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Inversion of Landsat 8 for soil heavy metals after terrain correction

WANG Hai-xiao', WANG Yong-hui'?
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Abstract: In order to quickly understand the pollution status and potential ecological risk of heavy metals in
the Manas watershed, DEM data was introduced into Landsat 8 OLI for terrain correction, and mathematical trans-
formations such as reciprocal, derivative, and logarithm were carried out. The PLSR prediction model of soil heavy
metals was established by selecting the highest correlation between band reflectivity and concentration of heavy met-
als from each transformation. Additionally, the distribution of heavy metals in the study area was analyzed and using
the ecological risk assessment method provided early warning for the study area. The results showed that; based on
Landsat 8 OLI, the DEM data was introduced to correct the reflectivity. Taking the B1 band reflectivity and heavy
metal Cu as an example, the coefficient of determination, R*, between the topographically corrected reflectance
values and the measured soil Cu content increased from 0.46 to 0.52, which indicated that the apparent reflectance
after topographic correction reflected the soil heavy metal condition better. The best prediction model for soil heavy
metals was used to invert the corresponding soil heavy metal content, and the soil heavy metal ecological risk index
was introduced to evaluate the soil heavy metal ecological risk in the study area. The risk level of heavy metals in

soils generally showed a tendency to weaken gradually from southwestern region to northeastern area. The ecological
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risk of the order: recovery area ( C area) > degraded area (B area) > lake into the lake ( A area). In order to veri-

fy the prediction accuracy of soil heavy metal ecological risk warning based on remote sensing, the measured data of

soil heavy metal content in the study area was also calculated by the heavy metal ecological risk index that showed

consistent results. As a result, the distribution of heavy metals in the study area could be estimated by means of re-

mote sensing. The results also indicated that the heavy metal pollution in the study area was above the alarm level,

the ecological function had begun to degrade and the treatment of heavy metal pollution in the area should be

strengthened.

Keywords: soil heavy metals; Landsat 8 OLI; terrain correction; warning assessment
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Table 1  Standard of soil ecological risk warning

XU 4540
Risk level

MR BUERR
Risk index ~ Warning type

DR R E 3

Description of risk level

ik

I;r <0 .
No warning

0<lpr<1.0

e

1.0<lp <3.0 .
Mild warning

s
Moderate

warning

3.0</, <5.0

i

Heavy warning

I

5.0<lgp

BRGNS NREFEA ST, R SHIRIEARZ T, B RGEA M, IREMENR  REIRE
TARE TR, A SR 2 R RE D,

The ecosystem service function is basically complete; the ecological environment is basically undis-
turbed; the ecosystem structure is complete; the function is strong; the system has strong recovery and
regeneration ability; the ecological problem is not significant; and the ecological disaster is less.

BRGNS IRREC 583 LSRR R BIBOR A S R G S, IR T, — PR
R RS A B3 RS RERK,

The ecosystem service function is relatively perfect; the ecological environment is less damaged; the e-
cosystem is still intact; the function is still good; the general disturbance can be restored ; the ecological
problem is not significant; and the ecological disaster is not big.

SRS IR C AT IR AL, A SFREE 2 B —EUR, A2 S R S L AL (B W ] R SR AR Th A
ZTG A, A R I, ARSI R R A,

The function of ecological services has been degraded; the ecological environment has been damaged;
and the structure of the ecosystem has changed. However, basic functions can be maintained, and it is
prone to deterioration after being disturbed. Ecological problems appear and ecological disasters occur.

RGNS IR ILT 05t , A 25l PR % A ST 2 B EROR B S R A TR BLR
& IRk AR BRI G R, A IR R AR K T & e N AR B RKE

The ecosystem service function has almost collapsed and the ecological process is difficult to reverse.
The ecological environment has been severely damaged, the structure of the ecosystem is incomplete,
the function is lost, the ecological restoration and reconstruction are difficult, the ecological
environment is very problematic, and it often evolves into an ecological disaster.

BRGNS IRe ™ HIR AL, SR 2 BIERIOR, AR S R GG BRI, Ui L LA
2 RANRT P IRIZ R, A A SRR B RERZ

The ecosystem service function is seriously degraded, the ecological environment is greatly damaged;
the ecosystem structure is destroyed; the function is degraded and incomplete; the recovery is difficult
after external disturbance; the ecological problem is large; and the ecological disaster is more.




14 T4 X LV F 7

ERVE

2 SR

2.1 REEMHEKZIE

o gy H 0 38 e, B P v LA YA BROR ] ) R A
PRFE T J F 8 T 2 R i AF 51X 3 L s S R A
B M SRRy T RS S R R R
FE 1T, LA B i B ST R FIEE 42 8 Cu 1,
Lot MIE R IE G 1 B I B SO RAE S 27 A4S0
HHERZE Cu &I E REGE T HUIE K ERT, R
M 0.46 2 ZE 0.52, A4 EH , FIH DEM # 1E
Je BB R i+ T A R Cu BIACRER DEM &
ERTAYLT
22 TERHE(RFETHEX)STERES

BaERXENT

NG AT H TE A 1E 5 10 45 5 B S 595 B 4% Fif
AR e (B4 /R XL LogR . — Ml or R') 545
SR S R AT A O AT, IF HON A R g e
R 55 R E SRS B R KR
FR I B, AR SCHER RS 0.01 L E/KF, 45 9 s 2
Fin . AR 2 T, AH T MR 4 1E 5 R AR R R
(R, HABE(1/R) JHEL LogR 54 B4 (%
Pb LUIAN) AR SCPEERA T i, I — B3 o R'5 Cu
FIPb & A SCHEA FTREAIL, 5 6 P 48 1Y

- (a)

o
o

g )
N
[=)
4

y=—15.61x+24.078
R*=0.4628

e kg !

24t

2 ’

Cu?y i Content of Cu/(mg
)

0.2 0.4 0.6
S 4} % Reflectance

FHEME A BT

23 TEELEREENEISKIIE

231 FORBREIREEAZE S 5 FIH SPSS K
1, S A T 4 JE & A DGR SR A 1) U BEAE
B AR Ay A S A T AR R R B R
IR 5% 3 fR, b A A 5A 5] 0.01 B3
K, 23 R IR IE G5 4 3 BE U R A 5]
BOTA Y Cu & 1 RS B iy, OB AR e R
HO(R?) My 0.59, FEAS 4 25 07 MR 4% 22 (RMSEC)
1.24 B YeE REU(RS) 2 0.68, T AE 35 5 AR
25 (RMSEP) 24 1.21, TEFTA (1) 5 43 J& Pt ill] 45 A
AR Cr 10 TR0 AR NS J3E B 1%, AR AR e
RE(R) N 0.46, AL I il iR 22 (RMSEC)
0.82, HFl I 4E e sE REL(Ry) A 0.54, Tl £ 1 7
MR 2 (RMSEP) 7 0.78, SV I FE T FR Br it &
4 I TN AR A FT T A N B 4 S 8 TR
2.3.2 PISR RLg#R e E s 56% HTFk2h
& T 4R 5 R R AR Y 2 A DG ]
S, N — AR e rh 3 R R DG 1 B K I BEAE R
s dr B R E 4R PLSR WA Hh & 4 M H
A b 2% TR AL Y TS BE N 4 FioR , b R T
Pb Fl Zn AP BRI IR E] 0.01 B EKFE, HEK 4
A TEPT A 20 B 345 4 J® PLSR T A

_ 28 ®
4 * y=—16.575x+24.235

R=0.5211

o
[=}
T

—_— = N NN
SN O N s
T T T T T

4t Content of Cu/(mg * kg

&~
T

T 12 F
=
© 10

L 1 )
0.2 0.4 0.6
S5 % Reflectance

Bl TESEEE Cu XNEMMBERKRIERN(a) F(b)Bl REERBERRITEE

Fig.1 Relationships between Cu content and reflectance of B1 before (a) and after (b) topographic correction
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Table 2 The maximum correlation coefficient of reflectivity and its transformation with soil heavy metals and the selected band

, BB M P AL
Trans/f%r%i}iff form Band and Cf)effi.cient Cr Cu Mn Ni Ph Zn Hg As
of determination
P B Band 2 1 4 3 4 1 2 4
8 e 2B R? 0.41 0.52 0.41 0.24 0.51 0.42 0.43 0.44
R B Band 1 1 3 1 2 2 4 3
Yo R’ 0.45 0.59 0.51 0.55 0.48 0.45 0.47 0.56
Logk B Band 2 1 4 3 1 3 5 6
P R R? 0.42 0.57 0.43 0.46 0.35 0.52 0.49 0.51
& W Bt Band 2 4 1 3 2 5 1 2
HeE Z R R? 0.46 0.47 0.53 0.48 0.46 0.48 0.46 0.47
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Table 3 Inversion model of soil heavy metals based on single band
H 4 & Heavy metal R Model R? RMSEC R2 RMSEP
Cr y=0.5297xR’',+15.754 0.46 0.82 0.54 0.78
Cu y=0.4102x1/R; +10.854 0.59 1.24 0.68 1.21
Mn y=0.5022xR" +315.56 0.53 22.14 0.58 19.87
Ni y=0.8694%x1/R,+1.6373 0.55 0.35 0.63 0.30
Ph y=-35.011R, +29.457 0.51 1.63 0.67 1.42
Zn y=0.8245XLogR;+10.485 0.52 1.52 0.62 1.46
He y=-0.1343xLogR; +0.299 0.49 0.33 0.55 0.29
As y=-5.8173x1/R;+8.3936 0.56 1.24 0.66 0.96

x4 ETSHBEHWTESESLE PLSR Fml#Ei

Table 4 PLSR inversion model of soil heavy metals based on multiband

i E

Heavy metal L1 Model R*>  RMSEC R}  RMSEP

Cr y=26.925668-14.325288xR,+0.154748x 1/R, -4.570916XLogR,~2.483912xR’, 051 095 064 001

Cu  y=15.189952-8.584404 xR, +0.117074x1/R, ~3.77882xLogR, ~6.2259TxR’, 065 086 075 081

Mn  y=502.693985-176.853748XR, +2.564895x 1/R, ~84. 138947x LogR, - 122.44554xR’ 065 1577 086  13.30

Ni y=9.341395-1.06234%R,+0.100029x 1/R, —1.582559X LogR, ~ 1. 19625%R’ 055 018 064  0.16

Pbh y=20.003103-14.675701xR,+0.179273x1/R,~3.853822xLogR, ~8.997407xR’, 045 060 084  0.77

Zn  y=51.033498-56.780072xR, +0.912831x1/R,~4.328712xLogR; ~63.220371 xR’ 046 060 074 0.8

Hg  y=0.35867-0.146579%R, +0.003047x 1/R,~0.058982x LogRs 0. 137395%R’ 064 001 078 0.3

As  y=11.607486-6.855905%R,,+0. 141597 1/R,~2.35438x LogR, ~6.885252xR’, 057 069 078  0.66
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Cu Mn Ni .Pb Zn Hg . As 4t T ICZH AR50
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Table 5  Grading evaluation for the ecological risk of

the heavy melals in the study area

LRR TR
Cr Cu Mn Ni Pb Zn Hg As Comprehensive

index

IR T8 55 %
Risk index level

Ly <O 25 21 26 1 3 13 1 7 3
0<lgr<1.0 2 2 1 26 9 11 1 20 9
1.0<[z<3.0 0 3 0 0 15 1 1 0 7
30</;3<50 0 1 0 0 O 0 10 0 5

5.0<ly 00 0 0 0 2 14 0 3

*k 6 MARAESXELRE LTRSS RITEN
Table 6  Grading evaluation for the ecological risk of the

heavy metals in the different study area

iR o AKX B IX CIX
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