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Abstract: Mining will destroy and occupy a large amount of land resources and cause lasting negative impact on ecologic-
al environment, so it is urgent to evaluate the change of ecological environment quality in mining area. In order to accur-
ately monitor the ecological environment quality of the mining area, this study took 24 annual Landsat images of the
Zhangjiamao Mining area from 2000 to 2023 as the basic data, and calculated four ecological indicators of NDVI (Nor-
malized Difference Vegetation Index, NDVI), WET (Humidity Index, WET), LST (Land Surface Temperature, LST) and
NDBSI (Normalized Differential Build-up and bare Soil Index, NDBSI). In addition, four population intelligent optimiza-
tion algorithms including the Fruit Fly Optimization Algorithm-Projection Pursuit Clustering (FOA—-PPC), the Particle
Swarm Optimization-Projection Pursuit Clustering (PSO-PPC), the Grey Wolf Optimizer-Projection Pursuit Clustering
(GWO-PPC) and the Dung Beetle Optimizer-Projection Pursuit Clustering (DBO-PPC) were used to derive the ecologic-
al environment quality evaluation method in the mining area, and the average correlation was used to verify the accuracy.
The results showed that: (D) The average correlation and intra class aggregation of the DBO-PPC model are higher than
those of the PSO-PPC model, FOA-PPC model, and GWO-PPC model, and are closer to the EI index, indicating that the
DBO-PPC model can better evaluate the ecological environment of the study area; (2) Based on the DBO-PPC model, the
average ecological and environmental quality of the Zhangjiamao mining area from 2000 to 2023 is about 0.4, and the eco-
logical and environmental quality is mainly poor or relatively poor, accounting for about 55.94% of the total area. In terms
of space, the ecological environment of the Changjiagou Reservoir is superior during the study period. The ecological en-
vironment in the northeastern and central areas of the mining area is better, with more vegetation coverage. (3) The propor-
tion of subsidence area in the mining area is 81.28%, and the maximum subsidence is —0.15 m. Subsidence in the coal ex-
traction area is significantly higher than that in the whole mining area, accounting for 89.56% of the coal extraction area,
and the ecological environment quality decreases at a rate of —0.000 4, indicating that mining activities cause surface sub-
sidence in the study area, which further affects the ecological environment. To sum up, the DBO-PPC model has a strong
rationality in monitoring and evaluating the ecological environment quality in the mining areas, so as to provide technical

means for the sustainable development of ecological environment in the mining areas.
Key words: Swarm intelligent optimization algorithm; projection pursuit; DBO-PPC; ecological environment evalu-
ation
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Table 2 The average correlation between different metrics and the four algorithms

- SHIERR ST %
LST NDBSI NDVI WET DBO-PPC FOA-PPC GWO-PPC PSO-PPC

2000 0.711 4 0.723 1 0.702 4 0.694 6 0.800 2 0.364 0 0.738 4 0.800 2
2001 0.3912 0.324 6 0.154 8 0.2971 0.5358 05110 0.5112 0.5358
2002 0.5573 0.516 0 0.480 0 0.604 7 0.692 6 0.606 3 0.606 3 0.692 2
2003 0.752 3 0.799 2 0.761 8 0.746 3 0.8553 0.8109 0.8109 0.848 0
2004 0.719 2 0.6579 0.7151 0.6957 0.8192 0.761 8 0.761 8 0.8192
2005 0.5854 0.600 2 0.524 6 0.586 4 0.708 0 0.630 7 0.630 7 0.708 0
2006 0.7129 0.700 5 0.672 9 0.703 5 0.8147 0.757 4 0.757 4 0.8147
2007 0.663 7 0.579 1 0.5879 0.6732 0.771 9 0.6958 0.695 8 0.771 9
2008 0.726 6 0.749 8 0.665 9 0.714 6 0.820 1 0.764 1 0.764 1 0.820 1
2009 0.606 3 0.6120 0.578 6 0.579 6 0.723 5 0.638 8 0.638 8 0.723 5
2010 0.6149 0478 8 0.5162 05729 0.7170 0.6326 0.632 6 0.705 7
2011 0.7272 0.760 7 0.696 7 0.713 8 0.849 1 0.813 4 0.813 4 0.849 1
2012 0.262 1 0.148 5 0.169 4 0.2593 0.481 6 0.496 5 0.496 5 0.480 8
2013 0.765 8 0.8202 0.709 8 0.740 2 0.868 4 0.843 7 0.843 7 0.868 4
2014 0.807 5 0.846 9 0.730 1 0.797 1 0.893 6 0.876 3 0.876 3 0.893 6
2015 0.668 8 0.757 6 0.5307 0.646 0 0.8172 0.793 4 0.793 4 0.8172
2016 0.6555 0.664 9 0.608 4 0.670 5 0.784 6 0.729 2 0.729 2 0.784 6
2017 0.363 4 0.6319 0.458 8 0.538 3 0.640 0 0.436 5 0.436 5 0.640 0
2018 0.727 5 0.793 9 0.668 2 0.7358 0.864 3 0.843 0 0.8430 0.864 3
2019 0.726 0 0.757 6 0.606 0 0.713 1 0.8374 0.806 6 0.806 6 0.8374
2020 0.639 8 0.633 3 0.605 4 0.689 1 0.7819 0.7223 0.722 3 0.7819
2021 0.678 0 0.773 8 0.578 1 0.7142 0.823 1 0.791 4 0.791 4 0.8231
2022 0.6141 0.749 8 0.604 8 0.7391 0.806 8 0.762 1 0.762 1 0.806 8
2023 0.628 4 0.746 8 0.584 1 0.738 8 0.804 2 0.751 6 0.7515 0.804 2
iy 0.6377 0.659 5 0.579 6 0.648 5 0.771 3 0.701 6 0.7172 0.770 4

R3I HEXAREENMEB/SBELLR
Table 3 Comparison of clustering degree and global

dispersion degree within the algorithm class

®4 4MEEE EHEHRIIILL

Table 4 Comparison between four algorithms and EI index

Hk DBO-PPC  FOA-PPC  GWO-PPC  PSO-PPC
EHNREE 664887 66.401 0 66.375 6 66.485 7
SR 2.072 6 2.0759 2.0750 2.074 6

F] 0~100, I8 H5 B 47 %F L. Hi3& 4 I, RSEI
5 EI{E AH 22 % K ; 2019 4=, DBO-PPC 4l PSO-PPC
B Bl ;2020 4EF1 2022 4F DBO-PPC #1 PSO-PPC

FYTT A 25 R 7E BI Y BN ; 2021 4F, B8k FOA-PPC
1 GWO-PPC & EI ¥ i1, {H DBO-PPC 4l PSO-PPC

(3154 45 B 5 FOA-PPC 1 GWO-PPC #H 22 %% /)N
2% IR, FOA-PPC #l GWO-PPC f¥it8.45 % 5 EI
AT

Syl 20194 20204 20214 20224

EI 30~40 30~40 40~55 40~55
DBO-PPC 41.92 37.71 39.11 46.76
PSO-PPC 41.92 37.71 39.11 46.76
GWO-PPC .12 40.30 39.40 45.99
FOA-PPC 42.11 40.29 39.40 45.99
RSEI 45.99 37.22 34.97 47.48

32 FRESHERERZHH

T DBO-PPC BEAIPEAR A 5K S b i X AR S A
NSRS B O, WA 3 Fos . sk bie X 4
AIEE T DL 22 AL 22 55 90 ol 3, 349 5 L4 i ok
29.44% F1 26.05%, K FZ)H 55.49%, 249 557 X 4 3T
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—2 TR AR R AT TR LT
19.98% F1 13.07%, HRAEGIHF 5 /b, 2978 11.45%;
A AR D7 T, 2 5 T ARULE SR I U B0 R R AN,
2009 4F K Az R 01 Bl s Bl A E R 7 B nsE 2010—
2020 4 2 SFR I FUE R IR, 2020 4F 2
LR AL b HE IR B K AN 35.88%, 22 Jn 2245 4% i X
B TR, X TRE S X ARSI R A %5 3
2255 PR RRAR AV B U BB N, SR HT S TR L A3
K 25.99% F1 26.09%:; H %5 T FAR IR BE R, TH
U el 2000 4F 14.25% b FF & 2023 4F 27.71%, H
i 2011 4E. 2014 4EF1 2022 TR 5 HLik 25% D Fs B
T AL A AR Al B A R AR, TR R A DR AE
10% 7247 -

100

AN FISE AR & L%

2000 2005 2010 2015 2020
Fn
= gz )+ DR
'3 DBO-PPC R A5 PR BT B AR A5 G If B oty 22 1k
Fig.3 Change of area proportion of different grades of

ecological environmental quality in DBO-PPC model

F & 4 AT, 20002023 AF8 IX A AP K
ASHN b T, 2000—2008 4E R4 BIFST X A= 4%
W FETE 0.3~0.4 U3, LAREAE 0.002 9 3R 2 2
TR, WFT XA S AR TE Sh K 2010—
2023 AR A Bl R A SR W AY X AR AR A i i Y (E A
0.2~0.4 I3, R i 8h & A Ja A AT T i 38 AR D)
FHAF 0.001 5 WSS IS, Bkl TRE, X
AIRE S0 X RINE BA K, UM R X AESRRE
K.

DBO-PPC A PEAL B 58 X A= A A5 T R
TEZS ()43 A0 EAnE 5 R, B9 X B A S IR BE 1 1l 4%
A b SR VG 25 AR AT I R B, B RIVRIK R AR A
FEWFIC I N R B, 0 X AR LR AT X S
AR, M TR 2 . W B X P 1) I F
K, 2000—2013 4 A WA AL 22, 7F 2014—2023 4F,
SRR XA A ISR A O 2R A 30 DA L, P AR A
Pt 4 22, (U H A B A X LAE Hh S AR Ut

0.48 - —a— DBO-PPC
-

3 2009—20234F
%042 3=0.001 5r-2.609 8 - -
R=0.034 6

T 2000—20084F

@ 034F -
= y=0.002 9x-5.478 5
032+ R*=0.129 7
2000 2005 2010 2015 2020 2025
Ay

K14 DBO-PPC AU A= A5 BN i i A8 AL A 3
Fig.4 Change trend of ecological environment quality in

DBO-PPC model

P, TE 2016—2023 4FH A BT X R FLBLA Ik,
W XA SIS IR 2 .
3.3 R EITAESHENIMm
331 WIXHIRIE AR EEN

£ # & H ENVI ' SARscape f#f 5k % b /™ [X.
2017—2023 “FE R ML RIE AR IE AL, WKl 6(a) P, Mk
JEAR/INT 0 RUTRAIX o N DXCREAR A B A, 5K SK b
71X 2017—2023 4FE K AEVTRA TR 5 ol 81.28%, F
BLAE PR XA rh L DO, AT X R A LT
07 LA 18.72%, FEAEAED X il X dak, o, -
FHRARIE 0.11 m, PUFERAIE-0.15 m, ¥J{EH-0.024 m,
W DR PR 0T, 33X P BB Pl T TR 3 B -
R Ab | FEDL I PR AR R r 5 Ak, T KA 7K 2 T Ak X
R AT ETHEAS HAR SRRl E ],
RIX 1, SRIX 2, RIX 3 PLECRIX 4 5 JE BRI AF e kG
JUEE X, R SR A IE Bh £ i A5 M e K AR VUG B X P
TR AT REA T B -5 5% DX A S R AT O, 9% DX 4
Z RIS, IR, By kAR AL

MR DX A B, SR IX R AR DTRA B G  H B
T X, i R XK R AR 10 AL 89.56%, K IX 1
1R ] (B € 2012—2015 4F, {5 i T IF A R BUA BEHE
Jite, BRI GARKIB R R T, bR X 13.76%, HrfE
X3k F 2015 4R45 1k PR J5 , Az A PR 45 R ik 8,
B &R AR A5 SR IX 2 [\ SR I [A] 7 2010—2022 4F,
LR ), TR & AR R AR, Y RIRER, o R X
AR 55.8%, (A VGHE AR X H 2 2 T A
IR BE, & AEDURA T AR AR T X, 55 4h, >k
X 2 R 3 DX 35 A 25 P I 2 051 AR R AR G A
11T PG 30 B AR X3 — A F A 2R A SR IX 3 R
[H] 75 2020—2022 4F, HE G Hm A O 1/4, St
b & A LA D, R X AR T R 12.02%, 53R
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Fig.5 Spatial and temporal distribution of ecological environmental quality of DBO—PPC model
BERTHEAE 2020 ARARIAEE, SRS T 2021—2023 4Rk SBRATIX 2000—2023 4F 3£ T DBO-PPC AU/
RO G RIX 4. 5 BAVIFATIAL G AR PRI 25 AL Sy, BE— 2D U WIS DX A 2530 05 o
2 ARCRIX 4 ZRIGE XU kA TR O R AL

1.0

TS . RIX 4 S FRBERE 2018 4EFRIMELFH, M 24 a BAARRT, SR BB X A 2SI TC I i AR
2019—2023 48] — H AL T 2R A, MR X 5 HAE AR A H 59%, A 31% 19 X345 3] 1 ekcss, Horb i
2023 AEA PEAT IR, A A5 FREE T AR X A - FUE N 16%, T B AR AED X PG 6 A 4R w3,

WK 6(b) iR, 4 KM Slope BRIk Ho, MHHERIX 1, RIX 2, RATIREEARIRIX 3, 4,
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Fig.6 2017-2023 Surface deformation map and 2000-2023 Slope significance test of mining area
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Fig.7 Ecological and environmental quality trends of the whole
mining area, mining area and non-mining area based on the

DBO-PPC model from 2000 to 2023
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