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Abstract: Coal mines have long supported industries worldwide. Coal mine spoil heaps are unstable piles of
waste coal or lignite that collapse easily. Therefore, to increase the safety of former coal mines, it is important to
stabilize spoil-heap slopes. Vegetation recovery stabilizes slopes by preventing soil-surface erosion. This study
clarified the effects of various factors on vegetation recovery and provides guidelines for vegetation recovery and
its management. The study sites were 15 spoil heaps in Sorachi General Promotion Bureau, Hokkaido, Japan.
To investigate factors affecting vegetation recovery, we examined the effects of the percentage of surrounding
forest, topographic wetness index, slope, percentage of landform alteration, presence or absence of afforestation,
number of years since the coal mine closed, vegetation cover, and average tree height. The results showed that
the number of years and slope affected vegetation recovery and implied that the vegetation on a spoil heap is
likely to change to woody vegetation over time, after abandonment of the mine. A negative effect of the mean
slope on vegetation recovery was prominent for slopes > 25°. This is likely to be related to the angle of repose of
the soil. A greater mean slope leads to loss of seeds and inhibition of plant establishment due to increased surface
erosion. The vegetation cover ratio on spoil heaps with an average slope < 25° can reach 75% after 42 years
through natural succession, whereas revegetation practices are required to restore vegetation on slopes > 25°,
This serves as a reference angle for a revegetation guideline, for vegetation recovery at coal-mine sites.
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LB 2 5 2 351 5970 1L ORE AR & A B4R SR

20

R ()

TR )
5. R & P& OBIR (TR 90%E X 2719,

TEReE (%)
40 60 80 100

20

T T
15 20

TAIHE € )
7. R L AEHEROBILR (Segmented [R1)7)

(RBRSRRSEHEL 57 48 (e KfiE) Zon L, ERUTRhEAE
41.7 4 CEIME), B> MRUIRRE R 26 4F (i ME) 2779.)

BB E RS TWD (Kirmer ef al. 2008). 7= &
21X, Fx A IEMERBICE T 50 1A E e REE
B COFAETIL, EEFT HHEMFEDK 1 HIH 1K
fERFECH - 7230 IR STV S (Rehounkova
et al. 2020) . AMFFE TIFFRIERL D ZALCER O it e
IR, ERROWWEGFDO L ST, HARTHTY
L3k 2 7R /B FE O B /R AR B & 7 o THUI D 42
MEFRRMEORRICE R T D AREMER B D720, 41k
FWvo, Eo XS AR REST DD, HAEOKXK
IR & OFERERR O EOFRENLETH 5.

BHE IR L P EIC R LT, ADREE K
EL TV, BHEOBRICHEY, #BEndotmbo
MHEITEKT 25 2 &AM 5N TS (Huat ef al.
2006). Z LT, HAERROEITICIVTIEZ Ofn
FHETHDLZ R ER>TVND (Cerda &
Garcfa-Fayos 1997). LA EJ Y, RENRKE LD
O, RERELHERKLTWD RIS, —F,
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HICLVMOREICH LADRE L KIFT
(Espigares et al. 2011). ZHHDZ Lnn, 0 LD
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REORE IV HEOREREITHEL, HEHOWE
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WO EBIERMAAE L TWA EB X LD, ZEHHT D
T 0BV TR & RUE O BIMRMIL 257 CTZ1L
THZENbroTo. TOLHORRICHIKFET 273,
THEOZEANEEL TNDEBLLND (Metcalf
1966 ; Guo et al. 2014) . ARWFZEOFERIL, 25° LT
DOF D LN F O TR 60% £ TREIET H121% 26
FEREL, 3% ETHETL7OITITRELZETD
ZELHEMNT Aol —F, 25° BLEIZ D R
OBV RIT 2RI T8 2 0D,
TADOREITH LW 2R LT D, RHE L E
PR L FROBRMIIAF RISV THiZ I b
THIRTH D LB X b, MAEREZRGFT 5B
FREFE LCTRIATE . L LA s, & RELpii
TOHIK-S< 0 ZHEME L, R iTHEAREELZ L v 3%
FZFHE LT 72Dzt &0 ki 2 Eig
ROEALSCEL OB A ML, HArZ L ofRirs
R 2 A R RIE TR AR D LR 5.
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(Sebelikové et al. 2019). = @ X 9 7p ik TRIE OF%
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A A D B T2 0T, FHEE T D0 Lok
{ETENPMELLEZGNRD. £, AL R
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FT DO 1 >OHWE KL E L COMRRT 2 Z &7
MR C& B, AR, RN O FE I FE O JE
PRl A FERRER L, SUIRi) - BLEH 72 iR~ Eni
LHRABNIREE TS (Pardo Abad 2017). EERIZ
RAY DO — VHIG CILEXEEE LA LRIES
A, IRELOIE S & % IR 2 D B RS & E -
T W3 & v x %5 (Somoza-Medina & Monteserin-
Abella 2021). 0 (L, WERIFRE & & HITha 2k
PITW L IREEMEFR 6 L, RS D fF7E & e
EORZSEHRRMIEZD LD L LTHIELES
Me—DHEFETHD. Z OWREEX RWICH Tz o THERF
LTV 2dlziE, ZetEomnT o LofEk, &
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AKRIRGE R U LT H0 T b BRSSO AR TG SO o % 7%
SiE L LCHIATE % &9 ICHilk o 5 2 235 %
1195 (K 8) 7 &, IRELEEZTEH L7 3< 0 217
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BEANBAKRTaY 27 b TEKRRRIET 0 (L
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