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Hybrid Inversion Model of Heavy Metals with Hyperspectral Reflectance
in Cultivated Soils of Main Grain Producing Areas
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Abstract: The heavy metals pollution in cultivated soils of main grain producing areas has become a
prominent problem affecting the safety of food and living environment. The hyperspectral remote sensing
technology as the frontier technology in the field of remote sensing technology, provides a new approach to
access to soil heavy metal data quickly and accurately, and also provides the technical support for
monitoring and predicting. Taking Xinzheng City of main grain producing areas in Henan Province as the
research object, the 191 cultivated soil samples collected were divided into 144 calibration set and 47
validation set by Rank —KS method. The hyperspectral reflectance of soil samples was measured by using
ASD FieldSpec 3 spectrometer in laboratory experiments. The correlation analyses between row spectral
reflectance in 400 ~2 400 nm and the content of heavy metals Cr, Cd, Zn, Cu, Pb were done, and the
correlation coefficient by F significance test (P =0.01) was selected which could be used to extract
sensitive hyperspectral feature wavebands reflectance common to the above heavy metals as the
independent variables of model. The hyperspectral inversion model was built by panel data model of fixed
effect variable coefficient based on the ordinary least squares estimation method ( OLS) , which was about
the panel data of heavy metals Cr, Cd, Zn, Cu, Pb of 144 samples in Xinzheng. The results show that
the panel data model is overall significant, with high goodness of fit (Ez =0.9937, F=1365.94). The
result of precision test indicated that models for Cu and Pb performed well in modeling and predicting with

a good ability of quantificational prediction, with relative percent deviation ( RPD) values of 2. 046 and
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3.432 separately; Cr,Cd,Zn could perform generally in modeling and predicting with a good ability of

quantificational prediction, with RPD values range of 1.4 ~1.8. The panel data model can be used to

calculate various heavy metals at the same time and rapidly monitor soil heavy metals with hyperspectral

reflectance in Xinzheng, with simple and fast calculation.

Key words: cultivated land; soil heavy metals; main grain producing areas; hyperspectral; hybrid

inversion model; panel data model
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Fig. 1  Study area and the distribution of soil samples

11, LAZ 2 50 Wi i R ATAE A ME— 68, F + 5%
BEABEAE AR 10 em JRJE 2 em ARG, 1T
JEIE I A Z 1T, S SR 284 WP A B R
F U RE RS20 2w [R]— 7 1) - 4 OB IR A
S0 45 G URBE B AR R T 0 30 em, 13K
Yifa ok 25° KRR A 15 em, U2 3 2 R 5% 3
BEFEINL 3 UK, BRI B sl 2 90° , L3R 4 ATy ) 1) 1=
G , A IE 5 W, 3 20 &, FI ] ViewSpec Pro
B 50 3% S5 2R e OGS S S 23R B (B S I 4
G . T 350 nm #1 2 500 nm [ i
AR T R B K, BRI O 3 Y [ 400 ~
2400 nm HF 53 #r.
1.4 HBREIRHEBEKRT
1.4.1 R

T 1 3 4 R O % AU Y R R R
W B AR L R i O SO R A A G
GI AT HEAT R E AR OGP R I B e B UG . TR
B ARG TS 15 E 4 )8 & i #E 1T Pearson
FHOC AT, 5 PEAN [F] T 43 J8 Dl 1 B v A 7 8, XA G
RABAEAT P =0.01 7K 1Y 35 R 56k 0
SRR B B, 38 IO T S 2 D B AR o e A v O
TR AR P B, A o S T A B 4 S I BT

=N
AR,

1.4.2 FEARLEN

TE% 18 e R i JE wb b, R ] Rank — KS
WY BT ST X B 191 AN RE AR 23 R A R 4R A 06 IE
A2 U1 AR AR 144 A T T A B4 A A
(1 ¥ |, 06 30T 4 B AR B 47 A, T R 56 455 8 g T

RS JEE o
1.4.3  jh A g A 7

[ORI% €N R IR S R €1 A DS 27| AR TR ¢
P SR & Bl 2 fR e ) e 41 b IR A RO 7R
o S A T[] s 30 BBOASE A UL L T ) S ) A A K
g W R T A AR A — i 2
ISR A T L DN A, NI T e — S N[ 87
AR A T AR KA A A R, 2 SRR Y R B R O
TR RFAE B BE, 1T LU A A A L S R A
B — DAEA R G 1 I B R AR, N T b —
AFEAS KUF A o AR B 3 A O kA DR B S T
AT LA AR AAS (Y S B, e I BBl A2 2 o 3
LRAMER N o 30 5 b s T AR KR AR R, R L[] B
S R A LR OIS RL, T R A 48 A ik
A1 Pk B2, 98 1R T 248 b S A BB R

M T REA SR T R R R AR R VB,
WICf 7 Sy [ 5 52 Wil Y 30 49 0 e /D R Al ik
ey o T AR KO AR 9K S I P O 22 0 T R 56
T B 5 R A TR« AN 78 2R A TR | A i B A Y A
FREAY Oy T REAR S 07 22 VE RS2 W, 0 00 % T AR
TR 7 e P 300 9 7 SR AR 0 B, A B T Al K A
1Ry

Iny, =a, +b,Inx, + b, Inx,, +--- +b,,Inx,, +pu,
(i=1,2,--- ,Nst=1,2,---,T)
Ay, — WO RS B AR FIAEA ¢ B
B, B EESE TR G
(L SR AV S & AT
(55 i A ISE )
b,—%5 i DREEE F A S R
e 24

(ll

X 55 A R R S AR I @ AR AR o
AR B T i e O I A R 3
Ber gy

po—RAAIAT @ FIAEAS ¢ b py AL B 22 10

he—— i B AL R

1.4.4  BIRORE B IETr

S RO TR ) S 36 R P A 8 ) A A R R E R B
RO 7 AR 2% 5 B0 4 10 00 MR bl s R K R LY
J7 BRRZE RIS 3 i 22 o H AP 2 A i 22 2 5
UEGEAR ME 22 15 56 UE 4R 35 7 MR 22 1 LU {EL, 5 A 0 73
PrifZE4E 2.5 LA L, 3% WA 70 HLA A e ) 00 i
T35 AR A iR 2 AE 2.0 ~ 2.5 Z [a] i, 3 WA 458 7
HA AR 45 09 %€ & 8000 RE J1 5 24 A0 X2 B ok 25 1
1.8 ~2.0 Z[a) i, 3 B A 0 HL A 7 i 100 BE 5 24
IR 20 1.4 ~ 1.8 Z [l , WA R B Ay —
FBCAY R BT AE ) s AR P AR EAE 1.0 ~ 1.4 Z



%3 1

TREKEE AF . RE I XA R E S E SO SR R

T AL Y 151

TE B, 2 BT A TR0 LA X 591 i (00 MU KL ) BB 7 5 24 4R 3
SRR 2 /N F 10 B, F BB R H 4 T AE
J3 0 X T AR SR B, R MK, 4 A A 25
AN HRORE BE R BB B R T % T 3 G 4R K
L, R? R X 43 B 35 22 A, 8 7 AL 8 2% /N, T
0

2 HR5WR

2.1 tEMERSEITSH

TSR AR E A R, W R A
[y 191 AREA T S i RIEE 48 Cr.Cd Zn Cu Pb
)£ i (A H) 9 0.06 ~ 80. 80 mg/kg, ¥ M i il
o FRUEZVEEIBR T Cd K 0.06 mg/kg S, HiAy 4
A+ TR 4R AR HEZE N 4. 55 ~ 11,73 mg/kg, A 5
ZBN 0.196 ~ 0. 398, 75 5 it i Sy Hp 2708 S 2
MFHEFRFR T Cd A8 15 S AR 50, R
A% T4 S 10, 0 3% DX S PR 5 A 0 1
H B KB AT LA A 30 R i I T 4 s A i
GBI, B R R R R AR T
Y (g B D] T4 0, WA Cr Zn Cu \Ph 75 e 58 5K
WL T | A TE e E LB R A5 s Cd 1935
PeFg BN 2.51,0 2 ~3 Z (Al J& F Vs YL, i LA
A AR £ T 7 XA 3 40 I 0 2 e - 9 T A A
SHAS W, LA B i 2 B3 45 6 B st 1 S 10 T 4 IR
5,
2.2 TEHESESEBSHIERFENEXESF

o T 4 A S O R R AT A
PR BT, A5 B4 5T 4R 5 X Y O 3 R g R
M RBII L IR A 5 REE P =0.01 KF Y
BEER I COU) 2 B

x1 IHRESESESRIHE

Tab.1 Statistical characteristics of the soil heavy
metal content
S LR
Cr Cd Zn Cu Pb

B/ME/ (mg-kg™') 3040 0.06  27.40 500  9.30
BHAl/(mg-kg™')  80.80  0.30 5820  25.80  32.70
S/ (mg-kg™') 5990 0.16 4447 1538 20.68
W2/ (mg-kg™') 1173 0.06  8.77 455  17.16

a5 5 AR 0.196 0.398 0.197 0.296 0.346
5 Y8 B 0.95 2.51 0.71 0.77 0.95
A 63.300 0.064 62.500 20.000 21.800
B A K1 191 191 191 191 191
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Fig.2

Correlation coefficient between Cr, Cd, Zn, Cu, Pb and the raw spectral reflectance value
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Fig.3 Wavelengths of Cr, Cd, Zn, Cu, Pb by significance test (P =0.01)
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Tab.2 Panel data models for five heavy metal elements on significance bands

344 Cr cd Zn Cu Pb
fig et 0.97
RS AES 1. 186 -3.630 1.110 0.510 0. 830
b1709 um -24.01 -107.20 5.48 114. 40 -28.27
01713 um -161.40 966. 03 44.92 193.29 -224.30
1714 um 849. 81 -2437.92 -354.34 -722.89 472.01
1715 am ~744.81 1678.31 359.25 468.77 -357.30
b1716 am 138. 86 156. 83 524. 83 -335.79 408.78
b1718 um -530. 64 702.74 -1995.21 1 403. 89 -2030.91
61719 um 506. 56 -731. 80 1731.77 -1373.28 1690. 11
51724 um -702.54 - 886.77 -993. 67 277. 67 -771.29
b1725 am 635.93 406. 54 938. 50 ~241.33 939. 73
51729 um - 103. 41 -928.25 -117.57 -312.19 1017. 68
01730 um -403. 06 4237.24 - 866.23 1435.17 -3737.75
1731 um 481.52 -3961.11 827.91 -1154.98 3997.13
51732 m 417.57 548. 15 277.47 221. 64 -31288.35
61733 um - 440. 89 -334.62 - 483.60 -227.84 2638. 80
51734 um 147. 52 135.95 -481.97 921.21 742.68
b1735 am 27.27 432.62 437.40 ~502. 45 - 1418.76
b1741 um -21.24 ~-11.53 187.45 -92.27 25.13
01744 um - 134.69 -453.24 -290. 96 62.13 - 116.35
b1745 um 135.55 654.23 375. 80 -110.27 103. 42
b1753 um -71.31 80. 01 -105.96 78.24 -76.43
61795 um 2.20 -136. 08 -3.35 -87.79 -1.66
b 1864 m -6.97 -28.98 -29.23 -17.02 16.17
53210 am -0.36 -176.35 -12.74 ~105. 33 -108. 10
b2211 am -15.13 267. 90 19. 28 203.93 159. 10
221 10.79 -187.98 -29.67 -67.03 - 68. 84
2213 um 10. 62 -4.48 29.00 1.39 20.58
b2234 m -6.65 10.03 -1.80 -32.24 2.50
62343 um -1.93 13. 06 13.47 -4.81 3.23
b381 um 7.95 -0.48 -3.38 1.36 -0.87
53304 am -2.31 -9.06 -2.08 3.51 -6.18

®3 SHESELENEANYAERBENERSHN
Tab.3 Calibration and validation results for five heavy

metal elements using panel data model

B R Ko il
TR T mamnE R AhREE A
Cr 0.76 5.30 0. 64 6. 80 1. 692
Cd 0. 69 0.03 0.53 0. 04 1. 408
Zn 0.81 3.51 0.50 6.73 1.403
Cu 0.72 2.22 0. 66 2.32 2.046
Ph 0.71 3.46 0.90 2.12 3.432
EHELRREEYL,

(2) 38 3 %ok 1 T 4 R 5 03 S B AR AT A G
PE4PHT , BB Cr Cd Zn, Cu, Pb 2 ] 5 3 M 1 5k

AL B 1709 nm (1713 ~1716 nm 1 718 ~1719 nm ,
1724 ~1725 nm 1 729 ~1 735 nm .1 741 nm 1 744 nm |
1745 nm 1 753 nm .1 795 nm .1 864 nm 2 210 ~2 213 nm
2 234 nm .2 343 nm .2 381 nm .2 394 nm, L)L L AE AR
B F OB A 13 E 4 )8 Cr . Cd Zn Cu Pb
P T A AR S A R Y

(3) H T OLS Ay [f 2 5 1 748 28 $00 T AR %5 3
PO A0 A B, AL O 1 i g (R = 0.993 7,
fErE-Rr A S et 1. 898 2, F =1 365.94) ,
H 5 fh - HEF 4R Cr.Cd Zn Cu Pb HIPE RHL R,
WS, 4 9k 0.76.0.69.0.81.0.72.0.71, 4 J5
MiRZ4r50 5.3.0.03.3.51.2.22 .3.46, K JE
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Fig.4 Inversion of Cr, Cd, Zn, Cu, Pb on validation set

S TR ARESCHR B A S - S0 A B R 1

Fig.5 Scatter plot of measured values vs estimated values by panel data model
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