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Abstract: The intensive anthropogenic activities have triggered dramatic variations of land-use types in mine-agriculture-
urban compound areas, which further exerted adverse effects on ecosystem service values and threatened the stability and
sustainable development of regional ecosystem seriously. It is significant for balance between regionally ecological functions
and human demands to analyze and predict the temporal and spatial evolution characteristics, trade-offs and synergies of
Ecosystem Service Value (ESV) in mine-agriculture-urban compound areas. Therefore, we analyzed and predicted the
variations of land-use types and ESV in the mine-agriculture-urban compound area in north Shanxi from 1990 to 2026 based
on the Future Land Use Simulation ( FLUS) model and the valuation scale estimation. In addition, we explored the tradeoffs

and synergies between ecosystem services of multiple scenarios in 2026 using correlation indexes. The results demonstrated
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that (1) the land use pattern changed significantly from 2018 to 2026, which was mainly characterized by the frequent
conversion among agriculture land, damaged land and other land-use types. In 2026, the ESVs of the study area showed
dramatic variations under different development scenarios. The total ESVs of nature, economy and ecology development
scenario in 2026 were 187 million yuan, 169 million yuan and 201 million yuan, respectively. (2) Land reclamation
created about 195 million yuan from 1990 to 2018, of which 186 million yuan was achieved in the first stage while 9 million
yuan was achieved in the second stage. In spite of the lower ESV increase amount compared with the first stage, the
increased ESV in the second stage accounted for an increasingly larger proportion, indicating that the second stage had
remarkable potential in improving the total ESV. Besides, the conversion processes from grassland and cultivated land into
forest land were the main driving forces for the ESV increase in the second stage and the increased ESVs were 4.30 million
yuan and 4.05 million yuan in the two processes. (3) Each kind of ecosystem service showed the synergistic relationship
obviously. The southwestern region with less human disturbance and the mining area with severe human disturbance showed
the synergistic relationship. Only a few regions showed trade-off relationship, where the most obvious trade-off relationship
was found between regulation and culture. This paper provided a certain support to the management of ecosystem service in

mine-agriculture-urban compound area.

Key Words: mine-agriculture-urban compound area; ecosystem service value; trade-off and synergy; scenario simulation;

FLUS model
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Table 1 Cost matrix of scenario simulation

AR R AT RN RS
A Nature development scenario Economy development scenario Ecology development scenario
Land use type HB B HB B HB

it il m KR i il m KR i il m KR it a

i i

1 1

i
1

HFH Cultivated land 1 1
3 Forest land 1 1
F il Grassland 1 1
K3k Water area 0 0
#3HH Construction land 1 1
18 Damaged land 1 1

oS O = = o O
[ L = B ==
oS O = = o O

1 1 1
1 1 0 1
1 1 1 1
0 0 0 0
1 1 1 1
1 1 1 1

_ =, O = =

1 1 1
1 1 1
1 1 1
0 0 0
1 1 1
0 0 0

_ =, O = =

1 1
1 1
0 0
1 1
0 1

(3) 4RI E R E
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Table 2 Weight of neighborhood

: W et
A P o i Kb B Jion
Land use type Cultivated land Forest land Grassland Water area enstraction amage

land land
4R35 AL T Neighborhood area 0.30 0.66 0.45 0.05 0.78 1
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Table 3 Estimation of value coefficients for construction land and damaged land

HEBRG MR E F jesbdishiil 5

Type of ecosystem service Construction land Damaged land

ST N 3 SO, LR e B

Gas regulation 50, % MH@HHXSOZ‘%%{@@&%&E}R LES m{ﬂ?ﬂﬂl?}mx*ﬁﬂs (A Il b AR
KT CEASK M+ K RIS +i5 K AR B3R ) xJm BADK & AT +K IR B+ K AL B ) Xl K &
Water conservation i%ﬁﬁ]i{bﬁfﬂ H \”/)Eﬁﬂﬁﬁﬂ]\

PSR PRI SR A B8t x e I B3R IS I AT Bl A A R+ B A B e xSRI i i
Waste disposal B A AR Al BT AR

®4 AREBUERESRERSMERY (JT/hn’)

Table 4 Value coefficient of ecosystem services per unit area in study area

e T3 tﬁﬂﬁ it i K35k i%i&ﬁﬁiﬁz 151 58
Primary type Secondary Cultivated Forest Grassland Water Construction Damaged
type land land area land land
P2 R 55 1=t/ Ly 842.68 84.25 252.74 84.25 0 0
Supply services JE A AR = 84.25 2191.05 42.23 8.49 0 0
a5 IR 55 iSTSEER 505.48 2696.12 673.98 17169.65 -1251.79 -9420.69
Regulation services SRR 421.24 2948.65 673.98 0.00 -389.65 -600.43
AV 749.94 2274.88 758.22 387.49 0 0
Ry abHE 1381.90 1103.70 1103.70 15317.04 -119.39 -23789.00
SCHEIR 55 +HOE K 1230.17 3285.84 1642.92 8.49 0 0
Support services Y ZRE AR 598.22 2746.42 918.23 2097.69 622.64 622.64
SRR Culture services 1t 4R 3CAk 8.28 1072.44 33.53 3638.36 0 0
23t Total 5822.16 18403.35 6099.54 38711.47 -1138.19 -33187.48

ST SN B 34T A R AR AEXS ESV B2 22 5, AR SCRE B AR S A ST A T AU 5 P R
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500 m NBE T A% M2 ) T FRAR S R B/ A I R SR B — 2, T LR AT, AR U S E R 500 mx 500 m
VE R FEA A4S I BT
1.3.3 L& BUYRES PEAh ik

B 55 B 2011 AR A ¢ - b 52 B 250 ) 4 b A R e SO0y - - AR B R A X A 7 S R Bl A A SR R A
1) b SR IBCR AT , R B AT HER RS A6 3l FE0T X, B2 B A XT G S SR R AT 38 A 45
e, MR AT R, AR SGE I ESV B R i BRI AE SRS, FEA SO, iR B R
A BE A5 b Ry A B M (R M AR b | R RO A ) BRI A R A — B B B b o L RS IR
ESV B4 B m) 5 ESV B2 B0 5% AL (1R b e S bR ) AT DA DA Oy 2 40 B b A Oy A B Ml T S AR A
i, BRI M5 B B

FZEFPFHT X L B TAE A 20 2l 80 45 IR TF , UK 1990 4EAE AAFFE IR IR AF , 3 —4F
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F| 1996—2000 42— Beiy i ESV B4 & 548, Fl FH 1990—1996 4F 1) 57 1 &5 B 1b (€] )2 % 37 1996—2000
AF - i ) S S R 2 | 3 e AT A5 3] 1996—2000 AEAS TR BEAE SR 1Y ESV BE . DL R R R AR 3
2000—2004 4E ,2004—2009 4F,2009—2014 4F L K 2014—2018 4F 4 1 Hb 57 B 55— [ B Fl — By BE s ok 19 ESV
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134 RIS A RIS U TS
LIRS 500 mxS00 m § 500 5kl Xk IS SR 4 HA 28 RAM G TSI ST DL

SPSS 23 Fll GeoDa 1.18.0 10 #FXT 4 Wi A R Gu R 55 AT BT B9 AR S 434, SPSS 23 11 B2 /R i ( Pearson )

FEHT Geoda 1.18.0 10 A5 2% (Moran's 1) 8 BUH AT A [F] 2B (19 A4 5 R GEMR 55 1R 25 18] b R BH 0 B A4
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Fig.3 Changes of first—level ecosystem service values in the study area from 1990 to 2026
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Table 5 Increase value of land reclamation in different stage from 1990 to 2018

A0y BB/ T it/ % BB T i b/ % B IME/ T3 8
Year First stage Proportion Second stage Proportion Increase value
1990—1996 2002.21 100.00 0.00 0.00 2002.21
1996—2000 1704.05 98.70 22.39 1.30 1726.44
2000—2004 2159.71 97.01 66.61 2.99 2226.32
2004—2009 3190.54 94.65 180.51 5.35 3371.05
2009—2014 3698.69 94.70 206.89 5.30 3905.58
2014—2018 5924.69 93.76 394.28 6.24 6318.96
STt Total 18679.88 95.55 870.68 4.45 19550.56

SR T AR FE IX R [R) A 285 22 Ge B 55 6 N2 (] AU 55 HIR] 56 2R (9 43 SR A AIE AR SCLL A R Kk SR 1S 5k
i, ffi Fl GeoDa 1.18.0 10 F A4 Xef LX) A4 25 22 Bt M 55 04 7 AR £ Jey s 1 AR S A0 ATT , A 1l ) SRy i 25 TR AH S P 4
B AT S B AU A 5 P ) R 2 TR SRR 0 . MNIET 7 W AR AR 28 R G IR S5 22 ) Wb ) 5 B0 A S 2R A 25 i) SR AR A
TERRE 25 b4y PR SRRSO R R 55 72 25 (] 1 R BRI PRI OC R, 240 AR 7E 5T IX g
JEES ARILIRAEHLIX  Ho R — SR B —30b T —3CRE R — SO R S Rk R
PR DI ) O 2R KRS BB 50 719 787 1048 1078 645 H1 1078 ; F B W ALAT 5 2 ik %5 H 43 51k 47 32,
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Table 6 Correlation analysis results of 4 types of ecosystem service in different scenario in study area in 2026

ERRGIRS Pearson $§4§ Pearson coefficient Moran’s I $§% Moran's I coefficient
Ecosystem service AR % GH R KR HIRK R ZRRIR BRI
fEZ5 P15 Supply-Regulation 0.660 ** 0.668 ** 0.679** 0.518" 0.529* 0.546 "
HE45 -3 Supply-Support 0.945 ** 0.950 ** 0.964 ** 0.690 * 0.695 * 0.740*
fit45 304k Supply-Culture 0.747 ** 0.748 ** 0.777 ** 0.556 0.558* 0.618*
JH45 -3 Regulation-Support 0.589 ** 0.590 ** 0.616** 0.447" 0.452* 0.485 "
WHT-3C4k Regulation-Culture 0.386 ** 0.383 ** 0.429 ** 0.285* 0.268 * 0.338 "
SHE-3CAE Support-Culture 0.828 ** 0.831** 0.844 ** 0.600 * 0.604 * 0.658 *

w x| x APPIFIRTE 1% M 5%KF 3%

HERRGMS L2 E 207 XM BAE, PLIE 0% K BB AH B3 25 19 DI 1R R A 2 R B0 il 55 22 () (1) L 75
KR A RGNS KU S R BRSBTS A A S R AR S5 AR AR A R T AR A R
T S B S A0 A B O, Rt o B AR R LA 2 AR AR I A Y ST R B S AR SR IR ATAS
1%, X PRS2 TUCN 4 1 B9 CRE T F AR AR TR D7 58 A BRARUE ) T ) 22— | (] Fof 0 i o7 1A B A A O 28 o A SCAE
FEAE R RN S HE S bR S RPN PR E R |, X 500 AR B IT R o — 80 (R4 i 55 5 Hoth =
I A 45 2 BN DM R 56 R I ESIE EA B T3040 55 > . — O i, AR X A R 3 e b, i b2l 45 101 A
BRGMSS WARME X, X F G ] 1 PR 56 R R MR IR 45 AR T HAMM R EZRN, B— i, AR
IR 45 (R AUAE 5 DI ) A5 2 ) S i st s FRURE RIS ik S IR B BAHDE D ) Mg 2 5543 4518 1R
KRR b FUR S BURE 2 DRI ] 7 s A IS IS A B8k J3 8, TR0 —SCA R 557 Jmy 38 DX 3 B A8
SRR OC R, U] L bR AR R AR Se G OC R, T 700075 JEAS T ) g tE— 20 A i A 25 AU, PRIE IX A= 25
W, AT ATHL TR TR AR TR ESV AR M R R AR B S, R R e A A5 IR 45 Th g B 42 7
it B Se i K X T 52 B TARJRIT, AR5 X VG & R P4 g 5 b X 3R IR ESV 8 — 15 3 [A] R AIE 181 L
BRSO AT AR AP Bl 7 A £ TR I | s G B A A IR 55 D RE A AR Ak R A A= AR 55 g
MR
32 g

(1) b 1] AR PASARL T 25 21 ik 7 2018—2026 AF: [ BFFY X AR ESV &2 [ s 76 AR R JRIE &5 &
TR JRAE S AR R RIS T B ESV 43908 1.87 4250 . 1.69 AZJ0H1 2.01 4270, X Ui A SR a4k A
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