 260(12) . 2170-2179.

[15]  7&Mm5. B = TR AL B AR 36 15K AL BRAF5E [ D], Kb Wim K2, 2007.

[16]  4xdh, SRIKIL. Hokes A SHEE RO BFRER. £ FRHL, 2020, (13): 114-117.

[17]  BEEHk, RYEVE. I Je s M A S RGEMARRR FIE SRS B 28 A RHIE. JK LARFRAA, 2018, 32(3) : 235-241.

(18] [iwr, DhFeH], fALiff. dHhAR HIR R A AR S EE R ma T e £rid. 4738254, 2007, 27(5) : 2118-2125.

(197 dKoKkh, BIBESC. ARMERS Bl SOk = PR I Fe ik, A S A4, 2016, 24(4) : 460-469.

[20] BEHESE. REVEMEGE S0 e M HSCI RO ISE [ D], dbat . WEARR:, 2012

[21]  EEENE. 4I5S e R XAl S ™ (R AP RN A& R 15 i ——JE TG JE B AR 25X 4 B 8 1 16 ARy &, &k, 2019, (1)
251-259.

[22] =REE, %W, B/, ER#, S0P AERGEFHTO BT TR, YA, 2001, 25(6) : 641-647.

[23] Rapport D J. What constitutes ecosystem health? Perspectives in Biology and Medicine, 1989, 33(1): 120-132.

[24] Rapport D J. State of ecosystem medicine//Cairns V' W, Hodson P V, Nriagu J O, eds. Contaminant Effects on Fisheries. New York: John Wiley

and Sons, 1984. 315-324.

[25] Costanza R. Toward an operational definition of ecosystem health. In:Costanza R, Norton B G, Haskell B D, eds. Ecosystem health; New goals for
environmental management. Washington DC: Island Press, 1992 239-256.

[26] FLELHE, BXSHE, W=2AE, RiJkte, MBI, thol], sk, B RGUENETNIr B, RITAESFR, 2002, 13(4) ; 486-490.

[27] #EBeW], 2200, AR ARG IS ASZER. JLat. 2 Tolk A, 2012:289-298.

http ; //www.ecologica.cn



9304 JAE = 41 4

[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]

[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]

[57]
[58]

JEl#E, oA A S RGERITN AT R, AEASRIE, 2018, 37(6) : 209-216.

A, XHE, B3l ASREGEGITH NS k. ER%H, 2001, 21(11) . 1885-1892.

Rapport D J, Thorpe C, Regier H A. Ecosystem medicine. Bulletin of the Ecological Society of American, 1979, 60(4) . 180-182.

HNED, BRIHAE. A R GEE R LEPPM R AR A k. BAR B A%k, 2002, 17(2) : 203-209.

P XLL, ffedE. AR RGN —— SR SRRk . AR FR, 2001, 12(4) : 627-629.

TERAME, F3obk, P07, W E S REMERTAS R IR ROESE. 1B -5 B AR IEMISE, 2003, (4): 63-64.

THE, X, WEKE. HHEAZENZTF R IGEERTT. ZHAFFE, 2006, 34(13) : 3225-3227.

ORa . FORA S —E S SIS, RS, 2000, 19(1) « 42-52.

W, e, ZFEE B EESSE . MARH SIS AL PEERE, 2019, 33(7) . 1-10.

5, LA, SO, A, AR RGERIHNY . kS m. AR, 2001, 21(12) : 2106-2116.

MR, Rl B A S RGN R IARR 1. IS, A2, 2002, 22(7) ; 1005-1011.

FE F PR SR, F R B B A I A% SR, GB 3838—2002 Hi 3 /K FRES B pRife. Jbat. rhEFREERLF A, 2002.

RIS, RYENE. BT IO AMLIE IR 0 B A FH SR X 02 R AEFARAE. K HARFRIIEST, 2020, 27(4) : 220-224.

TA. WA JEBE AR HE R S m VR SO ST [ D] BRI . BmEEUM R, 2017.

FRIA AL, ARYENE ) BR0G, ThiE ) XSSIE. 0B K R DX OESAREFAR T8 0 /K SCRRE. K R ORFERFST, 2017, 24(1) ¢ 135-139.

XIREAR, e RIS, BRisih, WE, SRESTR. S TIEIE M Gash KT X 1 37 P 75 XU 4% ) I AROM RS 48 BR OB, A 52 44k, 2016, 35
(11): 3118-3125.

B, R E, . JCRHIS SR R XA SRR KR OEAE. T EARRKFRIK L, 2008, (2) : 31-33, 36-36.

XSGR, R4k, . LLTTRA JE b 23 (R A A FRAEI O PERE MO 2254k, 2016, 36(3) : 153-157.

TIF, sk, RYEVE, RS, SRR, JCPHBS B2 R AR AR 5T, K HARRRIST, 2013, 20(2) ; 103-107.

rhe A\ LN [ R IR AR, HY 623—2011 XURAE Y ZREMEPPMM bR, JLTT . I HIREEO it 2012.

JRFFar, dkuki, WIER, TAH. =8 E R EE AR S RGN, RS 5L, 2018, 14(3) ¢ 19-22.

By, S, PN, SRS, AKIERSR 5K SCRTY . AN R Y Rl AR S R GOK SOIRSS . AR, 2015, 35(15) @ 5191-5196.
BRI, MO, . LT PSR A ] CORHAE S R G 5 BB IT. A, 2017, 37(24) : 8264-8274.

ZEMh, W, /N LT PSR AR 2 B m AR S R G AKAETS SRR, 2019, 40(5) - 26-31.

W, REAR, i, SO, sk A TR S REERIT N IEMT. HEERIP LA, 2008, 34(5) : 49-52, 68-68.

BRI, Hikg. WA S RS BB ISR R 1. ik 526 RS, 2002, 22(8) : 1231-1239.

R, RDA, &0, ik, TR P EELREE A S RE @M. BibEE, 2019, 17(3) « 344-351.

FE, T, 219, TR, WMHEH, S, LR e S KRG @RI, Rl 2017, 15(2) : 207-213.

TEAK, W, SRR, A/, BRJeR. 5T AR SCFR M 257 X 4 Mo W% IR R 2 1 i 25 25 (k. TE3R IS K423 . A SRR,
2020, 38(1): 12-16.

FHEA, MR, Bl 5T AR RITRZ D2 X 5 R 2R RRIE. K B AR RRE L, 2019, 39(6) : 142-148, 154-154.
BRIRG, SR, BRIE, 25T, T8, Wk, 7Rk, BT PSR ALY i ARV I A S R GBI, MR R SR, 2020, 16(3) .
25-29.

HWEE, DY, 2=, JkES. FET PSR BRI H R AU AR S RGBT, K B RRER, 2019, 39(6) ; 275-280.

Ak, XUBEE, s, IREZ, W95, BREHTE SR iR S RGN RS, KA, 2016, 37(4) : 48-54.

R, B, XL, ERUE, MBI, 28 7K. DUL TSR bR b SO A A BRIP4, i BRAF BRE#2%4), 2017, 19( 1) : 70-79.
W, g, WY, B RROTIE A A S RE TN R AR R R TR . b R KR ARRERR, 2017, 26(1) .
61-66.

T, ZE5H, Mk, FRERE, BRI BRI E T I 0 R AT FE. BeE i S 5 IAR, 2012, 42(7) : 93-100.
WA, FORSL. B OMTER B E ST, B TR R (5 B S E T RERR , 2007, 29(1) : 153-156.

Bl o, 208, AR, S, FET AT AEBORI PN LA A AR VS AR S R G R IR, A2, 2015, 35(14) ; 4907-4919.

R, HR, Bl ER A 425 D) RE PP 18 b 1A 1 ) 2 By FH—— L 1 e 76 el R0t 2\ el 4 1), MR bR “%, 2019, 17(2) .
237-243.

Mg, wES, Boet, PR, X/, MR AE S R GRS AR, tHEAEALBESE, 2009, 22(6) : 24-30.

BhETS ) BREME, T, XML, MO, ARIERE ) 9550, STEAML. JET GIS 5 RS ML 1 ZLARARIZ b A 25 RSB BEIT M. = A52p 4
7, 2019, 38(8): 2553-2563.
AT, EE, FER, BEESE. LT PSR ABIAY M =W R X AR S RGN, ACR IR, 2020, 36(4) ; 21-25, 74-74.

TRAE, WL, BB . JE T 50AR R o M 0 M2 S TR A AR, A3, 2020, 40(20) : 7132-7142.

http ; //www.ecologica.cn



