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Abstract: [ Objective | The changes and impact of regional ecosystem services and ecological risks were
studied in order to provide decision-making support for the rational utilization of land resources and ecological
restoration of territorial space. [ Methods ] Landsat remote sensing images were used with the random forest
classification method of the GEE (Google Earth Engine) platform to extract land use change information for
Kunming City, Yunnan Province from 1990 to 2020. A spatial dynamic change analysis was carried out based

on the interpretation results. The equivalent factor method was used to estimate ecosystem service values. An
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ecological risk model was used to determine the change in ecological risk over time. The correlation between
ecosystem service value and ecological risk was calculated with a bivariate spatial autocorrelation model.
[Results] @ Among the land use types in Kunming City from 1990 to 2020, forest land and grassland
occupied the largest area, the area of construction land increased significantly, and the area of cultivated
land, grassland, and forest land decreased. @ The value of ecosystem services in Kunming City showed an
overall upward trend over time, with a total increase of 3.08 X 10° yuan. The effective implementation of
ecological protection policies increased the value of ecosystem services. Ecological risks during the study
period were mainly classified as medium and low risks, and accounted for 79% of the total area. The overall
average ecosystem service value decreased by 0. 12, indicating that urban economic development had
developed with little impact on the environment. @ Ecological risk had a certain impact on the change of
ecosystem service value, and with the passage of time, the area of high-value and high-risk areas gradually
decreased, and the area of low-value and low-risk areas gradually increased, without obvious extremes. [ Conclusion |
The combination of regional ecosystem service value and ecological risk can better characterize changes in
ecological environment of Kunming City caused by human activities, and provide decision-making and
management references for environmental protection and high-quality sustainable development. effectively
prevent ecological risks, and make the economic development and environmental protection of Kunming City
develop to a benign situation.

Keywords: land use land cover (LULC) ; ecological service value; ecological risk; relevance; Kunming City
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Table 1 Land use classification accuracy in Kunming City
Ay BUEKE/ Y kappa AL Ay BERKEE/ Y kappa AL A0y BRI/ Y% kappa X
1990 80.04 0.81 2001 83.56 0.80 2012 85.93 0.83
1991 80.65 0.80 2002 85.77 0.82 2013 83.02 0.80
1992 80.40 0.81 2003 83.69 0.80 2014 85.11 0.82
1993 82.12 0.82 2004 84.53 0.81 2015 86.05 0.83
1994 81.96 0.81 2005 84.15 0.80 2016 87.72 0.85
1995 80.20 0.85 2006 84.80 0.81 2017 85.10 0.82
1996 80.05 0.82 2007 84.40 0.80 2018 88.14 0.86
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1998 82.93 0.83 2009 86.67 0.84 2020 87.75 0.85
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2000 83.01 0.80 2011 83.76 0.80
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Table 2 Average ecosystem service value per unit area in Kunming City

10* yuan/km?*

A AR 55 2 Al

AT AR AR A AR GAR 55

B b s B H15 F Hh K % K ) F b
L/ 18.31 6.04 7.87 0.00 9.70 1.21
JELRE R 7.14 54.56 6.59 0.00 6.41 3.66
SRV 13.18 79.10 27.47 0.00 9.34 14.28
73k 17.76 74.52 28.56 0.00 37.72 15.56
IR SCIE Y 14.10 74.89 27.83 0.00 343.68 14.65
1 Y Ak 3 25.45 31.49 24.17 0.00 271.90 14.46
P 4 26.92 73.61 41.01 0.00 7.51 22.16
SRR/ P A E o 18.68 82.58 34.24 0.00 62.80 20.87
P g 36 2 oW 3.11 38.08 15.93 6.77 81.30 10.25
& it 144.65 514.88 213.68 6.77 830.36 120.11
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Table 3 Land use area and dynamic changes degree of land use in Kunming City from 1990 to 2020

ke i L /km® + ARk B A/ %
1990 4F 2000 4 2010 4 2020 4 19902000 4 20002010 4F 20102020 4F

HE 4 360.14 4 254,87 4 223.45 3977.78 —0.50 —0.15 —1.17
M H 9 552.71 9 580.94 9 560.83 9 441.03 0.13 —0.10 —0.57
M 6 146.71 6 137.79 5 967.23 5 803.68 —0.04 —0.81 —0.78
K I8 466.90 471.30 486.17 511.75 0.02 0.07 0.12
5 b 403.37 484.81 688.84 1193.11 0.39 0.97 2.40
] 68.73 68.74 72.19 71.23 0.00 0.02 0.00
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Table 4 Land use transfer matrix of Kunming City from 1990 to 2020 km?

5 - 2020 R it

O HE AR M H K I ) b

O 5427.82 194.06 236.51 263.48 19.17 4.46 6 145.50
x B 118.11 3 636.92 442.95 136.91 24.39 0.48 4 359.75
E g 7.25 14.11 376.13 2.02 3.66 0.19 403.37
ki_ AHL 244.01 118.48 116.47 9 033.28 36.56 1.13 9 549.93
% K3 3.38 13.07 20.87 2.84 426.47 0.14 466.77
R H 2.11 0.77 0.13 0.49 0.47 64.75 68.72
B 5 802.67 3977.42 1193.06 9 439.02 510.72 71.15 20 994.04
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Fig.2 Spatial differentiation and changes of ecosystem service value in Kunming City from 1990 to 2020
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Table S Changes in ecosystem service value of land use types in Kunming City from 1990 to 2020
+ b F 1990 4 2000 4E 2010 4F 2020 4E
2% A ESV/Jt et/ % ESV/Jt et/ ¥ ESV/Jt et/ % ESV/Jt et/ ¥
O 6.31X10° 8.75 6.16X10° 8.46 6.11X10° 8.26 5.75X10° 7.49
B 4.92X 10" 68.23 4.93X 10" 67.82 4.92X 10" 66.59 4.86> 10" 63.30
A 1.31X 10" 18.22 1.31X10" 18.03 1.28X10" 17.25 1.24 10" 16.15
M 3.20 X107 0.04 3.20X107 0.04 3.30 X107 0.04 3.50 X107 0.05
7K 1 3.35X10° 4.65 4.03X10° 5.53 5.72X10° 7.74 9.91X10° 12.90
KA HH  8.30X 107 0.11 8.30X 107 0.11 8.70 X107 0.12 8.60X 107 0.11
o3 7.21X10" 100.00 7.27X10" 100.00 7.39X 10" 100.00 7.68X 10" 100.00
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W DX T AR 2 ARG L T 22 5 K 5 PR SR R ) R

R 6 1990—2020 F R AT &SR E R & LL 5]
Table 6 Proportion of ecological risk levels in Kunming City from 1990—2020 years

P 5E Y ER FEA AR B o5 Ll / 0

A 7,
5% ER 1990 4 2000 4F 2010 4¢ 2020 4£ 1990—2020 F (i
1 [0.00,0.20) 0.20 0.21 0.21 0.23 0.19
Ii [0.20,0.40) 0.20 0.19 0.20 0.20 0.22
I [0.40,0.60) 0.38 0.39 0.38 0.37 0.38
v [0.60,0.80) 0.10 0.10 0.10 0.10 0.10
Vv [0.80,1.00] 0.12 0.11 0.11 0.10 0.10

24 EFREREMESESKNEEXEDH
1990—2020 4F R AT ESV-ER H A& LIA T
FEONEL N W E X AR T W X R, B
I ESV-ER H A A W3 X 5 1 3% X ARk
MR FE AR AN R ANt 2 DX 3 T RRUT o L 9 A 58,14 %6 ~
58.83% Z [u), &b & X Bl P o5 Ltk 8 7E 41.17% ~

41.86 %0 . A 3 DX Sl T AR LUAR A (A XU B IXC L AR B
(E— i KU X 3 fH X 4 g o i 22 AL 4 R0 —
BE o e (B e XU DT o T AR A 25 1 3 1
AR AU X 22 92 7R Aol 38 AR A i — e XU
DX ok T AR 60 2 15 el 2 o e 1 — R XU X S D
5 SR B (R D

F7 1990—2020 £ E AT ESV-ER B XM & LB ERK AT & b Fi
Table 7 Area and proportion of various types of ESV-ER autocorrelation in Kunming City from 1990 to 2020

R 1990 4 2000 4 2010 4 2020 4
ESV-ER H #f e #: . - 5 ’ 2 " 2 il /
HAR/km? B/ % A km He il / % T/ km Ll / %% WA /km® B/ %

YNGES 12 517.50 58.53 12 434.50 58.14 12 582.00 58.83 12 501.75 58.45

o FME—E X 1 046.25 4.89 1125.50 5.26 1147.25 5.36 1 305.00 6.10
L MM EERE 3 601.00 16.84 3732.25 17.45 3599.25 16.83 3 747.25 17.52
- R E— =R 3 022.75 14.13 2 951.25 13.80 2 901.25 13.57 2 784.25 13.02
EAE— MRS 1 200.25 5.61 1 144.25 5.35 1 158.00 5.41 1 049.50 4.91
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Fig.3 Spatial differentiation and changes of ecological risks in Kunming City from 1990 to 2020
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Fig.4 Autocorrelation distribution of ecosystem service value per unit area and ecological risk in Kunming City from 1990 to 2020
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