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Hyperspectral Prediction of Soil Heavy Metal Content Based on
GWR Model

YANG Qiyong' SHEN Li'na’ LI Wenjun' DUAN Xiaofang'
(1. Agriculture Forestry Ecology College, Shaoyang University, Shaoyang 422000, China
2. Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China)

Abstract . Aiming at the selection of independent variables in geographically weighted regression (GWR)
analysis, the construction of GWR model was explored by using soil heavy metal Cu content as the
dependent variable and soil hyperspectral data as the independent variables. The best spectral
transformation that characterized the relationship between the soil heavy metal Cu content and the spectral
reflectance in the study area was determined, throughing the correlation analysis of the spectral
reflectance of the original soil and its eight transformation methods. The candidate variable subsets was
established by using the ordinary least squares method, and the GWR model was constructed by using the
regression analysis method. The advantages of the GWR model, as well as its prediction accuracy, were
compared with that of the GWR model constructed by traditional methods. The results showed that the
correlation coefficient between the logarithmic differential transformation spectrum and the soil heavy
metal Cu content was from —0.626 to 0. 618, which could best represent the relationship characteristics
between the soil spectrum and the soil heavy metal Cu content in the study area, and it was the best
spectral transformation method for the study area. The results of the regression analysis indicated that the
optimal GWR prediction model for the soil heavy metal Cu content in the study area had four independent
variables combined of 2308 nm, 1400 nm, 2 197 nm, and 2 138 nm wavelengths, which had the smallest
Akaike information criterion (AICc) , the largest determination coefficient (R*) and adjust coefficient of
determination (Ridj). Compared with the GWR model constructed by the traditional method, the GWR
model constructed by the regression analysis method was more concise with stronger model robustness and
higher prediction accuracy.
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Fig. 1  Location of study area and sampling points
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Tab.1 Statistical characteristics of heavy metal Cu

content in soil

FE R /A 368 214 154
SEIE/ (mg-kg ™) 37.18 37.17 37.21
/ME/ (mgkg ™) 1.41 1.41 5.39
KA/ (mg-kg™") 88. 46 88. 46 88. 46
FRUEL/ (mg-kg ™) 17. 09 17. 60 16. 41
a5 5 W/ % 45.97 47.35 44.10
i £ 0.56 0.41 0.83
U fE 3.21 3.03 3.48
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Fig.2  Correlation coefficient between soil heavy metal Cu

content and raw spectral reflectance and its transformation
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Fig.3 Parameters of OLS and GWR models for predicting soil heavy metal Cu content with different auxiliary variables

M 3 AT F H L, 7E 11 ) UGWR 43 #7H1,2 308 nm
HTERER SR Co & 2 AHCH &R, /EN A L &
MR RER ATCe fi2/IN, J9 2988 ([ 3b) (R*FiI RS, 3
A 3e), 4530 0. 462 F1 0. 423, i H] 2 308 nm
Ve B A2 A g 8 Sy et UGWR AR A, 2 455 Y
1 GWR,, 7E 10 ¥k BGWR @tfihifg 3 % AlCc

it GWR, 7 (I 3b), H R* il R:, ¥ b GWR, Xk
(P 3e) , Hr 23081400 nm Hy [ A5 f i 4 2 (4 45
# AICe f/h, B 5 GWR, (5 AAICe Jy 14, B I % A
S BGWR A% 78 o 1) f B2 8L (GWR, ) 5 £ 9 Ik
TGWR # # b, 45 2 4~ B M AlCe b GWR, /)
(FE3b),H R* Al R, b GWR, kK (& 3e), H



% 8 1)

MEE % T CWREHKTEESRE

Bt s 371

2308 .1400.2 197 nm g [ 25 £ i) $4 8 TGWR 1 71
A (AAICe  9) , %A By GWR, ; 7¢ 8 ¥k FGWR
A 45 2308 14002 197 .2 138 nm 2k [ 745 &
Hf R B A7 ATCe [ GWR, /N(AAICe 9 8) , %A
RN Fe Al FGWR AL Bl GWR,

N Int t 1
ntercep e
A w 15.0 A ;

j ) & 100

"7 2

L1 ikm

i Loy M P IX LI E R Cu &5 1 £
[ A 4 4y 9 23081400 .2 197 2 138 nm ,GWR,
Hy AR, A AR (Intercept) \ KL (B) Fl R
75 ) 53 A WL P 4 (23 B 500 m) o

M 4 T OB RO AR R 7E 25 ) L

ﬁZlOS ;\i ﬁMOO
w 20128 p w 19020.6
M 457102 M _7480.9

- v
L1 km

0 2 4 0 2 4

(a) BRI (b} 2308 nmif K AAL (e} 1400 nmi < FR 4
N - 5 N
A . py 35466.4 A m 0777
(’ . W53 - Moz
. e & : JANP
i~ . -
8

(d) 2197 amif K Z 5L

L1 i km

0 2 4 0 2 4

(e) 2138 nmJf K R 51 R

K4 TEESE Co &R GWR £RIZ4L

Fig.4 Parameters of GWR model for predicting content of heavy metal Cu in soil
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AlCe R? R,
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