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A dynamic evaluation of regional ecosystem health using an multiple index
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Abstract: The health of regional ecosystem is the key element for sustainable socio-economic development and the base for
friendly environment. With rapid urbanization, intensification of agriculture, and industrial production, the influence of
human activities on regional ecosystems is increasingly apparent. The anthropogenic disturbances of regional ecosystems
cause a series of problems: resource destruction, environmental pollution, ecological deterioration, soil and water losses,
and frequent disasters. The evaluation of regional ecosystem health has been the hotspot of the present research in ecology.
Several indicators have been employed to measure the changes in ecosystem functions, but most of the studies are focusing
only on environmental pollutants and economical conditionals, neglecting the nonlinear process involving the comprehensive
natural and socio-economic systems at different scales. Based on the theoretical foundation of system science, landscape
ecology, and management science, we built a dynamic evaluation system, comprising one object layer, four decision layers,
and 16 criterion layers. The key indicators involving the natural, social, and economic data were employed to assess the

fitness level of the ecosystem and other four subsystems ( social system, environmental system, economical system, and risk
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system) quantitatively. In the case study, the ecosystem health of the Maoji Biosphere Reserve was evaluated by using the
proposed method. Results carried out on a 5-year scale indicated that the health condition of the social system increases but
at a modest rate and it is limited by the population health level and the happiness perception intensity. The health condition
of economic system soared to 149.5% in just 5 years, but with a significantly negative effect. Two key factors in this
subsystem, the comprehensive economic development index (with a weight of 0.0496) and the potential economic
development index (with a weight of 0.0454) , experienced a 92.4% and 5439.5% expansion, respectively. The health
condition of the nature fluctuated 15% in a peak-to-trough pattern, and it was inversely correlated with the risk system. The
biodiversity decreased, resulting in the less resilient nature subsystem. Shaking of the comprehensive socio-economic and
natural system led to the surge of the risk index in 2011.The health condition of the regional ecosystem belonged to class 111
(ordinary level) each year; positive membership degree first increased and then decreased. These results showed that the
study area progressed greatly toward achieving a harmonious society and vigorous economy in the past 5 years. Nevertheless,
the stress effect of strong human disturbance on regional ecosystem enhanced the system’s sensitivity and landscape
fragmentation mainly by the pressure from environmental contamination. The management of the Maoji Biosphere Reserve
will focus on the strategies in cultivating the natural endowment of ecology, improving the resistance of the social system,
and optimizing the economic structure. Proposed model yields satisfactory results in evaluation of fitness conditions of the
regional ecosystem in the study area. This approach plots a time spectrum of regional system change systemically, integrally,

and insistently, and it can be applied to assess other similar ecosystems.

Key Words:; regional ecosystem; risk system; integrated model; dynamic assessment; fuzzy model

DA 25 R G RR R AR H R GE N Z R IR AL o DR A7 52 88 W) 5t 5 RE W B A P, DT XY
X ZEAE ) [ AR B R alist U AR RE DR B Bt ARG e M Sl XA 2 R G ST R G
SFERYIZIET, AT LA T DR RE R A FERE AL, SR R GRS R RERT R | R RGN O SRS
RGPS R RIS GBI GV A E R S e B R TR AT BB, AT A S R ST RE
MFRBE T Z2oufl, TV R A= IR0 AR AR I A5 20 R DX MU 55 T 2 i pd o R 2 55 R e B EE B2 N
T A I A B i X A S R G AKAS R R GR I, SRR ST Z R RS R SR
R, ARk TR R R T AR, A S R SRR Z B R NS T EW . B A
R ZS R GUE R AT T T2 2R R AR PR e K SCIN R UK Sl SRS KU | SRR Rl be 2 55— R 58
Ay HTT ™ BN T 5 1R R G FLRITEIT i KR 2R 4, X 7ExT BT 2 B D) RE Y X AR 25 R ek
FTONIPIS 7 AR MEASR , ) 1 AR R 5 e PP 2 AR g i, A Ui 1) AR SR
P T B ARSI DO TN G iz RO M BRIy (GIS 23 W) 73t Je DEA 24 70 M 4 07 ik i sr e —
B XA S R GUE R 2R S SRR B AR S R G AR e &5 KB 4 DT RSl R A
JEAK P BEAT RE B MHT , 45 2R T IXIORT 155 A R B B2 225 X A A 2 AR G A BV At B AT A T

1R

1.1 XEAES RGBT R R

FIASE YA RGNS HLA | B A S AR G5 e N AR A RE R AR A AN TR AR SR ) 25 AR G 1kl
R AR T AR A2 AT A AR R S AR R B [ R SN, Y R G A B AT
PLBRAE () BB it &, B S AEAS RAC I 1 s T, 91 RS TR REE 19 5o WS 7 45 Ak, % 3R 48 T8 )3 Pk XU
P4 2 RG240 SR 5 14 2 e A AT B T DX sl 75 R 0 R BUOR R 0 b 44 R A s i i A %
£SR3 B (9 ) = (= 0 Sl e G e B N 20 U R FS 3 N
IR ERBUVES RG T AR A8 &0 3 N TFRENM S BLH TR R 450, LA B RSl sk
BDARGEE D BER A A R ACHT R 5, XU 2R G A5 73 (B8R (5, R DXl 2R 28 3R e fidt B bl B R, fh oy

http ; //www.ecologica.cn



14 1 Wb A XA S R GRS S IPN —— DL B AR AR 2 SR X 1] 3

“HRARG M RE LU RGN ARG 4 DR I AR, AR Su 455 K Horwitz %1%
12 LR S R SRR VAN SRS | 45 5 16 b 1) 2 15 B[] A S BIF 5 3 i A S DX A 25 R S A R 1A 2R (
D) A6 1A HARZ 4 DISRIZ 16 AMENZE RAHRIEbR)Z o 38 1] Delphi 25" BEA T8 by 0t 56 R 3 O30 i

Pearson FE70HT (p < 0.05) XH8ARIZ L S8R AT SR , Irist BARTEPR L 1,

x1

RFEFRFREITNIEIRME R

Table 1 The index system of constructed regional ecosystem health assessment

HENZ

Criterion Level

A—ALAE
Normalized Weight

TEbR)Z

Indicator Level

KGR ST (C1)

TEWAR (%) AEBURE (%) AKFIRAIE (%) AB PR E (mP/

Waler resourens carrvine canaci 0.1359 ) KBTI REARE (%) Bk BB (10*m’ /km? ) (K EHBEL (104
ater resources carrying capacity m3/km2)
e BB IRt (1) KPR (ha) SRR (1) B ST
BB AERE(C2) 0.0976 SV (T6) NS TR () 46 EE 2 AT ) BB
Unit Area value of wetland o 2 L3
SRAERRT A (m?)
BME R (%) KKK BUERHE (%) A SRR (m?/
FEEIHTRE ST (C3) 0.0833 N DB EE S FIER (% ) TR K EARFI I ZE (%) ALK A3 B
Environmental regulating ability ’ WHEMAIR (%) PR BF H RS 2P E(%) .,
A AR RIS AR 5 S BB R IH AR L EE (%)
WA A Z TR (C4) P TRUAAE R REE B (A/m?) IRIES R B (A/m?) KA
Biodiversity Index of lake ’ FERZ R ( e/ m? ) ISP RESE E ( %/ m? )
e A ETHAE R (%0) FETH (o) MK (%0) A LB (%o0) F
OBV (C5) 0.1174 AFTHRI (%) 3 LHERIEE (%) AT EBU A (%) SR (%) |
epuion e e ANERISE I L BEAE R (%)
ASA KT (C6) WECEHE S (7 78) A ZEFER () 7 APH B
If/bh o lovel 0.0833 () JTNIEAESSEER (PR ) SRS AR5 3 o8 B
HPe menee feve P (%) AR SR ISL BB ) RIFERF (%)
% TR R (CT) 0.0423 WHULE (%) 3o N H(%) WA (%) JEAETR (%) F7E
Harmonious development level between city and country : P16 78 35 R 1 ( %)
SEAR R (C8) 0.0601 TR BE (AR XS RIS Y KI5 Y MR IS Y IR TR SERRK T
Intensity of happiness perception ’ JEAT)
e p B (255) B (12.58) . Toll 387 (8 (2.5 31 1y
gRmERERL ) 0.0496 (L5%) A RSN (1Z6) A3 11 55h 5881 (156 | A2 —
" ’ RT3 T8/ N) B = B (5 GDP HCT (%)
2RISR ERE T (C10) 0.0276 GDP B (fL7T) THBHE DN IR (CPL) (B GDP REFE (WEFRHE 7
Sustained economic growth level ’ J6) L GDP JKFE (L K/ TTI8) AERMAL A S (N
2R R (C1) 0.0454 BAERET™ di GDP A (%) A3 GDP i (J6) \1E ) BT T %¢
Economic development potential level ’ (70) K= Ry= i et
. ot LREBAE(F) SFrEsic Ml 2 (5 7T AHA Ll BAR A 5
MBI () 0.0285 () BPEHAR S IS 1 %) PR 5029 ol 25
& ' AT (%) BEFHHOR L= Toll B H R (%)
R R L2 A G R
LR BRES ARG 0.0163 A BBl 5L K FE AT 20 A B 5 B AT B )
omprehensive index of land use change
Kl (%) JEREIRZE( %) MeEH (dB) BRHEGRE (1) JBKHEL
FMEHLm A (E(C14) 0.0622 () JEACHECR () BRI 3 HE R (t) IR BOUR S A
Triggering value of landscape crisis ' (F) K FEFHCRAEWREL(R) BAR K (T170) ACEFHOR EREL(K)
B (T18) ALIC GDP i BUA: 7 % A BT (%)
IKAATE AR EL(C15) 0.0443 TN(pg/L) TP (pg/L) \NH;-N(mg/L) .BOD(mg/L) ,COD(mg/L) .DO
Water pollution index ’ () (/L) ¢
WE SRR (C16) 0.0283 TN(pg/L) (TP (pg/L) . SD (iBH &) (em),COD (mg/L) M £ FK

Eutrophication index

(Chlo) (mg/m?)

. PR PRUCIIR (80 o B 55 BRI A 1 d, 2R A5 2 it g 300 d, L2 THE e T0E A T 1/3;b: FT G AR THESE 0 1K 55 A
SRICE (VAWK A B 511 B R G B W4 AERRTEAR s o: Do Wi dihs AL ABUBIERIT (8-5,)/(8-C,) HEATHEM.

http ; //www.ecologica.cn



4 A E = 36 &

FIAR ARS8 (B1) (i HEE S K B IORE T, A S RGUIR S5 BT, SREE IR 1Y RE I AR AW RE T 4 DR AEREAT
5B S K BEIRRE ) (1) 2 it DX 3ok B U5 AT R LA S B P ek 2 2 U R SR R 1 T i b
PRI R > BEA T 5 AR 2SR S5 B 0 T S e DX 1 AR B U A 0 A 77 /K2 2 B i B R A A 5 X
(¥ T, LR B TR (C2) O SRR s BRI T AR ) ((C3) RORE XI5 W X M SR Bl i) A
PR RE T O R PR B AR AR HEA TINBCR AR 3R (36 1) s AR W PR MR A HS A AR BEIR A ™ T A
TP R ) A NI A M 2R L (C4) TP R ROR

F2e R G0 (B2) (AL AR N PR KT A SRR 55 KT 3 S R & TR KT R AR S A R K
A AT, e @K (CS) ASUARSS K- (C6) Rk & Rl A /KT (C7) TR kAl €3, #E 1L
FEBR UL 1, BRAR FAR IR /K T30 5t 2 AR A5 (C8) 1 R

ZUFRGL(B3) il 2 KRR, 25T Al RS A R RE ST, Ut KR I MR BIFTRE 1 4 NRIEHEAT 2
SO0 R i R RSN FH R G A R SRR B (CO) PV R, AU AT RS R SR RE S (C10) [ T DEA 2K
SRR A TR RIS (C1L) I IS ) R AT 2 5 R B e 1 2 (C12) TR IR €3,

IR 22 5 ( B4 ) 445 Lt R ) SRoAE ALk A FD K B0 YK OF A 't 8 3R Ak KP4 O >, 1
o b R FE R T N - 3 RS PR EE R R A (C13) Y 3R s S M ML & L ( C14) R B i IR S R SRR
TS, Sa b (B s , R GE TP AL A 25 S AP g, o o e A [R] 2R 48 45 oA R 1 i EA T ISR Rk 3
AN ) A6 bRk OB AU R/l I % AT 23 3R A KBTS B oK1 SR K AR 75 B 4 50 ( Nemerow 45 %0)
(C15) 13RI s BT R & BRI R (C16) P R ER,

X B A F S A

(g T g T
B KTEARACD i oa TADEEOKECS) o | SRGAREENCY) L DRRBREGAREC))
z [eRmpaC) | oz [AMREKEC) | oz [ AFTRSEERNCI) z [ RWEHBEHECHYH
g [THBERERACH | g [ASMEREATC) 5 | SREEEAC) % [ KKTERIERCIS)

B [CWARSERERSCH: B2 [T FRBAEECS) | B [ AHGHENC) B4 [ | EmEIIEHB(CIO)

1 REBESRFERRSEFENGER (L LANSTREE)

Fig.1 System structure of evaluation index of regional ecosystem health
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Table 2 Rating system of assessment index of regional ecosystem health
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Fig.3 The dynamic changes in multi-indicators assessment of regional ecosystem at 5 years scale
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