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Abstract: The exploitation of mineral resources has promoted rapid economic growth, but it has also
caused mining areas to have increased surface thermal flux, which has a negative impact on the ecolog-
ical environment. In this study, using on Landsat satellite remote sensing images of the study area
from 2000 to 2018, the radiative transfer equation method was used to invert Land Surface Tempera-
ture (LST). VFC in the study area was inverted based on the Normalized Difference Vegetation Index
(NDVI) -Dry Fuel Index (DFI) three-component pixel model. Mixed pixels were decomposed into
Photosynthetic Vegetation (PV ), Non-Photosynthetic Vegetation (NPV) , and Bare Soil (BS). Based
on the four ecological parameters, Factional Cover of Photosynthetic Vegetation (f;,), Normalized Dif-
ference Moisture Index (NDMI) , Normalized Difference Built-up Index (NDBI) , and Bare Soil In-
dex (BSI), a remote sensing integrated ecological index (RSIEI) model which can comprehensively
evaluate the differentiation effect of the surface thermal environment in mining intensive areas is pro-
posed using Principal Component Analysis (PCA). The relationship between the differentiation effect
of the surface thermal environment and the quality of the ecological environment was studied using the
heat island variation index. The results showed that the NDVI-DFI feature space of the study area con-
forms to the basic assumption of the three-component pixel model. And the four ecological parameters
are closely related to the differentiation effect of the surface thermal environment. From the regression
equation of the four ecological parameters and LST in study area over three years, it can be seen that f,,
and NDMI has a significant linear negative correlation with LST (p<0. 01) ; NDBI and BSI have a sig-
nificant linear positive correlation with LST (p<0.01). The spatial distribution of normalized RSIEI
images and normalized LST images of study area showed an inverse spatial correlation, i. e. , the areas
with high RSIEI (good ecological quality) in the study area correspond to the areas with low LST and
vice versa. The quantitative regression analysis of RSIEI and LST in 3 years in 4 mining intensive ar-
eas shows that, when RSIEI is increased by 10%, LST was decreased by 0. 67 - 0. 77°C. It is proved
that the RSIEI model based on Principal Component Analysis (PCA) is suitable for the comprehensive
evaluation of the surface thermal environment differentiation effect in mining intensive areas.

Key words: remote sensing, land surface temperature, biophysical parameters, mining intensive area,
RSIEI model
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1. fpv were inverted using the NDVI-DFI three-component pixel model.

2. The soil moisture index: NDMI = (R,,;;—Rui)/ (Rpir R ir)

3. Normalized Difference Build-Up Index: NDBI = (R i, - Ruir)/(Rpir + Ruir)

4. Bare Soil Index: BSI = [(Rwir1tRrea)~ ( RouetRuin)l/[ (Rowir1 T Rrea)H( RotuetRuir)]

of the index in the image, respectively.

Standardization of indexes: NI = (I - I,in) / (Imax = Zmin)
Where I denotes the value of the index and 7,,,, and I,,;, denote the maximum and minimum values

v
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Fig. 3 RSIEI flow chart of calculation
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Table 2 Atmospheric correction parameters in the

study area
KRAKIESEL 2000-9-6 2008-9-12 2018-9-8
MAIM B RRBL T 0.92 0. 80 0. 83
KA FERSTSEREL, 0.55 1.51 1.27
KA MR L, 0.96 2.51 2.14
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o KB Mt B THTM ERH kIR
A 17.53 22,53 31.38  27.62 16.78

B 18.62 22.23  32.26 26.56 15.25
2000 4F
C 18.44 21.07 31.59  28.11 14.97
D 19.03 22.01 31.21 27.74 15.36
A 26,20 28.11 37.52  29.80 22.53
B 27.78 30.47 37.88  31.12 21.58
2008 4F
C 27.10 30.97 36.87  32.19 20.22
D 26.94 29.68 36.99 29.87 21.87
A 25.25 31.77 36.78  33.54 22.61
B 26.32  32.01 37.21  33.33 22.02
2018 4F
C 25.88 32.58  36.82  34.25 21.32

D 25.78  30.15 36.32 32.89  20.20
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Fig. 7 Spatial distribution of LST in study area from 2000 to 2018
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Table 4 Single factor regression results based on four normalized ecological parameters(x) and normalized LST(y)

of 2018
Town Joy — LST NDMI - LST NDBI - LST BSI - LST
R y==7. 54x +35.09 y=-8.43x +35.39 y = 8.25x + 26. 88 y=8.45x +26. 71
R*=0.45 R*=0.59 R*=0.55 R*=0.63
N y==9.02x +35. 31 y=-10. 14x + 35. 32 y = 10. 00x + 25. 05 y=8.63x +25. 58
R*=0.61 R*=0.75 R>=0.74 R*=0.76
. y=-7.63x+35.00 y=-8.22x+34.79 y=8.48x +26.36 y=7.83x +26.62
R*=0.46 R*=0.64 R*=0.59 R*=0.61
b y=-8.42x + 34.70 y=-9.17x + 34.98 y=09.16x + 25. 64 y=8.28x +25.91
R*=0.69 R*=0.381 R*=0.81 R*=0.82
RS 2000~2018 F 4 phR EMWIBIEIRE MRS 4T
Table 5 Principal component analysis of four factors from 2000 to 2018
Ay Ei=tan 951 F 0 952 F oy 953 F o 954 F oy
Year Indicator PCA, PCA, PCA, PCA,
FHIEE DTk
2000 96. 49 3.20 0.31 0. 00
Percent of Eigenvalue(%)
R 5 56
2008 i 92.50 7.04 0.47 0. 00
Percent of Figenvalue(% )
FHIEE DTk
2018 92.50 6. 36 1.13 0. 00

Percent of Eigenvalue(% )

FrAE , 1545 203E 22 17 3 W RSIETSAR , A H £
A B.C.DRBEINFIFATERI, 20 54K 5E 2000,
2008 Fl12018 4 4 4~ £ FE i & AR BE 43 57 R4 X 4 4~
i 2% A2 W) ) B AS Br 1 Z5 5 e b LA (R 6) o RSIEL
BRI FEFREE 1 T RS (PCA,) Y Ek far op £, AT NDMI
X 2 48 FR-5 NDBI M BSIATF5 4 2, & B 4 A~ 4545
Xof i R FRER B R 9 4 FHAS [A], He v NDBIFI BST AT b
FEUR BRI IEAEFH £, AT NDMI X i 28 35 5 A F IR
YEF . JF H 3 W521% 44 £ S NDMI 28 ff (5 34 K
T fo s VAW TEZE B 23T 4 DA 538 BRI, NDMI X
FPEIRVERI K T £,y s B2 2008 4F £ 45 A Fl1 2018 4F £ 4
AT CZAk, BSIE AT {E YK T NDBL, Ut IFELR & 41
M 44 SR AR, BST Xt 2 36 95/ K F NDBI
L2018 4F 2 41 B A 4] , 76 5L K - [ 43 Afr s, NDBI
F1 BSI %33 11 10% , b 2 W5 B2 AR Y [ F+ 1. 00°C il
0. 86°C., Ui W] NDBI X b & FH il 5 B 2 /& T BSI; 1M
LR Z2 T 1Y RSIETBL Y ER 1 32 40w, BST#K far
KT NDBI, 5 BHZ5 54341 4 4~ P 206 LST 19 9K s
FHET, BST X 1 2% Tt 3 58 B 22 /%5 T NDBI, AJ UL |y F
TF 5 X Hh 2 S PR B 5 0 1 2 vy 22 b R 28 2L R
g i), B R T N RE T R L AR S S S
FR LR A ELC R

F6 2000~2018 F 4R AW WIBIE IR PCAL E T 483t
&

Table 6 The four biophysical indicators PCA, load

statistics from 2000 to 2018

iy X Sov NDMI NDBI BSI
A -0. 4800 -0. 5079 0.5042 0.5074

5000 B -0. 4392 -0.5115 0.5107 0.5336
C —-0. 4358 -0.5072 0.5091 0.5418
D -0. 4072 -0.5102 0.5132 0.5572
A —-0. 4651 -0.5157 0.5138 0.5038
B -0. 4440 -0.5122 0.5106 0.5290

2008
C -0. 3756 -0. 5318 0.5314 0. 5420
D -0.3183 -0. 5462 0. 5465 0. 5492
A -0. 4963 -0. 5061 0. 5015 0.4961
B —-0. 4624 -0.5112 0.5079 0.5166

2018 C —-0. 4430 -0.5191 0.5182 0.5155
D —0. 4448 -0. 5077 0.5074 0. 5356

PCA, #fai {04 8% RSIEL A BTk . £, JNDMI NDBI, BSI
M RSIEL 3 B0 F e A A0 o6 B 1 b E 3 FE b R HLE A
W FE BRI R A R AR

2.3 MRMIFE S RN KR = IKBSIHLE]
2.3.1 ETFRSIEI{itRH/IMERRIER TR
HLE

NIRTT RSTET X i R FAFR T 73 5 RO 1Y e 25 K
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Fig. 8 Spatial distribution patterns of LST and RSIEI in the
study area on 2018

(a) HP IR R X AR IR X AR X s R X A e i
X, 5K Ob h AR T L R4 AF R 2E R
X3, AT K AR S G, A LST Ay 25 [ 43 A
— ERRE 5 2 RSIEL AY 25 (6] 40 A, L 2Z IR 9K o
25015 2018 4F A £ B R AR BT 4y 53 E v 1)
i il X I T KRG N , PV 434 B Ak, BSL 43
e, e il R AR ON AR R U, de s IR RS
42.23°C,

Sk it — 2w AL A AT WAL 2 BT b T & A
X b 2 SR BT I 25 S PR HLERL , LA 0. 2 A 45 0] B i
5 AE 9y RSIEL AT 0 4 (K1 10) , 70 UL 55 R
Gp AR B2 RN 2E SANSEGL, IEXE 3 ARy A A
G LTS (R 7).

mmm Low temperature[<-0.90)

B Sub-low temperature|-0.90~—0.30)
Medium temperature[-(.30~0,10)
Sub-high temperature[-0,10~0.30)

I High temperature[>0.30]

I Poor RSIEI [< 0.42)
Sceong worst RSIEI [0.42~0.70)
Medium RSIEI [0.70~0.85)
I Second best RSIEI [0.85~1.10)
I Good RSIEI [>1.10]

K9 20184F A S R IAIAET /0 57 [ 5 AR A PR TR 20 5 4T - (a) b FHMIRIE SR S8 (b) AR S RBE R 4 5314
Fig. 9 Spatial distribution patterns of LST and RSIEI in the A town on 2018.
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Fig. 10 Spatial distribution of RSIEI in study area from 2000 to 2018
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Table 7 The RSIEI rating changes from 2000 to 2018

TR % AR A I
2008
A% RSIED X 2000— 2000—
2000 2008 2018 —
2008 2018
2018
A 18.86 17.08 20.30 -1.78 2.5 1.44
) B 5.9320.7513.31 7.91 -7.44 7.38
7%= 0~0.2
C 3.36 6.46 519 3.1 -1.27 1.83
D 1.33 3.05 3.63 1.72 0.59 2.30
A 9.41 18.64 15.55 9.23 -3.09  6.14
} B 4.3223.56 12.56  8.25 -l11 8.24
22 0.2~0.4
C  5.0413.58 12.40  8.54 -1.18  17.36
D 2.3510.18 10.12  7.83 -0.06 7.77
A 8.9116.89 14.71  7.98 -2.18 5.8
B 5.7512.29 14.41 7.84 2.12 8.66
4 0. 4~0. 6
C  6.8018.91 15.71 12.11 -3.2 8.91
D  4.5318.17 14.01 13.64 -4.16  9.48
A 8.48 13.51 12.70  5.03 —0.81  4.22
B 681 1.9814.43 6.82 12.45 7.62
K& 0.6~0.8
C  6.1019.64 15.16 13.54 -4.48  9.06
D 5.2522.86 15.95 17.61 -6.92 10.70
A 54.34 33.88 36.74 -20.46 2.86 -17.6
‘ B 77.19 41.43 45.29 -30.82 3.86 -31.9
7 0.8~1
C  78.70 41.41 51.54 -37.29 10.13 -27.16
D 86.54 45.74 56.29 -40.8 10.55 -30.25

F & 10 A1 7 0] 41, 2000 45\ Ak T AR 5 R
W1, 40 S NI ER R KD WA S BIRA
K, B Z B T A 40 75 0 ) DXk AR R,
A TR Bk A K B s 2 R S T

TR FH AR R R S R M A5 DX 25 B 22 GO Y
DI FE A /NG 2000 4E DL BE B 5 1Y R HAR T
K, K ag b ApF b bl o5 A SLARELARIR S B, A
AP IR TR BE IR, K T AR A i b 3 1D B B0
FEU T, BT 2008 AFA 75 X3 1 L4 2000 4
IR 25 22 O DX T R L R
2008 4 LLJ , F T ORI 4 B LA OR3P 1A, 97
XA SR T 4R 220 St AH R iR TAE S B RAUCR
b A AR I P B L 2018 AFAIE 75 45 i ARANAY
FL 2008 4F A3 T g hn . K11 k3 Wi g 442
HA RSIELA(EAREAF L
2.3.2 MiRMINE S F X RSIEI B E 2 M 5z
bYILES

KT ERIN S LA B.C.D H RIS 5
AN RSIETL i) i LA , LA 2018 45 A5, A T Are-
GIS10. 2 5 AH7E RSIEL J2 LST §44% |43 S B 1004
BEHL S, R B 1k S T A, 15 RS 2 AR B KT
60 K . F H SPSS22. 0 K {4 4% LST 1k 2 IR A8 &,
RSIEIE A A A8 A 2tk a8 (& 12) o

SEHFW] RSIEL S LSTH R MEMAH E R,
e ZECR 254 0. 63.0. 66.0. 59 F10. 56, F-i i
T p<0. 01 [ 0 FPERR S0, by [0l 0 R BT 11, A S
() RSIEME A T T 10% , #b 218 BE AN T F% 0. 67°C;
B £ HAY RSIET B AE LT 10% , Mo F IR FEAH R T B
0. 70°C; C i RSIEL f{E B T+ 10% , M1 2 15 2 AH 1
FR#0.76°C; D [ RSIEL BYMEAE_ T 10% , b 35 1
FRE R R 0. 77°C,
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Fig. 12 Single factor regression results based on RSIEI(x) and normalized LST(y) of 2018
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Fig. 13 Comparison of normalized RSIEI and normalized LST between four mining intensive towns and four non mining inten-

sive towns in 2018
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