545 B 2 W KEXZFRZE Vol.45, No.2
2024 4F 31 Journal of Hydroecology Mar. 2024

DOI:10.15928/j.1674-3075.202202090034

ET=URBHNERT =

FhokFp 1 W R R TR
(LZHRYAFAA SR, 78 B

W A A RS XUBE TE AL S A

&L EEMFT

AR

650201 ;

2RV KRFARLREAFHEATIEFEFR G, =8 B 650201;

3. HAMYT MeRARAG, =/ BN

650218;

LZERYRFRESHIREF R, 28 BH  650201)

FEE : DRI W7 B B A B R FEIX P AR 2 AURIR O HEAT B 7, 4878 3 20 AR AR 28 UL RFAE . X
2000—2020 4 11 - b 1) P 2500 330 47 45 (8] FE R , 585 T SOU0RS J53 8 B v A8 245 XU 2 R F 2 1) 19 AH 5 20 A Hh 42
THEE AT B O R 2 7 IR TR 78 IX P S SR AR AL AE DA R 2R 28 IS AR AT IR 70 . S5 IR R (DS R E
N 235 By 5 S0 S HL 1) 2 5 V5 S TR ATE 30 P R R e g 2 s A T e Rl P TR 20 4F L 2 BT, 1 2000 4F
B9 0.55 BEK 3 2020 =1 0.93 5 (2) 4= 25 XU % Jai 76 25 [A] 1 52 3042 5 1E 41 9%, Moran's T8 %0 H 2000 4E 1) 0.522 N 4%
2022 4F ¥ 0.513 , 2 BRI 70 X P S50 W0 A 2 XU L 2% () 3 AT b (R AR PR a0 35 , 4% i ] ek o A1 s DI A X A 22
SRR AR S R 05 T 5 TR BRI 34 LA 25 AR % =) 8o 8 A 1) DG R (i 8 5 ot IR [X 2 B 7 A 7R A0 5 X AL 1)
FRE b HT DL LA TA I R, 20 4R THIARIE N T 6 212.07 hm?, B 7045 5L AT s K SR IET K AR5 22 A R & vk S 3

(ESELD

KGR« LA s SRR SR 5 B AR AEZEMA I 5 23 8] B AR O gt T2 s IR

FESKE PI01; X144  TERERERD:A
AR 25 RS PP A2 DA X S8 AE 38 R 4052 A1 S i
AT REF= AR T RS 7 1, R AR RGAENNH
T T AR IE BUWAS B R AT VP4l (] 9595 %,
2019). 4HT— RIS RS RN R K AR FPE
W ER R G NFOUIKF S 2 IR ) S AR 7 AL RS B
67 R b1 e P8 S B e S LA 95 1 e R s e S g e
ity 2B 25 UG 5 A H Rk 2 7 VR 4R A R U V6 48 it , X 3R
A BRI XA AP R AT E e (Y AR,
2017). AT LT T NIREE R (B 55,
2012) EI 5 AR (K 2% 755 5 2015) I PPAN I FE , JRUE
5 EH R — XS R 3% A8 Ry 22 B XU R (Landis , 2003) , P
W 57T SR AT B X A8 i a8 IRV /N X DR R
& M k% (Wallack & Hope,2002), PEA % % 32 504 1 4%
(Chen et al, 2018).fifiHh LA S /K855 (Corsi et al, 2020).
SO AR 25 AR PR R T X 30 A R AN, &
B Y X3 2 e o B ROBE AR, 5 v IR P B

Wrfs B #8:2022-02-09  {&[E HH#F:2024-02-29

EEUWH: 2 MAHH TREEE TR 4:(2022Y288)

PEFZ I : PNDK T, 1998 4E42 , Lo, FE M EHF 5E A2, B 72 05 1
TR 5B IE K . E-mail:1615572056@qq.com

WIS 1R 2R, 198044, 53, i+, Bl WUy ey s
VHSHEEK. E-mail:wenniforever@126.com

XEHRES:1674-3075(2024)02-0054-09

70 AR LR RE 8 2 RS JR 0 AR A D RE S I R )
PR 2T 5 T A% G DX 35k AR 25 KU DA i 00 25 £ ot
T A A PR B R AR KRS 1) B VR AN (B2 5 2015).
DRI 3t 50 A 28 XU V7 0 38 3T 52 B VF 22 2 B I K
L VRO D5 R e 3 (H SGBSE,2021) . 1Y)
RN E AR A B B R BT e A EG, Hig
A1 77 1] PR R 5 B A S TA) AR AR 1 F A, DT b
SRS B A T 30 5 0 AR A XU 11 I 2 8 AR (52
S FEF IR, 2018).

TR =748 TR T N PR L B TR
RO TR o LR P v S U Y B L TR K R R R 4T 1)
TERFNF 26 AF , BN I8 % e 1 B IR (SRR AR 5E
2009). SR, B X T 2 B i JEva , JU IR RIR 5
TV ) AR A R R FEARR L = o AR SC R R 3
T =W AR SO R BT AR A KRR L, 48
NI 20 A AR A KU T AL AL, N TR BRI K
A AR PR R SRR
1 #REFE
1.1 HARXEER

CEWATRBA T EBR T RS EAETIX,
AL FE AL 2 = AT R (B D, s A 4
150 491.07 hm?.  H AL & T FE BV LHUS ALK



2024 455 2 3]

FhekEE, T RS R U R T A A KU AT 55

F e R R K AR K s B = )1 X
(1) v S P VR PR K, P340 K TR 7 m, JR BRI R A
VLK ZR DR KI5 5 Ack FEE T A2 e i L1581 R AR A
R A , YK IR 4 m, BRI TR T K &R .
1.2 HiEKR

3t R FH R R GO 2 A 7 ) v ] L
FH 78 %% B4 45 (Yang & Huang, 2021), 1% 508 s A4 K
[ 1% T GlobaLand 30 55 ¥4 7 i o W 90X 43 N #f
PRI AR R B R KA g 3R A M A 6 b U
KA A SR H SWAT B8 AT sk 77, %
LI A H ARG

0204+ 1| T
S
5w W

At
m
o EA R
-k
-

5km
[

E1 HARRAE
Fig.1 Schematic map of the study area
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Tab.1 Calculated landscape pattern indices for each land type

UK Fh FERA . PR /hm? R R R E TIE  EEE PR
2000 6522 60285.87 0.1082 0.2598 0.3238 0.1968 0.1905 0.0375
2004 6057 59681.88 0.1015 0.2529 0.3153 0.1897 0.1905 0.0361
. 2008 6178 55563.84 0.1112 0.2744 0.3095 0.1998 0.1905 0.0381
2012 6163 55271.61 0.1115 0.2755 0.3014 0.1987 0.1905 0.0378
2016 5384 56492.73 0.0953 0.2519 0.2837 0.1800 0.1905 0.0343
2020 4911 56003.40 0.0877 0.2427 0.2786 0.1724 0.1905 0.0328
2000 3634 40304.79 0.0902 0.2901 0.1982 0.1718 0.0952 0.0164
2004 3601 40619.16 0.0887 0.2866 0.2011 0.1705 0.0952 0.0162
ot 2008 3172 45843.21 0.0692 0.2383 0.2049 0.1471 0.0952 0.0140
2012 3186 46237.05 0.0689 0.2368 0.2027 0.1460 0.0952 0.0139
2016 3264 47419.83 0.0688 0.2337 0.2070 0.1459 0.0952 0.0139
2020 3093 48016.53 0.0644 0.2247 0.2093 0.1415 0.0952 0.0135
2000 2973 2102.76 1.4139 5.0298 0.0801 22319 0.2381 0.5314
2004 2751 2116.98 1.2995 4.8059 0.0768 2.1069 0.2381 0.5016
WA 2008 2678 2182.59 1.2270 4.5992 0.0760 2.0084 0.2381 0.4782
2012 2997 2592.00 1.1563 4.0969 0.0820 1.8236 0.2381 0.4342
2016 2905 2652.12 1.0954 3.9421 0.0791 1.7461 0.2381 0.4157
2020 2790 2659.77 1.0490 3.8521 0.0808 1.6963 0.2381 0.4039
2000 9287 16828.29 0.5519 1.1108 0.2776 0.6647 0.1429 0.0950
2004 9227 16736.22 0.5513 1.1133 0.2832 0.6663 0.1429 0.0952
g 2008 9270 15123.69 0.6129 1.2349 0.2830 0.7335 0.1429 0.1048
2012 9952 14598.45 0.6817 1.3255 0.2882 0.7962 0.1429 0.1137
2016 10914 12560.85 0.8689 1.6133 0.3042 0.9793 0.1429 0.1399
2020 10373 11181.42 0.9277 1.7669 0.3038 1.0547 0.1429 0.1507
2000 275 29221.38 0.0094 0.1101 0.0846 0.0546 0.2857 0.0156
2004 282 29097.90 0.0097 0.1119 0.0846 0.0554 0.2857 0.0158
2008 285 28954.89 0.0098 0.1131 0.0844 0.0557 0.2857 0.0159
ik 2012 296 28514.25 0.0104 0.1170 0.0832 0.0569 0.2857 0.0163
2016 360 27731.25 0.0130 0.1327 0.0826 0.0628 0.2857 0.0180
2020 256 28583.55 0.0090 0.1086 0.0827 0.0536 0.2857 0.0153
2000 1238 1761.39 0.7029 3.8748 0.0357 1.5210 0.0476 0.0724
2004 1277 2252.34 0.5670 3.0776 0.0390 1.2146 0.0476 0.0578
2008 1320 2836.26 0.4654 2.4848 0.0421 0.9866 0.0476 0.0470
SR BT
2012 1344 3291.12 0.4084 2.1607 0.0424 0.8609 0.0476 0.0410
2016 1357 3647.70 0.3720 1.9589 0.0434 0.7824 0.0476 0.0373
2020 1284 4059.81 0.3163 1.7121 0.0447 0.6807 0.0476 0.0324
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AR BRI LE /N T 0.25, 3F B ERT EL A 3% 1 45 1)
HAH G, JE & 18 78 R AR 2 (1 38 30 e B GRX B 45
2019),2000-2020 4F [ 57 X 3 S {E FE AR . A FE
REAR 7N IAL I8 P AR 28 RS PR EICRAT: s 10 B K 2 ] AH G
P B (K S RN D 25 5 2013) , BF 5T X AR FE I KT
7 500.00, Tt FH AR 25 S FEIX S AE A B 2 (A AH G
AR 2= A8 S o IORE L 40 25 RARTRI S 1R XU 7
DX PR AR S RS F8 2, 14T o0 R A A AN — 1 Ak 3,
ShE ORI sEoRe A A U RI 23 5 AN S, 43 AR
KEEXCT ,0.15<ERD, HEKFEIX (1T ,0.15<ERI<0.25) ,
e XU X CIT, 0.25<ERI<0.35) , & KR X IV, 0.35<
ERI<0.55) , i KU X ( V, 0.55<ERI<0.1) , 73 | 7T
(X ERI )75 8] 73 A o AR P 2 W 21 v RUR: X AE BT 7T
DX AL AR R b DA R 3 ] BRI A 43 A, 22 4R T
FRZEHE 0, HH 2000 4E 1 4 740.66 hm2 3K 31 2020 4

R2 ESNREHFTRABUEASH

Tab.2 Fitting parameters of the semi—variance function for the ecological risk index

A | HegfE E e Bkt A RSS R?

2000 FEHE Y 0.0007 0.0039 0.1730 9390.00 2.06E-07 0.9360
2004 EFE it 0.0014 0.0038 0.3779 13020.00 1.30E-07 0.9540
2008 EiFR Tt 0.0005 0.0039 0.1218 8460.00 3.12E-07 0.8960
2012 Fe R 0.0005 0.0039 0.1282 8550.00 3.28E-07 0.8930
2016 TR 0.0006 0.0039 0.1649 8790.00 3.09E-07 0.8930
2020 R 0.0005 0.0040 0.1288 7890.00 2.79E-07 0.9000
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Fig.2 Spatial distribution of the landscape ecological risk in the three lakes basin
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)10 952.73 hm?; 91 1= XU X P o5 T A2 H 2000 4
36 182.07 hm? JF 46 1& 436 10, 7 2010 4714 21 & U¢
64 236.06 hm? J5 SXZHHED , 9800 3843 3 2 ) o RS
e s v KU X IRITAR AR S5 2 AH R, 20 104F I8 B B 1K
1% 33 814.62 hm?, (5 W 78 X S AR 1] 22.49%, 2| 2020
RN F 48 024.27 hm?, (5 G T FR Y 31.94%; HHAK R
I8 5 PRI IX 3k 3= B2 40 AT AE WAV S R

A b ) 3 Ak A S RV K R s K (7 A 4%
2016). MR 3 0] A1, B 32 AL T A XU X L
T AR 72 32 3798 /0, 1 2000 4E () 7 555.86 hm? [# &
2020 1 5 320.44 hm? ; N5 5 3 B0 A 6 4k T
rh IR DX R HR i XU X5 2000—-2012 4, Hh s KU X
S5 P T AR R T BE 0, 12 4R R BS A0 T 15 647.31 hm?,
1H 20 T ek 2 5 ) R R AR AR XU [X 6 A% 5 B
PR DA R B S W 2R AL 5 57 B A RS, AN BE T
7% ) P B 5 A A A A 1
222 ARFEE B ME 4% A HHM K Moran’s 1
FRAORT DA B DX 35k 2 [) A AFACL R 12 1)1 3 B TR AR
(RIS, 2015). FRHE K 3 7] %1 2000-2020 4 [8) % 1
Moran’s T ¥ KT 0.5, FLilL P=0. 01 /K P 5 2%

PE A 56, U6 B AR S KUK FE B (A] | 2R 2 IR A K.
2000—2012 4 Moran’s I #§ % M 0.522 1% ¥ | 7t 2
0.536,2012-2020 321 K FF 3 0.513, R 5OWAES
PR A 7E 25 18] 23 A (R ARG 2 K 55 5 2 T e ) 12k %
1%, NI Bl 52 ma A 25 KRS 8 800 2 B A% )=y, S B0
SR AL ) 3 51 I U (R IR S, 2022) . #5 AR S 22y
AAE“ =i R MRAR R E R R AN — R
PRER R ZEFE AR, 37 o JRIGE X 338 P 2 2 XU A 22
TR S 28 = R PR A X TR A, R AR ARG [X 3 PN A=
A8 AR 22 S50/ o AT PSS, DX 3t JH A DX 3 P .
223 mEEE AR N BRI ES KA
25 1] B PR QB B2 AN AR SRARFAE , B FH GeoDa 3 {1t 5
Je 38 7 B) A D6 B 22 FR 4, B LR 35 /K F P=0.05 1t
AT 2 2000-2020 4 1% 17 =317 & Y LISA
REE 4 . RIS F AT FIHE 7T IX N -7 AR
FEARFRE , 1 B A AR B 5T X AL AT B ) v
A2 RS, DX 5, %350 73 AR BE 23 A X 45, 50U e
55, N IBARE I 22 , SOMA 2R BERUK o “AR—IK 7 SR 4R
(180 DX 32 53 A7 72 A2 25 AU AR 1) /K 38R 4 1 X a2
NBETFIIN , oA B R PR

*3 BESNERERMEERS%H  hm?
Tab.3 Distribution of land types by ecological risk level

b ERI %4 il i HEA I SR M st KK
I 459.81 1439.28 31.32 3.6 5108.13 21550.05
I 2032.74 9750.51 169.92 193.5 9713.34 5568.39
2000 ] 5814 31690.44 463.68 1223.64 12857.22 1361.07
v 7555.86 15812.64 953.01 336.15 10787.85 736.56
\ 940.32 1536.48 484.29 4.5 1770.12 4.95
I 333.18 1191.42 18.09 0.81 4800.24 20163.06
I 1702.53 8450.28 131.22 206.73 8716.32 6409.26
2004 ] 4876.02 28393.47 429.39 1292.67 12697.83 1540.53
v 8766.9 20067.12 1059.75 740.79 12535.02 969.39
\ 1029.69 1525.41 478.17 11.34 1801.44 15.3
I 200.88 787.05 11.43 - 4131.99 16799.22
I 986.67 4877.82 99.09 109.98 8500.95 7940.07
2008 I 3171.87 17081.1 423.63 704.79 13373.28 2863.8
v 9032.13 29776.95 952.74 2006.19 16744.59 1248.48
\ 1708.11 2990.79 695.61 15.21 3015.99 102.96
I 165.33 756.72 19.62 - 3658.86 16125.75
I 740.97 3889.8 110.34 112.77 7562.43 7618.5
2012 It 2591.1 14752.89 455.31 664.65 12870.54 3184.47
v 8738.46 31459.95 1130.85 2482.47 18241.11 1467.27
\ 2339.55 4361.58 875.52 31.14 3827.52 117.9
I 236.43 1593.72 38.7 0.54 5321.79 17133.93
| 1114.56 8892.72 243.72 283.5 10537.02 7064.19
2016 ] 3436.83 25276.5 577.26 1663.47 14781.69 2398.77
v 6152.31 17684.01 952.92 1686.69 13611.69 1043.55
\ 1603.53 2986.92 839.25 13.41 3093.3 90.45
I 152.82 1180.62 31.14 0.09 4786.65 18623.43
I 645.57 5926.86 125.73 167.13 10266.48 7099.29
2020 ] 2347.47 25793.1 451.26 1859.04 15571.71 2001.69
v 5320.44 19161.9 1060.38 1955.61 14086.71 785.52
Vv 2700.45 3879.18 990.9 77.76 3231.18 73.26
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Fig.3 Moran scatter plot of landscape ecological risk in the three lakes basin
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Fig.4 LISA map of local spatial autocorrelation of ecological risks in the three lakes basin
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2.3 AKX BTN EREFES T

bt 22 W (Standard deviational ellipse, SDE) fig
g AE R SO I 06 RIK 25 8] 23 A7 22 T, $ 7~ B
BERRHIE R AR, 2020)0  ARSCIEFE 6 M TH]T RORIR T
AR S R AR AE ZE AR 5 7017 5 DL T AT 58 DX AR 25 XU B
O TS AIRE e e . FHER 4 0] 0, BT IX A bR

HEZEMA AR 2 W BARAY,, 2012 A IR THI AR A K, A
115 152.8969 hm?, It 52N B s il 52 21 fe o
TR TR, HEE 2016455355 10.7078 km;
y il [R]AE AR 2 AR O E AR A, 2012 4F IA B 5
33.0617 km W[5 1 77 57 F U 42 8 7E 20°~25°, B 7R
bRy ), A S BB 2 5°, fmA R LA/

Tab.4 Elliptic coefficients of the standard deviation

oy L x AR Hy AL FR x fli/km v ili/km THAR /km? EFE /e
2000 102.8325 24.4317 10.7775 31.5219 106709.5736 25.1067
2004 102.8262 24.4390 10.8324 32.7771 111522.8843 22.2113
2008 102.8356 24.4296 10.7784 31.3829 106248.1246 22.6166
2012 102.8257 24.4395 11.0887 33.06017 115152.8969 24.2232
2016 102.8320 24.4439 10.7078 31.9245 107373.0677 21.3832
2020 102.8162 24.4272 10.7181 31.0858 104653.9149 20.2208
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Fig.5 Ellipse distribution of the standard deviation

of the ecological risk and the shift of gravity center
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Ecological Risk Evolution of Three Lakes in Yuxi City Based

on Landscape Pattern
SUN Yong-qi'?, LI Yue-han'?, LI Qiang-jun®, CHEN Yong-zhi’,
LIU Shi-xin**, LI Yan-long?, LI Jian-hua'~

(1. College of Water Conservancy, Yunnan Agricultural University, Kunming 650201, P.R. China;
2. Engineering Research Center of Land and Resources Science and Technology, Kunming 650201, P.R. China;
3. Yunnan Geology and Mineral Survey Institute Co. LTD, Kunming 650218, P.R. China;
4. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, P.R. China)

Abstract: The three lakes including the Fuxian, Xingyun and Qilu Lakes in Yuxi City, comprise the
unique plateau lake group of Yunnan Province, and the unique geographical and resource advantages
of the three lakes make it an important foundation for the socio—economic development of Yuxi City.
In this study, the three lakes basin was selected as case study, and we explored the ecological risk
evolution over 20 years in the study area. The land use data of the Three Lakes basin during 2000—
2020 were used for the study, and the investigated area consisted of six land use types, including
farmland, forest, shrub land, grass land, water area and building land. An ecological risk model was
established based on the landscape pattern index, and the spatial autocorrelation analysis, geostatistical
analysis, and centre—of—gravity shift were used to investigate the characteristics of landscape pattern
changes and reveal the ecological risk evolution in the study area. Results show that: (1) The separa-
tion degree of building land due to social development and human activities presented a linear de-
creasing trend during the study period, while the fragmentation degree of grassland showed an up-
ward trend over the 20 years, from 0.55 in 2000 to 0.93 in 2020. (2) The ecological risk pattern
showed a significant positive correlation in space, with decreased Moran’s I index from 0.522 in
2000 to 0.513 in 2022, indicating that the spatial distribution of ecological risk values in the study ar-
ea was less dependent and the spatial convergence was gradually reduced. (3) The ecological risk in
the study area increased first and then decreased over the years and the center of gravity of the eco-
logical risk pattern shifted to the southwest, and the high—risk areas were primarily distributed in the
forest and grassland zone and the area around the lake in the north of the study area, and the high—
risk areas increased by 6 212.07 hm? in 20 years. Our study will provide support for the decision
making of resource development and ecological safety protection in the basin.

Key words: ecological risk; landscape pattern indices; standard deviation ellipse; space autocorrelation;

geostatistics; Yuxi City



