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Construction and application verification of an assessment system for ecosystem
functional values in mining areas subject to anthropogenic disturbance
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Abstract: [ Objective] To address the difficulties in quantifying the ecological losses caused by mining activities
and the ecological benefits resulting from ecological restoration in mining areas, a scientific and credible
assessment system for the ecosystem value of mining areas were constructed, in order to provide scientific
references for enhancing the ecological value and ecological environment restoration and management in these
areas. [ Methods ] To address the insufficient sensitivity of existing assessment methods for ecological service value
to mining disturbances and ecological restoration effects, this study proposed an assessment system for the
ecosystem value of mining areas based on the logical framework of ‘conceptual framework-indicator selection-
system construction-application evaluation and verification’ , focusing on four core functional values: ‘material

production, energy flow, material cycling, and information transmission’. The assessment system was applied
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and validated at Buliangou mining area, Inner Mongolia. [ Results] D Among the four major functions of the
mining area ecosystem, the energy flow function, driven by mining activities, contributed significantly to
ecosystem value, reaching 688.317 9 million yuan/km? in 2022. @ The material cycling function, which included
water conservation, windbreak, and sand fixation, was more significantly affected by compound disturbances,
while the material production and information transmission functions were less affected. @ Since the
implementation of concentrated ecological restoration in 2019, the functional value of the mining area’s ecosystem
had shown a positive improvement, with the ecological value in restored areas increasing by an average of 9.80X
10* yuan/km?. The ecological value loss caused by mining disturbances exhibited a fluctuating decline. @ The
values of the four ecological functions demonstrated an overall “U-shaped” trend in response to variations in
mining intensity. [ Conclusion] The energy flow function significantly affects the total ecosystem value, while the

material cycling function is a key influencing factor of the spatial heterogeneity of the ecosystem value in the mining

area. The Buliangou mining area still requires enhanced ecological restoration to improve its ecosystem value.

Keywords: ecosystem value; ecological functions; assessment system ; mining and ecological restoration
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Fig.1 Conceptual framework of disturbance-composition-function response of

ecosystems in mining areas under compound disturbances
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Table 1 Assessment system of ecosystem value at mining areas
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Table 2 Methods for accounting material quantity and value of ecosystems at mining areas
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Fig.2 Overview of Buliangou mining area and distribution of working mining faces
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Table 3 Statistics of ecosystem value of Buliangou mining area from 2007 to 2022
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2007 6.36 4.36 0.12 61.32 19.08 0.22 — — 2.80 — 94.26
2008 6.35 4.31 0.12 59.30 19.05 0.24 — — 2.79 — 92.16
2009 6.82 4.50 0.12 80.04 18.91 0.19 — — 3.00 — 113.58
2010 7.32 4.31 0.11 69.07 18.24 0.19 79.04 15723.52 3.22 — 15 905.02
2011 7.11 4.09 0.12 31.12 17.57 0.16 112.91 24 660.21 3.13 — 24 836.42
2012 7.67 4.39 0.12 47.95 16.59 0.28 135.50 25 545.45 3.38 — 25761.33
2013 7.86 4.47 0.15 21.05 16.02 0.26 146.79 23016.19 3.47 — 23 216.26
2014 7.63 4.28 0.13 47.36 15.75 0.20 158.08 21 835.88 3.37 — 22 072.68
2015 7.08 3.87 0.13 54.91 15.88 0.16 169.37 18 698.40 3.12 — 18 952.92
2016 7.59 4.10 0.14 45.91 15.99 0.27 180.66 22 594.65 3.35 — 22 852.66
2017 6.92 3.74 0.14 31.52 15.74 0.22 191.95 32 503.90 3.06 — 32 757.19
2018 7.45 4.15 0.15 32.43 16.04 0.25 203.24 35174.67 3.29 — 35441.67
2019 8.14 4.71 0.15 40.15 16.91 0.19 203.24 31 868.58 3.61 — 32 145.68
2020 9.32 5.48 0.16 100.12 19.25 0.24 203.24 30 784.61 4.11 — 31126.53
2021 9.81 5.82 0.15 136.58 19.94 0.11 203.24 55 824.20 4.32 — 56 204.17
2022 11.03 6.49 0.15 156.66 20.86 0.36 203.24 68 831.79 4.85 — 69 235.43
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Fig.3 Spatiotemporal distribution of total ecosystem value at Buliangou mining area

1S ME&p B BT R B B | BEHB

« km?)
n

te 5 B G I He A AL R
(75 7%
5 B

I
I
I
-20 :
25} : 1
30 : :
Fc 7 S S T T S T S S S S !
(»QQ'\(LQQOOmQQQfLQ\QwQ\\WQO:»Q\RQ\b‘wQ\‘),»Qxb,»Q\ @\%@\?@""Qmﬁm\'@m’»
F 7
Bl e EXASRGNENE EHREXESREMEYE
COgERES RGN ERE COREXESRENERE

E4 AEATRESEBER . XERS
WRERAESREMEI L
Fig. 4 Comparison of ecosystem values of ecological
restoration zones , goaf zones and control
zones at Buliangou mining area

3 0
31 B E SIS
B 5% T T B W I8 — ) {16 A 7B L

THA RS s () R Y BT XA S R SN
WAGIR R, R B XIT RS EEBEZEL AN
LSRG RE M W AL . OFE 45 AR 1 HUS
T, 7 SC AW T A 7 R S WAL Sl W A B A B AR
1 4 0T RE K B 1 Hh 101> T RESC IR PR i KL
P AICNE G ACRPE R MBI AG febr . E A IR R
W1, N3 gl Xt AR 25 R G B -5 U RE I R W AE A (]
RUBE B AFAE 22 50000 ] 5 i DX R B 1 % WL e 5
X A R YA D RE S R R 2, I AE N RUE R IX, SR
b B Bl S IR T RE 0 0 e AR A R D
ASRIF 5 A 22 10 PPl B AR T 0 2 UL o A A 5 Al
T DXORBE I Bl L B AR I B EE AR 4 A A IR
S5 E VAL R R T B R A B . OBFRESIA
T 77 Re AN B R0 35 W Ak B (B 0 B Hh A X AR R
S RE Rl AR S B o KA RE M [ ALK
F W b R A (8 B AT B (AR T X AR S R G
RE 42k UL 3l A 3 AR A AP TE R AR A A
Mo BT RN XAEB ST RE M OIRE N,
T I 5 ) Ak 00 A 4 55 2E A5 AR E | IR IR B 5 0 T 2
Wi 7 T A HEOCHEAE T . (AR TE R, X A R



53]

EH WA NS T XA 25 2R 8 D RE A B 3T 1A 3 A4 55 N 6 E 207

i R BN AR GE it R i b 2R S D B A (E
Chn e K IR IR | B HEOR R 45D A 8 38 9 2 W]
A RRAE o X R B 2 BE b B AN B SR T Al A
RS R S A A R TR — e 5 A BT R 1Y
i £27 IRV, DT A5 9l 45 SR 5 L 4 i o 5 B 22 4
OSLUELS R I IE T 7R F 935 FH R 5 ] Se

T 201 e mmA T REAEE LR 1400
< sl B MEEA RN E LR {50 E
e b B 5 5 3 T A A b B e
< ol e mERRTIRENEELE {060 =
=~ 05} .8 800 S
JF\p( ° .'x ,}:\p(
g 0 600 i\'gi
NS =
§ 0.5 400
3‘2.1.0» 200 @
#Hos sy @

qp\Qqp\\@\%Q\n’mn\b‘me\"@\b@\'\,L%\q’qp\%@pm&\m@q’

F
Es5 AEATRBEMETEN S INEE
EERGEMETLUESIT

Fig.5 Statistics of ecosystem service value variations
of different functions under per unit of coal
production at Buliangou mining area
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different functions at Buliangou mining area
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Fig.7 Long-term average ecosystem value distribution at Buliang mining area
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