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Abstract - Ecological restoration is regarded as a major strategy for preventing biodiversity loss
and thereby enhancing ecosystem service. This study was performed to evaluate ecosystem service
value that the restored ecosystem provides. Ecosystem service was evaluated for provisioning and
regulating services. The former service was evaluated by comparing similarities in a viewpoint of
floristic composition to the reference site between the restored and the unrestored sites. Species
composition of the restored site was found to be more similar to the reference site than that of the
unrestored site and thereby restoration practice contributed for enhancing the provisioning
service. Regulating service was evaluated based on microclimate control, soil amelioration, and
improvement of water holding capacity. The value of ecosystem services in terms of microclimate
control, soil amelioration, and improvement of water holding capacity was higher in the restored
site than in the unrestored site. In consequence, ecological restoration of coal mine spoils
contributed for enhancing the ecosystem service value of the corresponding site and thereby is
rewarding the cost invested for restoration.

Key words : coal mine spoils, ecosystem function, ecosystem service, restoration, Sgrensen’s
similarity index
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o, AefA MulA FFe FAaS 7 o} (Halpern et
al. 2008; Butchart et al. 2010; Secretariat of the Convention
on Biological Diversity 2010). ¢]2]3F ¢33ko =2 Q13 A&
A wWztel AE gk Fae FHH SF AUSE, T
e 9 A ATA pEew vl WA Lotz 3)
o} (Perrings et al. 2011). ]2 E-91-2 A EriokA]l 74
5 43PA7)T Al AEiA Muls TS S7HAT17)
$st o Aoz QAT Qv (Bullock e al. 2011).

Yzdel 4914 25 % shdzA A% mining S 2
Ahoz Y47 BBe AAPo2NE Ao Bow
e oz oEATIE AL Fxm e B w3
T oz FAT 4 ¢t} (Paone et al. 1978). A H|AH o=
QA Az o8 Mk Aakre] sk 9)
o mheba] A ubrd 7] e gx] WA o] Fejz=i g
Sick. A%k 20119 FUE AGlez e T
24 B4 ol F o oliAel] Sz 27e) iz
Ao| bl goz IF|SHHA, MukFAke] g 3
Alo] T}A] Eo}x| 31 ¢t} (Larondelle and Haase 2012). u}
A Ark2d7] wigRE o oA Beod 7hsA
o) Qlx BAlolk $2luelol i Ak ARE, o}l F A
A AW Al LR A G2 7] w27}
He WAHoeg AAEl 9=l (Im 2007), 1 F A&k
7] w8 A] (coal mine spoils)7} E3] Y2 WA & 2}#]
3l32 )T} (Cho et al. 1995).
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BolA] ofg wak ope} Fule] dhHE 9HAY
VAT FAA L FAAE 29A7H A 9] 7 el
ubA ¢l ot sk n| XA ¥ v} (Bradshaw and Chadwick
1980; Yang et al. 1993; Cho et al. 1995; Slonecker and Ben-
ger 2001; Shrestha and Lal 2006; Lee et al. 2007, 2008; Vy-
mazal and Sklenicka 2012). r=3F A ebxrg| 7] 7]21-2 ook
Edo] AHE 3 A 3tE S glom, B 2 F
ol wekslm, FRETAAS AeTon A
e FEE HelA: Rololn Ao A% mAE
ZA 2] g A3k (Down 1975a, b; Adriano 2001;
Palumbo et al. 2004; Sourkova et al. 2005; Huttermann et
al. 2009). whetA] FF& SA o] AT Fellr= 1001 ¢]
A gl = E755 shasE Al AR =
1} &) 3k} (Bradshow 1984).
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Fig. 1. Maps showing the study site.
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A ] A 7]% (Garcia-Palacios et al. 2010)
o] 3xx UAEF Aln|A ]l QAo = 7] gk} (Dunnett
2011). 3pAI9F BTk o] B> A AR~
oA 7}k Q3 Fxo|o(TEEB 2011). whebA] 3=
A ] E0& 53 A Mu)x 7159 382 5
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3t} (Lee 2013).
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Table 1. Indicators for determining use of ecosystem services (MA 2005)

Provisioning services

Regulating services

Cultural services

Food
Fiber
Genetic resources

Biochemicals, natural medicines, and
pharmaceuticals*

Fresh water

Air quality regulation
Climate regulation*

Water regulation*
Erosion regulation

Water purification and waste treatment
Disease regulation

Pest regulation

Pollination

Natural hazard regulation

Soil formation and regeneration*
Photosynthesis

Primary production

Nutrient cycling

Water cycling

Spiritual and religious values
Knowledge systems

Educational values
Inspiration

Aesthetic values

Social relations

Sense of place

Cultural heritage values
Recreation and ecotourism

* chosen indicators for this study
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Table 2. Sgrensen’s similarity indices based on floristic composi-
tion among the restored, unrestored and reference sites

Restored site Reference site

Reference site 0.39
Unrestored site 0.64 0.17
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Fig. 2. A comparison of vegetation coverage among the restored,
unrestored and reference sites.
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7tz 0.39,0.17 9 0.642 vyehyde} (Table 2). o]

A4
2% A3 BUA 47} v %A 25} e F2A o]
LT A zs) o GARIAEE SJulsiel, 2 B
Fol 344 3L vA Aoz ANT 5 ek

PRE TS

EAA 4, v EAA & gl 2R 4 el o] AlF]ES v
w3t A3} (Fig. 2), BUAA40] A9]&2 85+5%= e}
W3, B B X 4 25+ 10% 18] 2 ) Z2X] A= 100% 2
Uebite}.

3w =4

E9%) 40 2]-&L 19.89+2.73°C (10.75+0.33 ~30.58
+£043°C)2 YERG T, B B4 x| 4E 25.59+3.51°C(13.54
+0.50~36.5440.66°C) 783 th2A| 4L 16944235

Microclimate
regulation
100 -

Soil formation and
regeneration

Water regulation

Fig. 3. A spidergram displays the regulating service of ecosystem
for the restored and unrestored sites. Values are standardised
between 1 and 100, where 0 exhibits the lowest, and 100 the
highest, value. line: restored site, dotted line: unrestored site.

°C (10.67+0.12~24.334+0.10°C) = Jehdt} ojgjst 2
T2 RE ke AeA Mus Frpg gl BY9R A
£ 82592 HIFEAL, vl EIA A 49.2902 7ty
Aok (Fig. 3).

4. Ep ¥

BA 2 B9 Y 2L B 4718 @
22 47 12.504+0.24% (11.54+0.29~12.944+0.50%),
4.734£0.25% (4.10+0.23~5.50£0.17%) 2! 13.08+0.32%
(12.10%£0.56~14.50+0.30%) 2 }epyge}. o)2gr Az}
25E 3k A AR|A FrPd el A B9A e
95.572 H71=E A v E-YR| 4 36.160.2 HrlE
(Fig. 3).

=
/leg Z]
Aol MAEHA BoF T =3t
rick and Wander 1998). &}#]q} X

7} Zofste] FAAET] 49w, 2oF T
A& ehd e} (Sourkova ef al. 2005). whehr] EoF g4
W3S Sale] B ol F A V)5 8-S 9l
& 5 olth FAAY EF S4FS HdE AL v E
AR 2 @ g z2A 2o M Z2 16.07+2.60% (9.14+0.25
~25.2240.17%), 6.10+0.11% (4.63+0.50~9.324+0.52
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%) @ 23.14%2.53% (17.56+0.30~32.90 +£0.40%) = 1}
ehdet. oj2st Atz RE] Akl AJejA M) 7}
oA BYA AL 6945 18] B EYR A 26.36
° 2 7k (Fig. 3).
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of dxt Helg mulste] 1 AAHE FAAA Hert
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A6 =l 71208 TR 242 FARST 4
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3t w20 = w3}3kt} (Koch and Hobbs 2007). £¢F 7l &F
F AU A ABAE olol}e] ool f7124E
FFEI, 222 §AZFST QAL A% E o] (Grant

et al. 2002; Jefferson 2004; Weir et al. 2006; Courtney et al.
2009) 243 24 Mu|AE P 4= oA "ok B
79| A BN ol F EEA ] AL 7191
AL o2 ER1E9SS HedF 3 Qo (Fig. 3).
AL 758 27 2FANPE A AT 27
7HA] 243 (MA 2005). £4] 3% wWsle 2= 1)7
F, BAMHE, B Al B Sl e w3
(MA 2005). A5k22e) 7%= Arkeleb e 7] 98]
g1z shaH Ao 714 F27} AL (KFRI
2006). Wt E3Eko 7 mA|E 70 SR HGS
£ ujjo- o) (Sourkova ef al. 2005). T3V Eok) A =
Agate] 7149 F2E Neshd SRk A o
o} (Fig. 3, Herric and Wander 1998). ]2 A3}:= =2
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A 7
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7] Mg AE 8L 3 gle] 9 F5E0] o} o
24 AE 257} ¢F 70°C7HA] £247k (Oh 2012)
2L B3 o]Fo] Wl Eoko H|Sx W HE B
N2 AR L] A& FAA o2 2H-4-3h} (Herrick and

Wander 1998). 77 & A1) 9] AJF Al AL A elxy
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A BE Al AIgo] A S8k (Fig. 2) H=

A&}t A FARE £FoR A B2EE W oY
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Fo8 FAE AAAR] A Aol BEsAG
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Zol ZWe AT AA Auze] AR 7 3}
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Zdz8ta1 9o} (Lee et al. 2011). A e &x}52] Aefdt
A AN A debe] AY e ols At
Aojo] 43 2349 W B o] F FEF: AehAol
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(Bullock er al. 2007). 3<% AefA S 43l 4%
g oug-2> A o] F A AMu|xe] ZHAH e B3}
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(TEEB 2011). o2l & 742 7he A 229 3914
& F4Y 4 At 48 AW A PPLe
AeAs »Ag 3 Sle 7Is= 4% 4 = (TEEB
2011).

LA AAL BB wAe FAA 3
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