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Impact of reclamation-driven land use change on vegetation
carbon store in mining areas

WU Guowei, ZHAO Yanling, FU Yanhua, NI Wei, ZHANG Yan, YU Jianxin
(Institute of Land Reclamation and Ecological Restoration, China University of Mining & Technology, Beijing 100083, China)

Abstract Mining activities and climate change severely impact eco-environment of the mining areas. However, land
reclamation effectively reclaimed the mining area and restored the environment. It is important for ecological benefit
evaluation in restoration of mining area to analyze the effect of climate change and human factors on ecological environment
of mining areas. The researches concerning carbon storage of soil and vegetation in the mining area have gained a lot of results
and provide us an effective tool for further evaluating the effect of climate and human activity on environment in the areas. In
this study, we estimated vegetation carbon storage using a modified CASA (Carnegie Ames Stanford Approach, CASA) model
in Ji’ning where the environment had been highly disturbed by mining and reclamation activities. Then Chikug’ model was used
to evaluate the effects of both climate change on carbon storage of the mining area. The results suggested that: 1) with year 2003 as
a key point, the carbon storage in the research area increased from 1987 to 2003, and then decreased till 2010, and increased
again during 2010-2014. The carbon storage of the study area in 2003 was the highest point (4 645.738 t) during the
study period, and in 2010 was the lowest point (3 687.741 t). 2) The net primary productivity (NPP) of vegetation in the
mining area was changed by comprehensive effect of both climate and human activity. The range of disturbance of
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climate change on carbon density was 2.832-9.465 g-m™, the range of disturbance of mining activities on carbon density was
9.897-13.435 g-m™2, and the range of disturbance of combined mining activities and land reclamation on carbon density was
11.132-12.839 g-m 2. The amplitude of carbon density was 2.832-9.465 g-m 2 influenced by climate change, 9.897-
13.435 g-m™? influenced by mining activities, and 11.132-12.839 g-m™ influenced by combined effect of coal mining and
mining land restoration. Although the change of carbon density in the mining area was influenced by both climate change and
anthropic factors, the influence of anthropic activity was stronger than climate change on the change of carbon density. 3) Coal
mining destroyed cultivated lands and ecological environment, which led to a severe loss of carbon store. The carbon storage
loss was 30.503 t in 1987-1995, 38.963 t in 1995-2003, and 189.709 t in 2003-2014. 4) Coal mining activity obviously
increased the loss of vegetation carbon storage in this area, but land reclamation recovered the loss, and the maximum
recovery was 4.731%. This, to a certain extent, alleviated the destruction of ecological environment due to coal mining
activities. Therefore, land reclamation was a powerful strategy for alleviating ecological damage due to mining activities,
and improving soil productivity.

Keywords Coal mining area; Climate change; Coal mining activity; Land reclamation; Vegetation carbon store
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Fig. 1 Location of the research area
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Table 1 Areas of different land cover types in different years in the study area
Area (hm?)
Kappa Overall
Year Kappa coefficient classification
Water area Construction land Unutilized land Agricultural land accuracy (%)
1987 73.53 4559.11 5342.33 14 513.58 0.95 96.35
1995 504.54 4107.60 5265.53 14 610.88 0.99 99.55
2003 755.21 4213.36 5261.14 14 658.84 0.93 94.58
2010 2 288.33 4949.67 4961.06 12 589.49 0.97 97.91
2014 3 256.86 6302.90 5479.84 10 048.95 0.99 99.27
2 BETE @ |
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Fig. 2 Distribution of the NPP in the studied mining area in different years
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Table 2 Vegetation carbon storage of different land cover types in research area in different years

Carbon storage (t)

Land cover type 1987 1995 2003 2010 2014
Water area 20.133 60.858 118.432 331.886 485.321
Construction land 468.681 462.237 538.748 510.148 753.599
Unutilized land 614.997 810.251 817.329 593.941 754.378
Agricultural land 2 692.824 2796.398 3171.230 2251.766 1771.322
Total 3796.636 4129.744 4 645.738 3 687.741 3764.621
13.435 g-m™>, 2003—2010 9.897~11.132 g'm?, 2 985.03 hm?,
2010—2014 11.132~12.839 g:m™* , 11.57%,

E
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http://www.ecoagri.ac.cn



1442 2015 23

o 100
’ g
=]
2 50F
et ©
, ( oF
) D 22 o . . A .
’ fﬁ & 1987—1995 1995—2003 2(j03—2010 2010—2014
TEE
’ S5 T -s50f
> = go
®e
;2) , & 100}
<
=
< 150t
4y Year
’ 3 FREMRT XnEEFTHTLE
Fig. 3 Annual average change of carbon storage in the studied
( 9%, mining area in different years

R3 FREMSRTUNT XERKREEMREEMS R

Table 3 Impact of climate change on vegetation carbon storage and carbon density in the studied mining area in different years

Carbon density (g-m™)

Carbon storage

Year Maximum Minimum Mean ()

1987 5.749 4.937 5.281 1992.824
1995 3.690 3.343 3.505 1807.273
2003 9.465 8.983 9.167 2117.513
2010 4.153 2.832 3.981 1 834.125
2014 4.699 3.579 4.659 1 842.398

x4 TREHHRRRBRMER LHAER

Table 4 Areas of damaged land and reclaimed land in the studied mining area in different years hm
Land type 1987 1995 2003 2010 2014
Damaged land 0 431.01 654.66 2 806.47 2 985.03
Undamaged land 0 431.01 320.58 2 059.83 2 126.07
Reclaimed land 0 0 334.08 746.64 858.96

RS5 FRERANEZHR XERKBREEFRKEHZE

Table 5 Effect of human factor on vegetation carbon storage and carbon loss rate in the studied mining area in different years

Carbon storage (t) Carbon loss rate (%)
Year
Non-human disturbance ~ Mining activities disturbance Land reclamation disturbance Mining activities Land reclamation
1987 553.837 — — — —
1995 571.309 540.806 — 5.339 —
2003 645.768 606.806 626.689 6.034 2.955
2010 533.905 438.971 464.228 17.781 13.050
2014 526.169 431.403 452.360 18.011 14.028
5 , ,
, 1995 2003 2010 2014 , ,
30.503t 38.963t 94.933t 94.776't ,
1987 1375 ta’' 1996
2006 2 700 ta’, ,
, 2014 , 858.96 hm?,
2985.03 hm? , 28.78% 5 ,
, 1987—2014 ,
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