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Spatio-temporal pattern and driving forces of ecosystem services in coalfields of
Shanxi Province, China

PAN Huan-huan', WU Shu-rong!, JI Qian-gian!, DU Zi-qiang'™, ZHANG Hong?

(Unstitute of Loess Plateau, Shanxi University, Taiyuan 030006, China; >College of Resource and Environment, Shanxi University, Taiyuan 030006,
China)

Abstract Although coal has made a huge contribution to the development of the economy and society and its economic
benefits have often attracted much attention, little research has focused on the ecosystem services provided by coalfields for
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humans. Based on remote sensing data, meteorological data, and soil data in Shanxi coalfields during 1986, 2000, and 2015,
this study estimated soil conservation and water yield using the InVEST model, assessed the net primary productivity of
vegetation using the CASA model, and estimated sand fixation using the RWEQ model. Further, this study simulated the
spatial patterns of ecosystem services (ESs) using the k-means cluster analysis method and analyzed the influence factors of
ESs using the Geodetector model in Shanxi coalfield areas. The results showed that soil conservation service, water yield
service, and sand fixation service increased continuously. The high-value area of soil conservation service was mainly
concentrated in the north of Hedong coalfield and the northeast of Qinshui coalfield, and the low-value area was distributed in
the southwestern edge of Datong coalfield; the high-value area of water yield service was mainly concentrated in the northeast
of Qinshui coalfield, and the low-value area was distributed in the northeast of Qinshui coalfield, Xishan coalfield and
northwestern Qinshui coalfield; the high-value area for vegetation production service was mainly concentrated in the southeast
of Qinshui coalfield, and the low-value area was distributed in Datong coalfield, Ningwu coalfield, Xishan coalfield, and
northern Hedong coalfield; the distribution of low- and high-value areas of sand fixation service were unfixed. Ecosystem
service bundles were divided into four categories. The first category belonged to soil conservation service bundle, mainly
distributed in the northern Ningwu coalfield, the northern Hedong coalfield, and the northern Qinshui coalfield. The second
was the water yield service bundle, mainly distributed in Huoxi coalfield and southern Qinshui coalfield. The third category
belonged to vegetation production service bundle, mainly distributed in parts of Qinshui coalfield. The fourth category
belonged to sand fixation service bundle, mainly distributed in the southern part of Hedong coalfield and Qinshui coalfield.
Soil conservation service was greatly affected by temperature, digital elevation model (DEM), and industrial output value,
with ¢ values of 0.5, 0.3, and 0.2, respectively. Water yield service was greatly affected by precipitation, temperature, and
DEM, with g values of 0.8, 0.3, and 0.2, respectively. The industrial output value, precipitation, and temperature ¢ values of
vegetation production service were 0.7, 0.6, and 0.2, respectively. The main influencing factors of sand fixation service were
precipitation, temperature, and DEM, and the g values were 0.7, 0.3, and 0.3, respectively. The spatial distribution of
coalfields ESs and the relationship between multiple ESs were closely related to natural and human factors. Therefore,
maintaining the coordination relationship between natural-human factors and ecological services would be helpful to the
management of the land reclamation, ecological reconstruction, and the sustainable development of the coalfields ecosystem.
Key words ecosystem services; bundles; driving forces; spatio-temporal pattern; coalfields.
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WF 78 X A7 T 1L 76 45 B HH (X (34°34'—40°43" N, 110°14'—114°33' E) (& 1) . J& T 88 i KRk <
ik, R 4~13 C, FFEIKE 400~600 mm, A [FEHIE S ABLEK, FNFHAAE, Kot
XAEZE R BN 1500~2300 mm, HEE L. VG R TIEFEE, AR R AL & 4% 5 % 0 H
28] 43 AT S MR, AH RO S 1 S o FL 2 e B OK, 25 K 2 W R O M g U G 1 R 2
M, T ) B B A AR 7 Hh 10 2 ) B R XA T B AR U T A T S R AR o B B ST A 53800
km?. Hrb, A FEAbER A K E B SR 1800 km?, 1L vHH D E R 2 FEH 7 iR R
213500 km?, HIVEREHESE AL TR SRR, B 16900 km?, VRSN P
JEH ST A 1600 km?, TE7S KMEH AP HAR S BV EAL T I vE A Ve, S 3900 km?; ik
KR BLILIT 30000 km? [ THI AR AL T 75 KM H AL 2 2,
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Fig.1 Location of the research area.
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Table 1 Data sources and processing methods!!'?!

K Li¢p Sl AR oy EEE Tk
Data type Data source Resolutio Year Processing method
(m)
DEM ###% o [ R 27 B BRI SR R 2 S R 0 30 2000 ArcGIS BT [ 70 i1 518 1E
DEM data Resource and environment science and Cutting, filling, flow direction analysis,and
data center correction in ArcGIS
SEHE o S R R S 30 1986 ArcGIS i % B E i {H Inverse distance
Meteorological AR M China Meteorological data 2015 weighted interpolation in ArcGIS
data sharing service network
|- SR FEIX X RF 5L 1000 2009 ArcGIS $2EUE T Extract by
Soil data P& rhts Cold and Arid Regions Science attributes in ArcGIS
Data Center
b Hdis Fp R B BEURR B A S R ol 30 1986 ArcGIS $2H(. #8Y Extraction and
Land use data Resource and environment science and 2000+ clipping by ArcGIS
data center 2015
AR Et) e TTTIES A st / 1986 ArcGIS % [H]{k Spatializing by ArcGIS
Socio-economic Shanxi statistical yearbook 2000+
data 2015

DEM: #7255 Digital elevation model.
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2.1 WAERBAESRERSHNZEE

1986+ 2000. 2015 FEMRXEL HIEGEEEES —EEERMED (B 2) , 253N 1483, 177.6+
187.7 thm?2, EHFEEMAKER, 1986 F, TIEHEGEFRS &M XETRX PRSI, B
KK FE 2R A S R0 VAT 2R A EE A, AR X AR A 70 X A7) AR A R 3 P L P L B R0 K R
#2000 4, HEEOREEIR S mE X AR T X R, EEA TR, ARE X 3 A AR T
PEHFEE . WA HEEE . EVURE . PO E A KB PG, 2015 4, HIEMEIRS EE X E
BT X A AbH, A KEE . o i ALEE . 0 A4 B3 A0 K 0 AR JE s RE X
FEEP T IX VU B, ARG ARG B A0 /K A PG R

1986+ 2000, 2015 MR XER=/KER —EWsh, 90N 755, 115.7. 130.2 t-hm?, ERF4E
WRMAEA. 1986 &, KRS EEXIRD, FESAMAEGTFTRX REH, SRFEO/KEHKRREE; 1K
HIX 5 20 7 X AT 93.4%. 2000 4F, 7= /KR 55 B X 32 2250 A0 T8 50 X AR SR AN 75 5, K [R]JE H AN
TEUBEH ES . PH L KB R IR 5 K 8B K. 2015 4F, PROK IR SS EAE X F B2 40 A B TA] 45 6 FH b
AR AR AT AR 5B, AR BEH . U . 7 L B A R S5 KPR

1986, 2000, 2015 A 70 X AE 4% A 77 R 55 SE5ME 53 9 9 425.3 4754, 565.9 g C-m?, HIAEFF
BRI . 1986 4F, AEMA IR AW T IX AR A KPR R, AR IX AR R F A T O
B A0 7 L i S A . 2000 4F, EID /K B R S, NPP E BRI X FE 04 T IX
KA AT B R S XK. 2015 4F, NPP e fH X 2 E 2 5040 T /K H A1 2R
i, AR IXAR D, 325 A TERIE 5T X A6 35 K [R)E FE A /N30 40 [X 3 o

1986, 2000, 2015 =4 70 X B A7 T AR By XU 8 vb B R ae K%, 438 40.7. 52.1. 58.8
t-hm?2. 1986 4, B AE YIRS AE R FEH . 7 B0 B4 XA m, TR FE X 4R 1 350 0 90 K 6 R 0
AR E S AR . 2000 4, Bl R VD AR 25 B X AR 2>, AR X 24T KFEGEHE . 2 iU H BL K
A 50 X P 0 ] 2R B A AT AL s 2015 A, B RUTEL b R 25 AE A 5T DX AR A K TR OB L U
H R0 P L = SR A /KAy, VAT ZR M FE R 8 PR EE 0 7K EE R i 5 R S X3
KR . BARKRE, 1986—2015 FHK & IR K H BTt
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Fig.2 Spatial distribution of ecosystem services in 1986, 2000 and 2015.

NPP: fE#1% #] 4% £ 7= 71 Net primary productivity.
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RAEBRFMSHE ST AR I 17.2%, %05 % E A AET R X R deEr, a5 7 EEEF b
BB AR AR A AR AR AR, o, HIRRFEIR S BONRE . 2000 H, 2R ARS AR L
FOIX A 33.8%, £ 4 KIRFAEP A G R, FEALTHRFEXALES . A0 74 Fg & A 7 U
B, A EFEEHETS, ZREESMEIETHRX KT 2015 4, F-RKREE
A IX ST A 40.4%, b 1986 SEMAUR KGN, oA TR XA KFEER . =8
&, BEMHECT 1986 M HIEIRFEMRS KA BT N R, (HEAR L5 OREF IR 55 D REAE 28 — B 55 P e
o

1986 4, 2 KRS HE LR XN 4.6%, £ 4 BRGHEFIBA SN, ATHRXEE
B 2000 4, HRRSE VTR X HEAAK 26.5%, FEATHFRXEBAMEILE, @4 A EH I
AL A R, Hodp, PR E MBI R, B A XCE K. 2015 4, B RS
R A X ST AR 29.1%, #HLE 1986 FEMAE AT, FEEFR M TR ARKEHP R, E
PO RERSE, SRS G KB 4 RIRSHEF &, BT KRS %.

1986 4E, =8RSS H% B 7T X TH AR 25.8%, T BALT-HF 70 X 04 30 A0 2 w34, (0935 V) 25 o FH Rl
B KB AR R, NPP RS E E . 2000 4, 55 = RARSAE ST A X AT 28.5%, FBELLTHFA
XALER . PEREH AR BE . EURH . WAREH S, 2RSSR 4 RSP B KTFBAR, £
KB T L X 3K . 2015 4, 28 = RIRSS R i FU XU AR Y 21.2%, AHLE 1986 A/
g N R, AR T 00X A w0, BV AR G R R 0 K bR R R R R
e %S NPP 1E 4 BRSEH i, B T RE B A2 7= i 55 7%

1986 4F, FEPURAR 55 % S AF 70 XA 52.3%, 1E 4 RARSGSFHEP A S ik, FEEMTHFRKX
R AL R X, EE R EE . O P R T AR R A R A PE R 2 AR
FH R0 K R0, 12 IR 45 75 10 45 IR 55 /K P 8 85 . 2000 4F, 55 DO 2R AR 45 7% 15 0T 70 X T AR A 11.3%
F B FI0 KR B, RS R R B XU D S T A X K. 2015 A, S DU SRR S5 R o T
FX RN 9.3%, FHEL 1986 FEM A &7 LLKIE N R, FEOM T ARMEH, EUEHSE, MET 1986
MRS AR AE VD D RE K R T, T T B R D A 5 K

B3 1986, 2000, 2015 4 1L P A2 25 AR B8 I 55 SR 1A 22 1) 2 Afi
Fig.3 Spatial distribution of ecosystem service bundles in 1986, 2000 and 2015.

1) 3RS 7% Soil conservation service bundle; 2) 777K ik 45 7% Water yield service bundle; 3) #8#% 4 7= ik 45 7% Vegetation
production service bundle; 4) i XU[E ¥ Ik 55 #% Sand fixation service bundle.
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SRR AR FEK, X 6 R R 71 g A B MRS s B KU D R 55 1) Sk 2 5 e R
KR FEAK, g A RN 03, 0.2, 2015 4F, IEARERIRSS 105 s R o BE K. T E, g
38 0.5. 0.2; FEKIRS I EE LR T NMEK, g BN 0.3; ARSI EE L E 78T
Wl B SR, g AR 0.7, 0.2, 0.2 BiREWIRS T EHmME TN DEM. <EMT
Aer=E, g 5108 037 0.2, 0.1,

R e ——— « B Aprreipitation

ANfripopdation
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Fig. 4 ¢ value of ecosystem services in 1986, 2000 and 2015.

SDR: T 3E{RFF AR5 Soil conservation service; WY: 727K k% Water yield service; NPP: #4277 k45 Vegetation production service;
GS: B AUl 70 AR % Sand fixation service; DEM: #(F & 215 % Digital elevation model.
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