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Abstract ; The Shendong mining area is an important coal production base in China,and the coal mining has caused
strong disturbance to its fragile ecological environment. It is necessary to use scientific methods to reveal the evolution
of the ecosystem service function of the Shendong mining area,and improve the management system of green mining
and sustainable development in the mining area. To quantify the changes in ecosystem service functions in Shendong
mining area,a Comprehensive Ecosystem Service (CES) evaluation model was constructed based on the InVEST mod-
el,which integrates three ecosystem services: water supply, soil conservation, and carbon storage, and measures the
characteristics and patterns of changes in CES in the Shendong mining area from 1990 to 2018 in both the scale of
mining area and mine. The results show that at the mining area scale,(D the S, in Shendong mining area decreased
from 0. 448 6 (1990) to 0.382 5 (2000) ,and then continued to increase to 0. 471 6 (2015) and then decreased to
0.453 2 (2018) ,showing an overall increasing trend at a rate of 0. 009 a™'. Spatially, it was the weakest in the north-
west and gradually strengthened from the northwest to the southeast. @) The spatial variability of the CES in the Shen-
dong mining area was obvious,and the contribution of the change in the low-variable area to the change in the CES
was higher than that of the medium-variable area and the abrupt change area,and the CES spatial change was closely
related to vegetation cover and land use types. 3 The spatial clustering of CES in the Shendong mining area was obvi-
ous,showing a pattern of “weakest in the northwest, strongest along the rivers, and insignificant in the southeast”.
@) The driving factors of CES change in Shendong mining area were land use type, slope , elevation , rainfall and vege-
tation coverage in order. The synergy of two factors was higher than that of single factor,and the synergy between land
use and other factors was the strongest. At the mine scale,(D the CES in the Shendong mine area was highest in the
medium-intensity mining area (S.;=0.502 8) and lowest in the very high-intensity mining area (S.,=0.430 8). @
The CES in the Bulianta mine area was positively influenced by ecological management measures,the CES in the Da-
liuta and Huojitu mine area had been negatively affected by mining since 2010, and the CES in the Shigetai, Wulan-
mulun , Halagou and Yujialiang mine area had continued to suffer negative impacts since mining. @) The CES in the
Daliuta rec-lamation experimental area had developed in the direction of becoming stronger. The model’ s comprehen-
sive as-sessment results can quantitatively reflect the changing pattern of the CES in the Shendong mining area. It is
suggested that Shendong mining area should implement ecological management with the northwest as the key area,and
focus on optimizing the land use structure by improving vegetation cover,and use scientific methods such as microbial
reclamation in the mining area. In addition,the development and use of multi-scale integrated model for the optimiza-
tion of multiple ecosystem services should be committed ,with a view to providing more accurate and reliable decision
support for the sustainable management of regional ecosystem services.

Key words : Shendong mining area ; comprehensive ecosystem service ( CES) ; InVEST model ; mining area scale ; mine
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Fig. 1  Geographical location of the Shendong mining area
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(30.72%) , EHARBEHOR S0, PG IL AR X A
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Ryt — 2 TR T X 2848 X FTH AR X CES (1)
AARIRZS , L 1990—2018 4 GSSIM 5215 4 il 76 1 I
EREIERAZ X 3 MRS X (A,B,C) SHAEX 34
FERIX (E,F,G) s JEAIH 1990,2018 4F Landsat #1%
H11990—2018 4E ARG GG = E B A T3
(K 5) . M 5 A, 1990—2018 4F, 28728 R 55 X

(¢) 2018 Landsat
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1) CES 2E{H B AT &30, HAE s X Y CES A s o ; 58
AFE X B R RAE W 28 25 X AR AL T T M, 224
] @ BUAR S X CES I35 5 28 8 X C KA
P XA R KT R X HE 37, 2 EF Bos H
CES A3 g5 ; hAsRE S IX D E (b R B R KA T
FH 48 RO, 349 Pl A 7 2 DX AR N R KT R Xl i 5
X, ZEE SRR SIX D, E 1Y CES 250 55 #
B HPARKE S IXF AR B S A TS, CES SRS n
RAS . BT, # RS X CES Wl 55 /Y DX 8k 1 A 1
Bl T4 P b ok X A B B 2 X AR TR R X
CES 345 iy DX Sl 9l 7 25 B S i I 3, R et AR ™
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Fig. 5 Mutation sample point area (A,B,C) and intermediate variation sample point area (D,E,F)
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ARIX AR X RARAR X 1 R &, Bt AR Rl 2B R IX
A R B Rk 55 & B hn RN e 2 X 3k B o T AR 4
F(£3), 23 A%, 1990—2000 4E CES (%K &
FEORFE FARAEX (&R 32.71%) , A8 X Ik
2 (28.64%) ;2000—2005 4£ 2005—2010 45, L4558
705 DXR R A DX 38 i DX 35k T AR R RS2 3G i, {H )2 CES
(4 385 T 353 DUAIR AR X R 3= (7 B4 iR 53.14%,
42.43%) ;2010—2015 4, 2848 X | Hp AR X AR AR X
CES 3§ fin IX B It 9] K K A 19.19%, 21.15%,
20. 85% , ML B B 5 A8 i rb AR 8 00 A DX 3% S 3G
TRk K 2015—2018 4 fIRAE X FRR A CES #Y
TR TR E . 1990—2018 4F, 2875 Xl 25 [X.
IR D ) X TG e 25 5 R DX i ) X 3,
KTk i X3k, AR AR X5 95 4 X 11 40. 04% , 16

] 1990—2018 4F CES HYZALAT IR AR IXAE 0 3=
SR B BZRETIX CES B8 202 th T X NI
R XA AL B, TR KORG8 XX A AR BT X CES
AL BT IR Z

xR3 EFRERESEMAME>XEHASERES T
Table 3 Increase and decrease percentage of CES in study

area %

RAZIX HAEIX RAEIX

WS M WS MmO

R

1990—2000 6.28 9.84 9.55 28.64 12.98 32.71
2000—2005 9.61 5.87 13.54 6.84 53.14 11.00
2005—2010 13.82 5.86 21.91 7.04 42.43 8.94
2010—2015  19.19 13.57 21.15 12.13 20.85 13.11
2015—2018  10.31 12.35 15.14 19.93 17.43 24.84

1990—2018  15.29 15.43 14.74 14.50 21.86 18.18
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Fig. 6 LISA map of Shendong mining area from 1990 to 2018
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1.5 ~2 4% ; B R o 5 A PR 19 28 B4 4R 7O
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S ARYET DX R I A3 A0 R AIE S R b AB TR
52 RAFIBUR AR IXAE SR B 30° LA A9 X sl B 33
I CES A Wi ek | 30° DL 1 & ARk 59, A F 55 38
VRO I I R A aa 1 | - A T B A S e
S RS A B R LG AR 4 DX ) e R 55 4 7
NGB AT AWM, 48 CES 38 B 7311 1 KB
] W T A E SR DY 7 25 P A IR BE I (30° L)
) XU, AR AT A G X (15° AT ) S A A
Tt LT R B HAth N 289 3h i b 4 8, DA D4
EHART X A S RGRS fE

F4 BEMESEERESYMEFZEER &

Table 4 ¢ values of interaction of impact factors

WmET AR Werz FEri  AERESEE LA

e 0. 106 0.212 0. 183 0.175 0.276
e 0.212 0. 144 0.192 0. 182 0.270
4] 0.183 0. 192 0. 102 0. 134 0.249

HYEEE  0.175 0.182  0.134 0. 057 0.187
LA 0.276 0.270 0.249 0. 187 0.173

3.2 HHRE CES ERHH
3.2.1 AN[FIFFRIREET Y CES 2277047

PHAR A DX 2 4 3 7 B, R ZE LA T R
F R TRE E R B TR TR E L, Sy T 52843 X
PRIEH X AE R R GRS YiRe , 38 AN ) X R
SRIEDEATHE— A0, TS RAE IR R A R
SER JEE T S TR P SR 5 R 7 T SR 3 e, B R
SREE EZR T TAEI K EFRIE RN 2 MHE,
ARG ZARIRIEH KA [RS8 R CES 192 5
RAFAC LA, AR X F R 3 B 0 40 4K s Sk
[35-36 | IYBIFFT R A AR A X 3 53 S 1R i BE Al
1 SR R TR R R A RUIRR B 4 2 A5 B R AR

DI SRR BE 73 BT (B 7)o B R R B TR XA T 5
2EARAR T A BT 22 (8], A A 2 R 5 S e
ST TR 5 TR R R SR XA R A T A i
S SRR (1.3~4.5 m) , B T AR O % B
150 5 TSR BE R X BV 5 30O 430 S B,
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Fig. 7  Distribution map of different mining intensity in

Shendong mining area
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Fig. 8 S¢; quantities in different mining intensity zones
3.2.2 RIXFEERIX A CES 225407

R E— ARG R I X AR S R G RSSO RE
PR AR XY 7 A FBEH™ 0 HR AR SR XY
HEBRG MRS w R TS (R 5) . MR
HAERKX M 25K E  #NEET 1 CES ¥EH R
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FE S TEXG A R XA R THER X, 2015 4F2Z 57N
TAERIX, H 2015 -2 J5 R IXAER X 25 548 K a7
W IR X BE/NFIER KX, B RS N R
2015 4E Y -10. 67%J5 L, UEIARG Fria e R X AR
R IX 1 2 T A N AR K 5 22 AR H R X E /)N
TAERIX, RIXAERK 257 T EH (ZhIh
—35.41%~-26.88%) , H.iZW I %) CES 555, 7] AE
TR I TR M S E SR
BN S5 M A S5 R XK F ISR X 7E
2010 4F J5 i f% Ry R X/ FAE SR X, 22 4L A T
-3.85% ~1.96% ; A2 B W IR K IE/DN TR R IX,
AL 2010 429 -14. 03% E T+ A -5. 49% , it B AE
R DXFIR X 1 25 S AR AR /N

R IX SRR XA 2 R G0 R 55 5 10 46 6] 22 54X RE
T2 HHY CES B RN 25, 2 5 1R IE ]
BRI AR XA S EE M 22 iy XA A%
BeinEAsZm B R AT LR SR 1E 3l )5
i), 5 2 — 20 XF LU A AR 25 57, RRAR ™ X R HIAR
BTG T 20 22 90 4EAX, LA 1990 4F K R 4™ Hif 1Y
WIHRIRAS (BL I R385 B 0 R AT, R X AR R IR
ZRETESFEM) |, LA I R X SRR XA
U 22 AR FUAE N 2% e | SRR IR S 2018 4F
R 25 AR L N TS5 e UL IR X

SEE T LR PR B0 R B, )R] fE 2 3
TSR IEN Em#T

x5 BYHRREERRESESGREERTLLL
Table 5 Ecosystem service quantity and change ratio

between mining area and non-mining area

EBRGEMSE Seg
v It H 1 AL %
FeIX. JERIX
<2000 4F 0.302 9 0.287 1 5.52
<2005 4F 0.367 7 0.273 5 34.48
I <2010 4F 0.3919 0.388 3 0.92
<2015 4F 0.401 6 0.400 2 0.36
<2018 4F 0.332°8 0.3327 0.05
<2000 4F 0.380 2 0.417 4 -8.91
<2005 4F 0.414 2 0.4724  -12.32
KN <2010 4 0.454 8 0.5172  -12.06
<2015 4 0.485 7 0.512 8 -5.30
<2018 4F 0.417 3 0.476 3  -12.40
<2000 4 0.440 5 0.402 6 9.41
<2005 4F 0.436 6 0.430 0 1.53
PR <2010 4E 0.514 1 0.502 2 2.38
<2015 4F 0.426 6 0.4849  -12.01
<2018 4F 0.445 4 0.455 1 -2.14
<2005 4E 0.424 3 0.426 3 -0. 46
- <2010 4F 0.452 8 0.479 1 -5.49
<2015 4F 0.405 3 0.4534  -10.67
<2018 4F 0.389 9 0.4210 -4.00
<2005 4F 0.165 1 0.238 1 -30.67
<2010 4F 0.239 0 0.3269  -26.88
LY N
<2015 4F 0.205 4 0.3180  -35.41
<2018 4F 0.202 5 0.280 6  -27.85
<2005 4 0.4855 0.476 2 1. 96
. <2010 4F 0.495 7 0.498 4 -0.53
P&
<2015 4F 0.535 4 0.549 4 -2.55
<2018 4F 0.568 7 0.5915 -3.85
<2010 4F 0.3272 0.3806  -14.03
VaE A <2015 4 0.309 8 0.3509  -11.70
<2018 4F 0.298 3 0.3157 -5.49

Y+ < oo AEFR xxxx AEZ AT IR X, 7% 6 5 25K He = (R
DK A A 5 ik~ R X A A5 i) /AR SR X 2 25 R 45 ik 100%
FERARD X 7 A T2 FHR X 5 R X G
551990 4 2018 M4 R G R 55 1 & B n] 45 2
KX HIER X 9] i 25 5 Fk 5 22 5281k, 3R 6
AL, O AMEET IS A R A Y & T
VIR AR I (251K 0. 51% ~7. 74%) , Ut B R IF A
XPRIX CES ;= A i 2 iy 2 i, v BE sz 81 TAE S
B IE RIS ;@ KIS 1R 5 A8 4k L #E 2010
SEZETR T R84k 1, 2010 4E 2 J5 /N TR mi 28 1k
o, RUHZ A R AE 2010 4R LUS 2 3 T R0 16 S0 1
S ;) ATl R 5 AL AR 2010 42 RiTK
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1. 54% (2005 4F) F &} -15.60% (2010) 4, iZ%H" H:
FE 2010 4ELLJG Z 5 T RA G S A T R ;@ 2%
ARAET IR Sop TR, RATRIX S, KTIERIX, K
JERIX S, /INFAERIX, HA R 5 R 5 IR A 1 22 748
fhi W & (R J5 28 4k W R AT R B 23.10% ~
36.28%) , VLR X 53R R X 25 A6 R S5 KR 34,
KA G EIRR X CES (9 77 52 A 3% & M
W IHRACR X Se, KFIERX, RGRK S, /MF
BRI, HREAM /N TR (ZE R
-10.98% ~-8.90% ) , VLW MG H {8 B FF /Y CES 52 3]
RGN R ; © MK R IR G A

T RATZEA L (ZE(H A -4. 08% ~—0.57%) , HLiZ# H
AR HUR B OS54 it , 16 B b SR TG sl X R X CES
AT Sl ;D A B0 IR IX CES IR TIER
X, HRJG A /N F Rar Lt (2ZHE N
—6.51% ~—-4.58%) , Ut A 32 5 R IX A2 8 T R4
SRR, R L #NEB T IR XY CES 2
BT A A6 B 0 1 TR R, RS TR Y e T
SRIXIY CES £ 2010 4 LAUJG 32 3 17 2R A 1) 1 [ 52 ),
L 22 ARAEH FH 2R X CES 32 3R 19 I 35 £ 1 52
AIZE WP R R R IR IXH) CES AR L
SRR L 2 R (1A 57 T 5 ), SRR AT 1) 7 TR ) T
A SRR ) 1 TRT S

®6 BYHREXMIERXMEEHLL

Table 6 Relative change ratio of mining area and non-mining area in each mine %
ARk H SR X el HNETE KN T X G LSE DAL 12 KA TR 3 af
<2018 4§ -2.09 -3.50 13.18 3.24 -4.75 -1.47 -0.91
1990 4E R i A RS <2015 4F -1.84 -7.31 12.97 0.24 8. 56 -0. 81 -4.01
55t R X 5 R R <2010 4 -2.28 -12.68 10.33 1.16 9.41 -0. 81 -10.07
XA <2005 4 15.65 -6.89 -2.24 10.97 1.91 .13
<2000 4F 1.94 -0.38 -2.13
<2018 4 -0.25 -9.32 -2.14 -7.38 -27.85 -3.85 -5.49
2018 4E RIS ARG <2015 4 0.03 -14.33 -5.43 -10.74 -27.72 -2.91 -10. 11
MR 45 R X HARR <2010 4 0. 47 -14.55 -5.27 -8.03 -26.29 -1.38 -16.58
XA <2005 4F 16. 15 -6.70 -0.71 2.07 -31.28 -2.95
<2000 4 9.68 -0.20 -1.82
<2018 4 1.84 -5.82 -15.32 -10. 62 -23.10 -2.38 -4.58
<2015 4 1.87 -7.02 -18. 40 -10.98 -36.28 -2.11 -6.10
)5 SRR
T <2010 4 2.75 -1.87 -15.60 -9.19 -35.70 -0.57 -6.51
<2005 4 0.51 0.19 1.54 -8.90 -33.19 -4.08
<2000 4F 7.74 0.18 0.31

R X T 52 SR MR DURRA W S5
AR S, B A HT X T 2008 4E 4R A1 E A Rz (db
) BRI MAE Y 2 B OCHEBOR T Hilde, %
S ok DA 24 b A 39 7 R S B A AR LB, B
TG FRYIAR R 3 KA AR R X H 3K FigE
SWSCRE 1 Sl R TR 221658 T Wil , DL &
FEL) BTSSR A AR A i

KRR XY E R TEXNES RS
K55 DI RE FA) 52 ), 8 R AMINIE i H R B DT RE HL 2 E 9
8RR X, #8958 H CES XA 58 B oy i, ¥
FMIE SR X 3 A i B e XA X 38, e it S, 1Y
EAAAL I (F27) . 7 ATH1,2000—2005 448 B
R IX S, 528 X HA X Ik A AR 1L b 52 R B R 3 (A8

®7 AMERRE5EERRBRMELLE
Table 7 Change ratio between Daliuta mining area and

reclamation experimental area

o Yo AL %
FRRBK  RKLAKR
2000 4F 0.389 3 0.379 2 2.64
2005 4= 0.4219 0.413 5 2.03
2010 4 0.455 7 0.433 6 5.10
2015 4F 0.451 4 0.424 4 6. 36
2018 4F 0.439 3 0.401 4 9.45

A 5 R 2. 64% ,2.03%) ,2010,2015,2018 4E748
b Hb R R IS (AR 4300 h 5. 10% ,6. 36%
9.45%) , UtMHE B X 1Y S, 5 2R X HAl X 3817
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