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Fig.1 Location of the study area and distribution of sampling points
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M (FEE WTW) Multi3420 SET B J5E 5% (EC, -5,
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FRHVR G YAE 180°C F Il S AL M € L3 A WL (Soil
Organic Matter, SOM) &1,

AT IR AT, DHFCIX AR R
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RIGHIEEYURZ R RECN 23.39%, BB RXAHURAE
SRR, IR FIENUR S B HFIER 1 s,

x1 TRESMBIREERITHHE

Table 1 Statistical characteristics of soil salt and organic matter content

T H Item AL bkt
A Organic matter/(g kg™")  Salt content/(g kg ")
#/MH Min 0.84 0.06
B KAH Max 2.18 3521
SPH4){H Mean 1.24 6.98
i
Standard deviation 0.29 8.02
A 23.39 114.90

Variable of coefficient/%

2.1.2 RETEMEHEE
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B RPN EAIA AR, KRS AT 7 55 B2 0l W E N 0.
5%+ 10%. 15%. 20%-. 25%- 30%- 35%. 40%%1 50%,
REFAE FF R 13855 3 AN [ Ll (R VR A A5 T -
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(NME) T35 B AL AEFT A 330 i 1A 2, #4182
AN RERARLIE L EHATHT, Phik 68 MR & Hh&E
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T HEE IR ZEAE 0.5 g/kg Fo A, (HH T ITEREEA H 0IK
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Table 2 Groups of soil samples with different salt content

A B A~ A~ b B
JH 5 & T B A & . B L & mm. B
415 Salt content i Salt content 43 Salt content
Group Group Group
-1 -1 -1
Ngkg™) gkg?) Ngkg?)
1 0.56 7 35 13 6.98
2 1 8 4 14 9.02
3 1.5 9 4.5 15 133
4 2.02 10 5 16 22.72
5 2.56 11 5.54 17 34.66
6 3.08 12 6.04
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(1 E IS — e AR T AR B, R
TIREIET.

22 NMF fitli 5, $REU - 300 1 Bos A i ) 938 £
I3 AT (P AR G U e RECTIIEM 0.65 FEm s
0.72, #2157 0.07; ¥R Z A H 7.42 B#KE 6.21,
FRAR T 1.21; SOUFEEREE-PIME Nk e REh 0.61 325
% 0.68, 21 1 0.07; X/ HTiRZEH 1.22 #EmEF] 1.47,
Fm 7 025 HITHRZEFIME L 7.56 BEILE] T 6.34,
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Table 3 Accuracy comparison of soil salt estimation models before and after NMF
JRUEYE1E Original spectra NMF 43 fi# 6% NMF separated spectra
R 78 2 A AE4E Modeling set I IF4E Validation set ABLE Modeling set IS IE4E Validation set
Degree of the straw coverage/%
R RMSE, R RMSE, RPD, R RMSE, R RMSE,  RPD,
0 0.93 3.96 0.91 431 2.06 - - - - -
5 0.81 5.45 0.77 5.49 1.61 0.90 4.59 0.88 4.64 1.91
10 0.76 5.74 0.74 5.81 1.52 0.89 4.66 0.86 4.71 1.88
15 0.72 6.25 0.68 6.21 1.43 0.84 4.89 0.80 4.89 1.81
20 0.70 6.55 0.64 6.56 1.35 0.81 5.27 0.75 5.30 1.67
25 0.65 7.12 0.61 7.74 1.14 0.76 6.11 0.70 6.24 1.42
30 0.63 8.33 0.58 8.54 1.04 0.67 6.87 0.62 7.03 1.26
35 0.59 8.52 0.54 8.73 1.01 0.62 7.32 0.58 7.44 1.19
40 0.52 9.11 0.51 9.28 0.95 0.54 7.70 0.54 8.13 1.09
50 0.44 9.69 0.42 9.67 0.92 0.46 8.52 0.43 8.68 1.02
PRSI WIFET NMF J7iE R E G PRk B 35 2 5 A
Moo WETUGERIBIR, BAE REAT AL o B 1Sk 70 Aty S g

AR FTLE R, FEFTE o LI ETE R R
AR IEIE AR, HAE KT 2 250 nm UK BT
W, FEFF. REFFE & LIS A RO it 2R T an
DI NIRRT E S8, 4%
8 R R, e il 2ok T R, X

HE 2 DUER)E S RS

CA BT YR I RSU 1 BSS iR A 6 iHE 5
BEAT 0 fif, AEX L5 3 A N AR i T AN B S 5B 5 N
Ho NMF R G GIEAMPOEIEE 5B RS, HF%E
i€ I AERIREX — N SHPY. Ik, NMF 1EJ5VER
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Spectral unmixing of straw and soil to estimate the soil salinity using
non-negative matrix factorization
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(1. College of Geography and Environment, Shandong Normal University, Jinan 250014, China; 2. Shandong Dongying Institute of
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4. China Environmental United (Beijing) Certification Center Co., LTD., Jinan 250000, China)

Abstract: Straw returning to the field has been used to promote the soil ecological environment in the Yellow River Delta. A
remote sensing estimation of soil salt can greatly contribute to monitor the soil salinization in the straw covered areas.
However, the mixed data has posed a great challenge on the pixel accuracy, due to both straw and soil spectral signals in the
same pixel. In this study, ten groups of salinized surface scenes were firstly collected with different straw coverage. Multiple
spectral measurements were then carried out on each sample, where the average value was taken as the reflection spectrum.
The Non-negative Matrix Factorization (NMF) was selected to treat the mixed spectrum under the non-negative restriction in
the process of spectral unmixing. The endmember matrix and abundance matrix were updated simultaneously by an iterative
method, and finally two endmember spectra were extracted. The spectra of soil and straw were separated to evaluate the
performance of the straw removal from the mixed spectrum, according to the retaining salinity information. Finally, the soil
salt model was constructed using the Partial Least Square Regression (PLSR), further to verify the effectiveness of NMF for
the spectral unmixing and extracting soil spectrum. The results show that: 1) The soil spectral reflectance decreased gradually
with the increase of the salinity in the whole wavelength range, but the trend of curves remained similar. More importantly, the
straw coverage increased the spectral reflectance of soil. The spectrum of straw coverage soil was much more similar to the
straw spectrum, as the degree of the straw cover increased. In addition, there were the absorption characteristics near 1 730 and
2 090 nm in the straw covered soil, compared with the pure soil. 2) The soil spectrum was effectively separated from the straw
mixed spectrum after NMF unmixing. There were more outstanding characteristics of straw in the separated straw spectrum on
the whole with the increase of straw coverage, when the degree of the straw cover reached 15%. The typical characteristics of
straw were achieved in the separated straw spectrum, when the straw coverage was less than 25%. There was a significant
fluctuation in the spectral curve of the extracted soil and straw, indicating the unstable soil reflection, when the straw coverage
increased to more than 30%. It infers that the performance of NMF was confined to the low straw coverage in this case. 3) The
soil spectra that extracted from the straw mixed spectra was successfully utilized to estimate the soil salinity. The high
accuracy of the model was achieved using the soil spectral data after NMF spectral unmixing, compared with the original
mixed ones. Specifically, the average coefficient of determination, R?, of the soil salt model was 0.68, the average
Root-Mean-Square Error (RMSE) was 6.34, and the average ratio of Prediction Deviation (RPD) was 1.47 after NMF
unmixing. Among them, the average R* and RPD were 0.07 and 0.25 higher than the original mixing, respectively, whereas,
the average RMSE was 1.22 lower. The RPD of the improved model was also greater than 1.4, when the degree of the straw
cover was less than 25%. The findings can provide a practical basis to efficiently improve the near-ground remote-sensing
estimation accuracy of straw covered saline lands in the Yellow River Delta.

Keywords: soils; model; salts; Non-negative Matrix Factorization (NMF); ground-based remote sensing
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