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Fig. 1 The geographical location of the reference area and the basic location of the eight mining areas

23 HIEEM

FEWFFE R v N FH ) P B e Lk 1., Horp
BB R MRT $E47 46 U s (5 4552,
F Avepy JEATECHE AL BE, (045 A A R B8 . 1R
TCRUE R R (R s BT 4l ek ) - TR
PRI R0 X L 3 8 45 5 78k Ak Pt AR

TCRE FN I TR B T — AR ARG E, A S
EFIF T EN 38T o ARG B AE R AT A Ak B )
A B SE , RHE 38 v HE 4 A7 1 R 3k s Bk
oA (B A AR B0, P TR AR XA KR 4 i B
123 [0 20 HER A 500 m, PRI MOHE T A A A4 50 4
RAEH 500 mo

F1 FEEEERN
Table 1 Detailed data

SR

B2 i 44 7y S R M JE b
HHR ZErE
MODIS-MCD12Q1 B4 500m — 2001—2019
MODIS-MCD15A2H 8K 500m FPAR 2001—2019
MODIS-MOD16A3GF FAE 500 m ET\PET 2001—2019
A

MODIS-MOD44B H4E 250m Percent_NonVegetated 2001—2019
MODIS-MOD17A3H B4 500 m NPP 2001—2019
ASTER_GLOBAL_DEM 2009 30m DEM 2001—2019
R e i) 5 i A H 25km L R 2001—2019
_ o [ st AT A R (SO 4R HH — Rk R IR AR 2001—2019
TR ]l T A R HE B 5 H — [/ QT T T3 2 2001—2019
o R A G A R PR AS Hel HE AR B 3 (ARG 42 AH — HKPH H 4m st 2001—2019

IR FET S A HERAE 2 (HWSD) B9 b 8 4R v1.1 la Tkm  HHE Mgtk & 2009




PINGH 45+ RAUME R HEH A 25 R e I 55 D) RE A8 AT A B s 72 73-#r 929

3 W5k

FEA By 38 BRI K 3 R, A% 5R 2001 4FE—
2019 4F T AR SEH AR Y L B AL VD L A R A
KR F7 A AR R X LI S R GRS g
Itz F it [ 7 8 A A o b s, WA RS R
G s heeAetl, ML IEe X A2 &R S AE
AR
3.1 RRATHIhEE

SR RIEAER RGBS AR REE R AL
WS R FHAE, BEACAR . B <08, SEA
SRS AP IEFE L A TR . WS RGN
FERY BE I SR 1 DU RE B P P b, AR S
HARIHR AT

CR(Q = ETE - NRE (1)
ETE = h, X ET )

i =3650r366

> (ax Q. xFPAR)  (3)

A B, CRQ MBS RS FE 0y K BH 4% 5 fig &
(MJ/m*/a) ; ETE F NRE 435l 4 28 R Gt 22 S AE H]
T4 B4 A H 6 S5 A 2 0 AV W AL A K H 6 A
A (MJ/m/a) (BKBHE = %, 2020); ET N4
BoE i (kg/m¥a), H#EREHETS 25 A, (Latent
heat of vaporization) RV ALTEI, 7E 0.1 MPa b5 ifE
KAET, KEFRMS B RS #AaGt, Ba=
2257 MJ/kg; i TR —4ERE i H; Q. —F
85 HOERESH B E (MJ/md), b S 5E A6
58] afRFOGCEA BERSS 5 K B EER S 0 il
— BB 45%; FPAR,A—4F-H 30 i H R W e
AR R (%), REBBRAEAR,

3.2 EmBFERINEE

] e o 4 ) B £ 375 2B A8 R L I B FURE T AL R
PRy, [ BRIETE A RA S RGO Y €O,
B PLBT, K % 8] R e AR el P A D RE
JIr LA T g e i A= A5 R A7 ) (NEP) i he

Qco, = My, /M. x NEP “4)
NEP = a X NPP X M IM o, %)

W pEi R/ bR e (I ICNERAY - 5/ €2
MORE R, ARG GV R, AR 1 ok T
AR,

NRE =

Qoz = ]Moz/]wco2 x Qco: (6)

o, Qoo B Qy, il Hiu A= 745 32 G ] it dt R RS A o
(kg/m*/a) ; NEP FINPP 435l H i A= B R G A )
) 9k 77 J1 (kg/m*a) , NPP i 1% B8 I
(MODIS-MOD17A3H) $#2£HU3k1%; o & NEP 5 NPP
[R5 R 80, BT X AS [R] M 2 78 35 2R SR OAS [R)
e 2 FEHBIR0.169, HEHLANE I 0.135, {BHL
I 0.056, #f b 1 g 15 FH M 55 T AT Bl A 55 X 0
Mo IM =44112, N CEAALN COMIREL, Mo /My 0=
721162, R THIHAL R CHIREL, M, /My X Qo=
32/44 J CO 564 ]y O, R B (IKBH&E = 45,
2020) .
3.3 KiEEFRINEE

AKUR IR T e s K AR (AR
&, 2020), BEARIEEARWT

Q,=P-R-ET (7)

A, QKRS E (mm/ma); P, R, ET4>
BN PE R . MR R R L B, PR
K (mm/m’/a) ; 8RR FH 3 BB AT, BT
AR ARG B N R R A DU AR i
SCS—CN LAY | [ i 15 540 A e Ja - b 1) P 26 R4
Pt

(P-1)
A P > Ia
R=¢(P-1,+5) ®)
0, P<lI,
I, =S ©))
25400
= - 254 1
S =N 5 (10)

K, 1,0 Soul B E AR KA B E, AN
(mm/m*a) ; o HPIHIA,  RIRE & b
B . BRSNS, CN R
B, mATHEERE AR B A
TR BANREILFER, 454 HF5E X A0 BB 5E
HABAFGE 25 B F 0=0.15; BHHASRGH CNE

K75, WERAEBZRG 65, #HiiE B ER% N0,
AR LN 81, #ii A2 R G0 00, WM HER 98

CEULE, 20165 5KkFH 9% 4%, 2003),
3.4 BAREIhEE

7 XU [ 70 T RE 2 8 A2 25 2 G20 R KU S B
() R S AR fE E I Ih e, A SCRETBIER
KA #l (RWEQ) fH5 (XIFIE %5, 2021;
REZMEKHEZ, 2020), HAHEARINT .



930 National Remote Sensing Bulletin i & 54k 2024, 28(4)

Qsf = 0.1699 x (WF x EF x SCF x K,)1.3711 y
(1-¢.)
o, Qsf WBIIH B8 (lyear) s WF Jy Tk
@M T EF b T (Skidmore Al
Tatarko, 1990), SCF b +3E45 AT (Hagen 55,
1992); K' WMiHKE LN 15 C, WAESE 3 T
B U IR b, Hog 4510 T U 0—1.
(1) KAfzph A+

N
> WS,(WS, - WS,)" xp,
i=1

(11)

WF =

x SW x SD (12)
g

1.013 - 0.1183EL + 0.0048EL’
T

ET

B (14)
A, WS, M2 mME b XGE (m/s), RIS
AR WS, 2 m AbIG SR (e 8 5 m/s)
(Zhang %, 2019); p, A SHEE (kgm’); g W
TR E (m/s?); SWAEHERERN T (%); EL
JUFREE (km), FIH DEMBEAPEGAS; T
xR E (K) 5 ETFIET, by S2 by A e A0 2% %
& (mm). SDNFEHHT (%), M1 EHTH
i BEN A SR KT 25.4 mm (OHER, @I

p, = 348.0

(13)

SW =

¥lgeita s,
(2) HRHBEER T (B2 5, 2014)
1
K' = 15
cos(6) (15)

Kb, OB, AR,
(3) HgEBEEH T (Bilbro Ml Fryrear, 1994)
C, = 60 (16)
K, SCHEBERE (%),
35 LTIEREFINEE
TIEAFF YR R AES KRB M ME)Z . MR
Y. MARESAD BB M, 1S+ %
brimtk, CREE-IEMDIRE. HEREETIRERE
& IE (38 FHK 3k 7 # (RUSLE) 35 (R
W 45, 2012).
Qsr=RxKxLxSx(l-C,) (17)
A, Qsr WA FRE (Um¥a); RAWFFEIIR R
JIAF (K %, 2018); LAKE T, SHyEHE
W, FACR ZFEB AR (2=peh &,
2011); C MMEW A mAE RN T, SR
BO(P) FIBESY (S) IWWHEIM; KRhtHEn

MR T, Hop RIS R (P) FMBBEHR

(S.) feBhig s+ R 2R e . CADFEERM,

RS RECHNS B SRS R R R 2R R 1)

FHOG, T BERRE AN B R /NI Sy« Sl > A b >

WEARSHOHIS MM (ZFRAE 45, 2002), RO E dn

F2 PRI IR RE (P) FBESEY (S).
2 TEEMREBSSEER

Table 2 Soil structure coefficient and permeability grade

P, X LHRIHZEAL| S, = + R 2
ST Wk 1 ARE IR A
2 ek HEAR L
2 R[]
3 i O Mty
4 g pSil B
i 3 I [
5 12 3 S AR
I biis:
6 HiEk 4 1< [i]
T bivs:

3.6 BETHSH

B 18] )7 31 e 3448 6 43 B O 12k 32 22 1 Mann—
Kendall 4F 2 80k % (8 % MK 4387 ) (Sun %,
2021) . MK 4347 & H g w2 v H 0 s [a] )7
G F M T, REAR G b 38 7R s i) 7 80 50 1
AR F . MK 4B B 25 R — e ey Z
B, R z2<-2.57, WA RHE BN 5B E N
(5 WR-2.57<2<-1.96, WA HASfL 32 B 3%
TRER; WNE-1.96<2<1.96, WA K78k It A
AR s AR 1.96<2<2.57, WA KA AL e B2
T iR 2>2.57, WA Sk AR b AOR AR
T

4  ZERSHT

41 MHEZEREN

T U AR SCAR A SR T, i AT L
AR SO AR S R G IR S5 D ae AR ki (MK
SrRTEY ZAE) AL Ty vk SRk e 445 H I AR L
P, B2 RXF LA g R, Hodh SR T D ae K
5 77 DI RE Y LL BT G2 o < o ] Bl b S PR 28 TR
BORE” e R (57 4%, 2019), BRUE T
DIRE M FL X 42 < o ) b 1 <A 8t B (B0 H
7 Mt Eas R, IR A DI RE I LR 5 X
RigFAE (2021) SCHEKTPAFZE Tk it g R, +
BLRFFDIRE Y LUK N Zhang 55 (2016) SCHRH



PINGH 45+ RAUME R HEH A 25 R e I 55 D) RE A8 AT A B s 72 73-#r

931

5T i T4

WmE 2 s, B HrE T, HEARA
BN KT 12000, HIRHEMHIEZEL (Pearson’s 1)
PJR T 0.59, RMSE AL H 1E0.15—0.72. L
ISR, AR SOA R 25 SR S H Ay 2k s B 4

HRACR LB EA —2, W] T AR SO 545
REEHEE AN, FEASCS. A S R
JEARAC R OB, DL R 5 BRI A A 4 e A o B
E T AR AL A 5 B

6 6
6 [ .
4t - & al o ¥
4r 23 £
Moot i g .o v g o O
p . . B o p L Ry .o,
3 g SR : 5 v
& 0 e ] 1 & & x4,
)| A, = ': 2 0f - B
o~ ‘e el v/ 0 r : ~¢/. o° 2% ¢
w2 3 '..-""tg P, 1 ’ wisiz | X Y N: 14077
-4+ ﬁ@ﬁ'ﬁ e, o N:13668] 2t Pearson’s r: 0.5940 2 £ Pearson’s 1: 0.9512
e “RMSE: 0.7150 RMSE: 0.2399 RMSE: 0.2612
Pearson’s 1: 0.5440 . . . . ’ ) X
~6 -4 -2 0 2 4 6 -4 =2 0 2 4 6 -4 ~2 0 2 4 6
¥ W RrS A RTT ¥ WIRES
(a) AT (b) Bjj R Vb (c) [t
(a) Climate regulation (b) Wind prevention and sand fixation (¢) Carbon sequestration
6 2 4
4+ <A
o 0 * 0000880ca0est 2+
Pl O g ‘i H "
R 2} T et .‘v I ... e ::c 4
= R 2,1 2 ool e '3
& ) & - e & .
g 0y LR 2 R £
K 5 Noao77 | OE | e g A " .
2l g Pearson’sr: 09512 | : I N:13531 7
<] RMSE: 0.2612 Pearson’s r: 0.7970 Pearson’s r: 0.5966
’ o RMSE: 0.3365 RMSE: 0.1491
-4 —I2 (I) i éll- 6 -6 -4 —2 0 2 -4 -2 0 2 4
¥ W RES A FTT A FET5 v
(d) B4 (e) FKIFF: (f) T3EfRs

(d) Oxygen release

(e) Water conservation

- ZfH (MKZ D)
B2 KA St o

— Y=X

(f) Soil conservation

Fig. 2 Comparative analysis plot of the examination results
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Table 3 Statistics on the changing trend of ecosystem service

function in Ningdong Base from 2001 to 2019
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Wi BT 33.85 99.83 73.71 0.00 0.00
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Fig. 3 Box statistical chart of ecosystem service function in the NingDong Base from 2001 to 2019
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Fig. 4 Mann—Kendall analysis on the temporal change trend of ecosystem service function in Ningdong Base from 2001 to 2019
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Fig. 5 Annual mean spatial distribution of ecosystem service function quantity in Ningdong Base from 2001 to 2019
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Fig. 6 Comparative analysis of calculation results between Ningdong Base and reference area
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Remote sensing of ecosystem service function in large coalmining base

SUN Hao',GAO Jinhua', CUI Ximin', WANG Guorui'?,LI Peixian'

1.College of Geoscience and Surveying Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China;
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Abstract: Ecosystem Service Function (ESF) is the direct benefit obtained by human beings from the ecosystem. Thus, it is significant to
monitor the ecosystem status from the perspective of ESF. Taking a large coalmining base Ningdong, China as the study area, we designed
remote sensing-based methods to calculate five important ESFs: Climate Regulation (CR), Wind prevention and Sand fixation (WS), Carbon
sequestration and Oxygen Release (CO), Water Conservation (WC), and Soil Conservation (SC). Subsequently, we capitalized on long-term
data to evaluate the spatiotemporal variation of those ESFs and evaluate the effect of coal-mining on ecosystem from the perspectives of
ESF. Results demonstrated that: (1) From 2001 to 2019, the ESF of the study area showed an overall improvement trend, where the CR, WS,
and CO have a very significant increasing trend. The WC decreased slightly, and the SC were found basically unchanged. (2) With regard to
the spatial distribution, the ESF is relatively high for areas far away from the coal-mining face, otherwise it is relatively low. (3) Contrast
analysis between coalmining area and non-coalmining area indicated that coalmining impedes the increase of ESF in the study area. The
increasing rate of CR in non-coalmining area are about twice that in coalmining area. The increasing rate of CO and WS in non-coalmining
area is about 1.5 times that of the coalmining area. The overall improvement of ESF in the study area may be the comprehensive result of
climatic environment change and artificial restoration activities. However, the overall improvement rate is significantly lower than that of
non-mining areas, which implies that the coal mining activities have caused a certain negative impact on ESF and it is still necessary to
strengthen the protection and restoration of the ecosystem.

Key words: coalmining base, remote sensing, ecosystem service function, dynamic monitoring, ecological environment, mining area, mining
impact
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