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Abstract Comparing the soil organic matter (SOM) prediction model based on the broad and narrow bands and the
difference in spatial pattern distribution, we validate the feasibility of using satellite remote sensing data to monitor
soil basic ecological parameters by ground hyperspectral measurement and analysis of soil. Taking the soil of
Tianshan as the research object, we calculate comprehensive spectral index of the broad and narrow band,
respectively, using correlation analysis and principal component analysis in the organic matter of unmanned
interference area, human interference area, and choosing the comprehensive spectral index with better correlation

coefficient and characteristic vector value as the independent variables, using multivariate linear regression model
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(MLR) and partial least squares regression model (PLSR) to establish respectively the hyperspectral prediction

model of SOM in broad and narrow band of unmanned interference area and human interference area. The

validation, the comparison and selection the model are carried out. Finally, we analyze and inverse the spatial

pattern of SOM content based on the best model of research area. Results show that, through the correlation

analysis and principal component analysis of the organic matter and salinity index, vegetation index to establish the

MLR and PLSR of organic matter component, we pick out the salinity index 2 (Sl,), salinity index 3 (SI;) and

ratio vegetation index (RVI), normalized difference vegetation index (NDVI) of narrow band, and the SI,, SI;,
RVI, NDVI of broad band in unmanned interference area; we pick out SI;, SI;, RVI and NDVI of narrow band,
and SI;, SI;, RVI and renormalized difference vegetation index (RDVTI) of broad band. Taking these parameters as

independent variables, we build MLR and PLSR models of soil organic matter. By comparing the precision of the

models, we find that the PLSR model with narrow band has high precision in human or unmanned interference

areas, and determinable coefficient and relative percent deviation are 0.753, 2.01 and 0.819 and 2.14, respectively.

Spatial inversion and analysis of SOM in research area are carried out based on the best model above. The mass

fraction of organic matter in unmanned interference area is concentrated in less than 10 X 107*, and presents the

trend of low in middle and high in around. The mass fraction of organic matter in human interference is 10X 107*-

15X107*, presents the trend of low in southwest and northeast, and high around middle north region.

Key words remote sensing; inversion; broad range; narrow band; comprehensive spectral index
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Fig. 1 Sampling point distribution map of the research area
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Table 1

Calculation method of comprehensive spectral index

Index type Narrow band Broad band
SL: /RisRogs SL: B./B,
SL: /R%; Ry + R, SL: (B,—B,)/(B,+B,)
Salinity index SL: +/R%; + Rl SI;: B;B,/B,
NDSI: (Rgss —Russ )/ (Regs T Rusrs) NDSI: (B,—B;)/(B,+B;)
Bl. /RZ; +Riss BI. /Bi+B:
RVI: R /R RVI: B;/B;
NDVI: (R —R:10)/(Rus +Rag) NDVI: (B; —B,)/(B;+B,)
DVI: Ry —Ruo DVI. B; —B,

Vegetation index

ab+X(1+a?)]

PVI: (R1118 —aR g */1)/ m

RDVI: (Rswo—Ro0)/ (+/Rew + Romo )
/\TS/\VI: a (Rsma *aRsm */))/EZIR 800 +R570 -

PVI. (B;—aB,—b)//1+a*

RDVI: (B;—B.)/( /B, +B,)
ATSAVI: a(B;—aB,—b)/[aB;+B, —

ab+X(1+a?)]
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Table 2 Correlation between SOM and salinity

Area Correlation coefficient
Undisturbed area —0.867" "
Disturbed area —0.803" "
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Table 3 Correlation between soil salinity index, vegetation index and organic matter content
Correlation coefficient
Index Index type Narrow band Broad band
Undisturbed area Disturbed area Undisturbed area Disturbed area
ST —0.650" " —0.699"" —0.608" " —0.607" "
SI, —0.657"" —0.607"" —0.568"" —0.565""
Salinity index SI; —0.716 "~ —0.584"" —0.635"" —0.511""
NDSI —0.494" —0.439" —0.428" —0.376"
BI —0.631"" —0.539" " —0.574"" —0.461°"
RVI 0.591°" 0.644° " 0.531"" 0.564" "
NDVI 0.583" " 0.440" 0.506 "~ 0.389"
Vegetation index DVI 0.497" 0.451" 0.426" 0.394"
PVI 0.532"" 0.498" " 0.466" 0.400" "
RDVI 0.486" 0.539" " 0.405" 0.467" "
ATSAVI 0.561"" 0.467"" 0.469" 0.385"
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Table 4 Principal components analysis of soil salinity index and organic matter content

Principal Variance Index type
Area Band
components contribution rate /% NI SI, SI; NDSI BI
1 77.531 0.386 0.416 0.576 0.250 0.463
2 12.334 0.298 0.149 0.476 0.041 —0.227
Narrow
band 3 6.315 0.168 —0.211 0.367 —0.274 0.349
o 4 3.641 0.477  —0.443 0.074  —0.116  —0.441
Undisturbed 5 0.179 —0.516 0.224 0.449 —0.336 0.013
area 1 80.168 0.641 0.553 0.496 0.117 0.330
2 13.547 0.316 —0.367 0.366 0.229 0.216
Broad
band 3 5.118 0.333 0.379 0.196 —0.064 —0.014
an 4 1.009 —0.017 0.109 0.416 0.079 0.296
5 0.158 —0.255 0.057 —0.331 0.146 —0.351
1 76.155 0.597 0.499 0.649 0.410 0.219
2 12.229 0.279 0.337 —0.063 0.332 —0.145
Narrow
band 3 7.147 —0.334 0.063 0.096 0.169 0.196
o 4 3.580 0.285  —0.361 0359  0.306  0.208
Disturbed 5 0.889 0.275 0.113 —0.298 0.059 —0.196
area 1 81.361 0.652 0.599 0.492 0.255 0.402
2 9.796 0.316 0.119 —0.217 0.334 —0.295
Broad
band 3 6.117 —0.049 0.177 0.163 0.329 —0.014
a 4 2.516 0.053  —0.174 0.411 0.429 0.218
5 0.180 —0.034 0.225 0.329 —0.179 0.291
F 5 PR S A PR &0 FE S5
Table 5 Main component analysis of vegetation index and organic matter content
Principal Variance Index type
Area Band
components contribution rate /% SI, SI, Sl NDSI BI
1 75.165 0.682 0.597 0.254 0.416 0.279
2 13.476 0.357 0.296 0.021 0.339 0.211
Narrow 3 7.210 0.196 0.441 0.419 —0.316 —0.016
band 4 3.019 —0.397 0.111  —0.052 0.174 0.252
5 1.104 0.226 0.049 0.334 0.296 —0.385
Undisturbed 6 0.026 —0.014 0.275  —0.077 0.274 0.452
area 1 78.631 0.634 0.519 0.336 0.224 0.394
2 10.485 0.431 0.318 0.152 0.362 —0.132
Broad 3 6.441 0.271 0.063 0.416 0.118 —0.240
band 4 2.719 0.088 —0.349 0.114 —0.055 0.017
5 1.294 0.345 —0.334 0.264 0.117 0.361
6 0.430 0.029 0.169 0.441 —0.337 0.249
1 79.330 0.716 0.395 0.451 0.688 0.201
2 10.511 0.315 0.051 0.366 —0.255 0.411
3 5.170 0.084 0.339 —0.410 0.294 —0.344
Narrow band
4 3.229 —0.387 0.019 0.315 0.201 0.451
5 1.219 0.198 —0.119 0.395 —0.312 0.294
Disturbed 6 0.541 0.011  —0.378  —0.308 0.331 0.449
area 1 77.318 0.681 0.254 0.298 0.597 0.462
2 13.006 0.254 0.441 0.408 0.419 0.319
3 5.519 —0.294 0.327 —0.106 0.415 0.287
Broad band
4 2.441 —0.350 0.219 0.214 0.344 —0.019
5 1.096 0.326 0.371 0.416 —0.281 —0.144
6 0.620 —0.014 0.222 —0.341 0.430 0.317

072801-5



55, 072801(2018)

ANSHBIFHRE

www.opticsjournal.net

AR BOR — F U 1 7 22 STk R R T 77 %0, H AR
HIE ) 58w B9 43 )2 RVILNDVI il RVIL,RDVI,
B — T2 U v R A 1 (A v U A BT
STk R B A BB ERE ., — RGN
T A O K R A AT I B 2
TR FE R T 90 Y0 1y 32 Lo 43 B4R R SO I 2

TER DRME 3T 5 32 13 43 B o 3 43 48 B0 AR B
FE 05 A ML o A SR BT 1 45 P R 48 205 R AT
T {2 48 11 45 1 D A B — B0y, AR Y R o 48

K ST\ SL Al STy B H: Al 25 73 45 $ovt #6825 B T
RORG TR R A A RO - R R A R R A
B, 302 K R A A HE R DR AR Y I 22 ) A R B
68 BOnT LAAT SCHR A 3 0 R AUR 52 ol A AR SR
[ LR TR
33 AEAAFHEENBYRTN &R

% KS(Kennard-Stone) & 027 3-8l & 4>
FE A HILBT  B 2Z TR] A RRCIG B B, 4% IR 3= 209 [ R
HERE R 7y Ry AR RIS B0 5, ANk 6 iR,

*6 EEALEAYLES o E R

Table 6 Statistical analysis results of full-sample soil organic matter

Area Composition Number of samples Range /(g+kg ') Mean /(g+kg ') Variance /(g-kg ')

. Modeling set 15 9.588-23.034 13.744 12.311
Undisturbed
Test set 10 7.645-17.928 13.302 12.290
ared Full sample 25 7.645-23.034 13.567 11.839
) Modeling set 18 6.376-21.768 11.432 11.424
Disturbed

Test set 12 6.455-16.439 11.674 11.808
ared Full sample 30 6.376-21.768 11.537 11.204
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Table 7 SOM content prediction model based on the measured spectral reflectivity
Undisturbed area Disturbed area
Independent
Modeling set Test set Modeling set Test set
variables 7 5 2 2

R*® R s R® R yise Ryp R* R sk R® R vise: Ryp
M-MLR 0.742 2.6123 0.699 2.8416 1.83 0.692 2.7516 0.674 2.8861 1.76
M-PLSR 0.819 1.6524 0.792  2.0611 2.14 0.753 1.8874 0.765 2.0674 2.01
N-MLR 0.661 3.2019 0.648 3.5179 1.76 0.627 3.5149 0.631 3.6716 1.68
N-PLSR 0.713 2.6418 0.704  2.7729 1.95 0.694 2.8879 0.688 3.0076 1.84
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Fig. 2 Spatial pattern distributions of organic matter content in areas with or without human interference.

(a) Area with human interference; (b) area without human interference
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