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Tab.2 Ecosystem health evaluation system

and weight in Anhui Province
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Tab.3 Ecosystem health evaluation level and

related description in Anhui Province
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Fig.3 Spatial distribution of ecosystem organization forces
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HIELS AT 0L, ZHRUE R S R G2 AT R L
EAREUS A 2 R A G 2 8] 23 A B TR S B g
AR SR, HL3 5 s A A i SR K o R AIAR
il A Y [X L 2 AR o 23 A T Ioe P e B L 3 DX
M P e L1 3 X 2 28 DI, I it B 25 2% X Bl 32 %8

OPA Tk 2 RIS R X i 2k X B, HiZ 2 28
ST X TR S E G X E A o oAb
ST DX U] LA A (i e 252 20 AR 285 i R S 20 11 [X L0y
o HH AMERRAEGIX B R A T U SR
TLHE B X LA BT BRI 5 o &5 45 g X L 4 o



55 4 9

TE 72,55 R 1980—2015 4R 25 R G R I 2= i 8

- 165 -

3 A1 T A T TRT P T DX B B T AR 43 DX L Az
TER X LT A L X SR T W X, DAL
T Fe b DX R RE T 0 B X R X, IBAbh, /S22l
PRI b Ak VP JE DX VT Fre i X g P e i 1) i IX 4
Z T A X, iy i X B[] B A AR AR (g g B
AR AR 4 A ] fid e S, e rp g BREL Ak b 43
Tz, AT IR R 0. 89 b/ B 5 25 K 24
0.73% ,MPS |4 — k{5 %y 0. 35, SHDI {f £ 0. 50,
CONTAG {H %y 63. 98, FHH 2 Ifs 2L i 4l 9k 7 5 FE A1,
bR AL B e iR I RO, 2 NRTE S Y
i, ARG AL AT, T R B AES RS
ARG 428 8 B I BRI 2 10 b
Tk, B b o A 55 /0, b/ RE b 8 6 3R 80% LA |, A
BT HAEI/NT 0.2, 5 8 55 B PR Hb (75 3% Hb
XAV L E AR R MO S R G4
FRE AR RS EF K.

2015 4, fE448 104 A B gAT X A, AR Ag B
TR IV f B AN it o AR A8 5 S 4 DX LA 43 i)
11 A 8 A 16 4~ .65 A4 A, Bt i L ar il
10.58% ,7.69% ,15.38% ,62.50% F1 3. 85% , Ifij f1
AR 13.46% ,12.89% ,16. 83% ,56. 37% FlI
0.46% . T X EL RN i 2 AR, 25 DA fe e 45
G WAERFIIRZ . Hodr, AR X A
AROUHERLE A P B AK, 29 0. 17, EEJE i F 5
XPAAZWES A 32, AT 46429 0. 87, SHDI A
#50.67,CONTAG {2y 56. 65 - BEHe i AL — 1k
{HZ7 0. 18, FR B L IX N 254 B 52 it i K, 2B )

ZREERAR, B R G UL ATE , SO
FREEUR , HE AR 28 R G FR K80 B IL T AR
BABRG @R K Re, 58092, &2l FHA
KFFEHNT 0.1, SHDI SEH{EH 24 0. 48, CONT-
AG{E2 69. 11, M/ FEHLE 358 KT 90% , A= 45 i ik
FEENZ 0. 94, 3 W 2 M DR Bl 7 5 B vy, A 45 T o
IOV, R St 28 AR B bl i SR A B v, EAN G 32
AW E T, A S RGP
3.2.2 B IE T A AE 5T

FET S Geit 25 i e 808 AN R fl e 45 90 ) T
A9 B2 BA8 1980—2015 4RAE S RS BS540
TG (B 6) . HIE 6 (a) AT LLE i, 1980—
2015 FF LA T E S R G @ LG 8 %k 0. 37
PETH 2 0. 40, (HAF 2R R 1Y) ~F- X5 £t B S5 0 bl AN
@RI T R W AdRRE . Horpr, BRI ISR B R EL A
IR B4 S R G R LR G e B T ok,
PHETFFT 0. 07, B9 40 5 47. 94% ,43. 69% Fi
41.57% o JRE BT EBRLE A 18 80R Frde It
{EARSRAT SR TT o 1300 DX, B T ER AR X P iR IX
ANE T AT I S B X, B LT B X R X, Ey
LT R L DX R B T A IX, R T B X STTIX
VLI, DL E T ) i 45 13 DX R R LR &
FEECT B, FR X 26 X AR 28 R S R K A FR
L ARREERA TR, Hd 5T R
) X EL 43 A E L T R X R 006, #5117 R
INX R 0.04, FEMi i B X % 0.03,

0.45 80 000 S
— il
0.44 70 000 P
0.43 o -
60 000 —— A
& 042 = o iR
£ o041 £ 50000 Dy e
<o = v il
& 040 /0\0 E 40 000 o kR
#0.39 * 30 000
038 s " —
— 20 000 S R .
0.37 ————— .
036 10 000 S
5 0 SN
19804F 19904 19954F 20004F 20054F 20104F 20154F 19804F 19904 19954F 20004F 20054F 20104F 20154F

Hy
(a) ZRAE TR AL

&)
(b) ZHAR %A SR T AR 1

B6 ZEE1980—2015 FAESRETHRRESGENSRREAERETLE
Fig.6 Changes in the average ecosystem health integrated index and the
area of health grade in Anhui Province, 1980—2015

55K S FIE 6 (b) I LA i, 1980—2015 44
B SR G AE R E R B A T A R
AL ARSI 2 BUR S R G R SF OZ i 12
Tte geit, It 24 A IXEERRESEG T, JolX B fd
FERERT R o RS RGN S P AMEREE SR

1 X BHOh 17 A AR TR Rk 23 367. 85 km?, %
TR 1 J DX A S B A5 A5 2 X BT &, (3 e
e T DX A AR . e, BB M
(R FREAF 90 S R AR TE, H 1980 4R 20 2555 2
$ET+ 2 2015 AR eI B RS S HEAL TR ILIX



- 166 - [ERE

2023 4§

S T 9 DX THE R T P 0 DX R i M T R BE L 3
BB aSERIET EAEREFS . NMERRERSE
AR ARG X B S A, 20 0 i T B
B NI X G N T S T R A B A FH B
FISCZE X B AL T BLUL 8 624.73 km®, TG f B 45
PIX B ERRAT S  RREAF AL AL AR IR SF
WX BEON 2 A4, 505 7N 22 g L B RN R T
PHEL AR TR 4 410.82 km’

4 bt

ARICHET LRI 1980—2015 45 i} ] Jy 51 + i
F ISR AR 3 h—AHEU—3#717 (VOR)
PRI R 2O S R GAE PPN R R, 0 2 3L
A S RG2S A RFAE , 258 U0F

1) FEZS [AIA% JRy 7 1T, 22 B4 AN it B 25 0 X L i
%, WAERHRAFHR X Bk, AR & He a3k 56.37%
H16.83% ; LRIAE LS RE SRR LE S 15
K05 Z AP R fi i Al s ) 3 A A A L B i LA
IS MIERSEEE R TP SR PN TS Cal T S
B2 L1 3t DRI g P o 11 34 DX 2 1 350 X R A f e K
IR T A I X, fid R FIAR fi e 257 2% IX 4l B
ST L 2 AR, B A 2 XL 32 2 A
X2 AN S . BILTART TSR S R G R
FIRRRES 0. 92, 0 B b i AR A5 R G AR KR
T 25 S DX EL AR R A T TR D XA R B T RS
3 DX EL AN M T X T TR L X st i
DX, DL RT3 F i XA 7 B XM R T X,
A T B X AR S R LR B 1R 52 0.17 0
BB AR AR S RSB

2) A A1 AL 77 T, 1980—2015 4F 2254 4k
A4S RGBS FOE IR T, 3L 24 X B SF
P LT EX BARREE R T 2 FHESRS
fEREZE AR EH 0.37 $271 2 0. 40, i 75 48 B K
PR fRR AR AR AR T AR . Hoh, R
M SEBE T el 25 25 2 ) A A i B 25
P EEARAR T, BT I SR EL B B A i A
BAEBRGEREL G IR TH Rk BRI A
13 AN IXEL R SRR I, T i 2 19 X B3
BB IR X B 1 R L XSS 5
X, 2 I 80 DI A 25 R G K - AR E , SRR
FRA TR

ARICAE B RETHE T 2B N P 5 RS R
GEfERR I 2 AR 0T o ANEAH R RS R G
LR BT , EAR 0l DCRIR A A A FRE S5 2 T %
RS , B H R BR B A AA @ RS g I EL o

PRIt , W7 B R G T PR 0 DX B AR B 255 G 4R BT R
AP &, B R T A ESF P IR A S R e T
AT RSy FET R T2 RUR A2 75 R G R M R
AV o BIFFEEEIE R LR il & B A P
W ORIA B A IAET A AR S R G5 DI RE S A
A —ESHE M.

2% 3Lk ( References) :

(1] Eik, BT, ke, 4. 5T PSR BRI BT 4 + 3 A4 4
RGP T]. DA A4, 2021 ,32(5) 11563 ~ 1572,
Wang T D,Cao J X,Zhao Y H,et al. Evaluation of land ecosystem
health in Shaanxi Province, Northwest China based on PSR Model
[J]. Chinese Journal of Applied Ecology,2021,32(5):1563 —
1572.

(2] BRAIT, PMRGE , X3 S S5 WA Jm) 38 78 ) 2B 25 PR BT 8000
Wik J]. A 524 ,2013,33(4) 11042 - 1050.

Chen L D,Sun R H,Liu H L. Eco — environmental effects of urban
landscape pattern changes: Progresses, problems, and perspectives
[J]. Acta Ecologica Sinica,2013,33(4) :1042 - 1050.

(3] dhsaerh  Ziples , 90008, 55 K BB RGMERIN T E—
PIRFET A XA HI [ 1], A 3524k, 2021, 41 (15) : 5998 ~
6011.

Yao Y Z,Li S T,Su M R, et al. County ecosystem health assess-
ment; A case study of 32 counties in Dongguan City, China[ J].
Acta Ecologica Sinica,2021,41(15) :5998 - 6011.

[4] Leopole A. Wilderness as a land laboratory[ J]. Living Wilderness,
1941,6(2) .3.

[5] Schaeffer D J, Herricks E E, Kerster H W. Ecosystem health .
measuring ecosystem health [ J ]. Environmental Management,
1988,12(4) :445 —455.

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

[7] Rapport D J, Costanza R, McMichael A J. Assessing ecosystem
health[ J]. Trends in Ecology & Evolution,1998,13(10) ;397 -
402.

[8] Das M,Das A,Mandal A. Research note:Ecosystem Health ( EH)
assessment of a rapidly urbanizing metropolitan city region of east-
ern India: A study on Kolkata Metropolitan area[ J]. Landscape
and Urban Planning,2020,204:103938.

[9] Xu W,He M,Meng W et al. Temporal — spatial change of China’s
coastal ecosystems health and driving factors analysis[ J]. Science
of the Total Environment,2022,845.157319.

[10] ¥ T, % 5%, £ 5%, 4. VOR CVOR #5501 T & T 5 Wb

DX S 8 SR AN o i T —— DLy BRI [T ] s
42,2018,26(3) :584 —590.
Yu H Q,Jiang Q,Wang Z J, et al. Application of VOR and CVOR
index for health assessment of desert steppe in ningxia: Taking
Yanchi County for example [ J]. Acta Agrestia Sinica, 2018, 26
(3) :584 -590.

[11] Boori M S, Choudhary K, Paringer R, et al. Ecosystem health as-
sessment based on pressure state response framework using remote
sensing and geographical information system[ J]. IOP Conference

Series : Earth and Environmental Science,2021,767 (1) :012038.



%4

4l TE 72,55 R 1980—2015 4R 25 R G R I 2= i 8

- 167 -

[12]

[14]

[15]

[16]

[17]

[18]

Das S, Pradhan B, Shit P K, et al. Assessment of wetland ecosystem
health using the pressure — state — response ( PSR) model ; A case
study of mursidabad district of West Bengal (india) [J]. Sustain-
ability,2020,12(15) :5932.

T e A WL, BB e R TR OUAR JR 23 BT 1) o 3 T R A
BERATM[T]. 2R 4254 ,2020,40(20) ;7132 - 7142.

Xu Y, Yang F,Yan C Z. Ecological health assessment of urban wet-
land in Xiong” an based on landscape pattern[ J]. Acta Ecologica
Sinica,2020,40(20) ;7132 —7142.

Wu C, Chen W. Indicator system construction and health assess-
ment of wetland ecosystem ; Taking Hongze Lake Wetland , China as
an example[ J ]. Ecological Indicators,2020,112:106164.

ik M. BET VOR KERL ATt i kA 75 R G i R 2 RPN
WH5E[D]. B . =& k4 ,2020.

Zhang Y. Multi - scale assessment of ecosystem health in Dianchi
Lake basin based on VOR model[ D]. Kunming; Yunnan Universi-
ty of Finance and Economics,2020.

% 1. L £ R B (198019901995 ,2000 ,2005
20102015 4F) [EB/OL]. ERBHEHEA AT & - B R iiEk
RYGBFEHE 0 - I FT IR 5 0, 2019. http:// gre. geo-
data. cn.

Qin F. Land use data of Anhui Province (1980—2015) , National
Science and Technology Resources Sharing Service Platform — Na-
tional Earth System Science Data Center — Middle and Lower
Yellow River Sub — Center,2019.

XUETr , RS, W AR, 55 He T R AR fb A 4 AR 35
Bt i 22 AL ] A28 4,2017,37 (13) ;4538 - 4548.
Liu Z F,Tang L N, Qiu Q Y, et al. Temporal and spatial changes in
habitat quality based on land — use change in Fujian Province[ J].
Acta Ecologica Sinica,2017,37(13) 4538 —4548.
HSHEHE, 75 1B, B I, 4. BT INVEST T 3 B2 9 X+
HOA A SO Jrp i AR S5 S Y IF S [0 ] AR 2SRy, 2021
40(2):99 -109.

Deng C X,Guo F Y,Huang D L, et al. Research on the impact of
land use and landsacpe pattern on habitat quality in Dongting Lake
area based on INVEST model [ J ]. Ecological Science, 2021 ,40
(2):99 -109.

RAEE, BB A, S5 ST A B B A IR T 10 AT
F——UR =AM i [J]. Hu R4, 2017,37 (1) 128 -
36.

Wu J S,Mao J Y, Lin Q,et al. Urban growth boundary based on the

[20]

(22]

[23]

[24]

[25]

[26]

evaluation of habitat quality ; Taking the Yangize River Delta as an
example[ J]. Scientia Geographica Sinica,2017,37(1) ;28 - 36.
W, U R 1 U0 HR T DX AR 58 B 0 ki 7 K )
A sy [ ] o FRA 22 2 2018 ,37(10) 1340 — 1351.

Dai Y Z,Li J F, Yang J X. Spatiotemporal responses of habitat
quality to urban sprawl in the Changsha metropolitan area[ J |. Pro-
gress in Geography,2018,37(10) ;1340 - 1351.

5 M0, WRELI, B B, 2. T M B O A Y 2 O AR
JBhE A AR AE [ ] A TR R BT U B 45, 2020,29 (5) -
1119 -1127.

Wu N, Chen H F, Feng C Y, et al. Spatio — temporal evolution
characteristics of habitat quality based on land cover change in An-
hui Province[ J ]. Resources and Environment in the Yangize Ba-
sin,2020,29(5) ;1119 - 1127.

Tallis H, Ricketts T, Guerry A, et al. InVEST 3.9.0 user’ s guide;
Integrated valuation of environmental services and tradeoffs [ EB/
OL].2019.

AT T, TR, 4F. JET DPSIR BERL Y = 30T A
DL ], 3554, 2021 ,41(1) :302 - 319.

Cui X Y,Fang L, Wang X R, et al. Urban eco — security assessment
in the urban agglomerations based on DPSIR model; A case study
of Yangtze River Delta,China[ J]. Acta Ecologica Sinica,2021,41
(1):302 -319.

FEENES , Sy , ik , 55 3 T b bR s TR0 A J 1 X3 A=
SRGEIEH——LUF I B o B[ T]. £ A543, 2010, 30
(1):245 -252.

Lu L Z,Zhan Y Z,Ye Y M, et al. Regional ecosystem health as-
sessment based on land use pattern: A case of study of Zhoushan
Island[ J]. Acta Ecologica Sinica,2010,30(1) ;245 -252.

%o, B, REA . KEESRE @RI —F R
TSR] A ,2007,27 (11) 4877 - 4885.

Peng J,Wang Y L, Wu J S, et al. Evaluation for regional ecosystem
health : Methodology and research progress[ J]. Acta Ecologica Sin-
ica,2007,27(11) .4877 —4885.

BAESE, W WL 4R B, 4F BET VOR BRI 2014 15 2019
A eI 2 AR AE B ST [ 1], JOZk WL T2, 2021, 51
(10) :1134 — 1141.

Li J H,Luo J,Xu Y,et al. Research on the spatiotemporal charac-
teristics of ecological health in Guangxi in 2014 and 2019 based on

VOR model[ J]. Radio Engineering,2021,51(10) :1134 - 1141.

Spatio — temporal evolution of ecosystem health
in Anhui Province from 1980 to 2015

WANG Zuo'?, WANG Meng'*, WANG Changchang', LI Hu'?, ZHANG Yun'~
(1. School of Geography and Tourism, Anhui Normal University, Wuhu 241002, China; 2. Engineering Technology Research
Center of Resources Environment and GIS, Anhui Normal University, Wuhu 241002, China)

Abstract: To explore the ecosystem health of Anhui Province in the context of modern urbanization, this study

established an ecosystem health evaluation system for Anhui Province based on time — series land use type data

using the vigour — organization — resilience ( VOR) model. Then, this study defined the weights of indicators in the
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evaluation system using the entropy weight method and evaluated the ecosystem health of Anhui Province and its
spatio — temporal evolution over the period from 1980 to 2015 on the county scale. The results show that; (1) Anhui
Province was dominated by counties with an unhealthy ecosystem, followed by counties with a subhealthy
ecosystem, both of which accounted for 56.37% and 16.83% , respectively. Spatially, the comprehensive average
multiyear health index and average multiyear health grade of Anhui Province’s ecosystem were higher in the south
and lower in the north, strongly correlating with the landform type. Areas with Healthy and very healthy ecosystems
were mostly distributed in the hilly and mountainous areas in the southern and western parts of the province. In
contrast, areas with an unhealthy ecosystem were contiguously distributed in the Huai River Plain, the Jianghuai
hilly area, and the plain area along the Yangtze River. Among, Qimen County, Huangshan City exhibited the
highest comprehensive ecosystem health index of 0. 92, and Luyang District of Hefei City displayed the lowest
comprehensive ecosystem health index of about 0. 17 ; 2) The overall ecosystem of Anhui Province showed a healthy
trend from 1980 to 2015. With 24 counties exhibiting increasing health grades and no counties displaying
decreasing health grades, the average provincial health grade increased from unhealthy to subhealthy grades.
Nevertheless, 13 counties exhibited decreasing comprehensive health index values, indicating unstable ecosystem
health levels and risks of decreasing health grades. The findings of the study can, to some extent, provide a
reference for Anhui Province to formulate reasonable land use policies, protect and manage the eco — environment,
and optimize ecosystem service functions.

Keywords: temporal and spatial evolution; ecosystem; health assessment; Anhui Province
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