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Fig.1 Location of study area
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Table 1 Derivative spectral index and calculation formula

AT EL RS FTEEC R R 2RGS0
Derivative Calculation Derivative Calculation
spectral index formula spectral index formula
BIEA— {25 st H S
TKARFEEL (G-MIR)/(G+MIR) g%fg\%ﬁ gkt NIR/(NIR+R)
MNDWI

etk st NIRFOD(SWIRS

H— LA R EL 0.02)]/[(NIR+0.1)

(NIR-R)/(NIR+R)

NDVI HGvmi +HSWIR+0.02)
2L AR A AR RIG 0.285xB-0.244xG+
HRGRI ESENicR iR 0.544xR+
ZAOGIENNE  (B+G)/(R+NIR)x GVI 0.724xNIR+0.084x

¥ COSRI  (NIR-R)/(NIR+R) MIR-0.18xSWIR
e 25X(NIR-RY(NIR | s 0.5% {2x(NIR+1)~
e 16xR- WilEiE% 2 SQRT[(2XNIR+)?
7.5xB+1) MSAVI2 -8x(NIR-R)]}
) . g (2R+1 -
éi@”*féf’tﬂﬁ (NIR/G)-1 U’;}%%ﬁf%& SQRT((2NIR+1)2-
8(NIR - RED)))/2
7 A TR AL NIR-R BIEf#EL  (NIR/R)-1/[SQRT
DVI MSR (NIR/R)J+1
SRR 1.5x[(NIR-G)/(NI || 1T £L4MA — 1048
$ GSAVI R+G+0.5)] $ NNIR NIR/(NIR+R+G)
ﬁ%%éf{ﬁ\f’;ﬂﬁﬁ NIR/G e PSR NLT  (NIR*R)/(NIR*+R)
Qi%g;;;iﬁ (NIR-G)/(NIR+G+ | JA—Z F7K 5 (NIR-SWIR)/(NIR+
o 02 o 0.16) 1% NDWI SWIR)
e Ay 2 .
*E“%%%Z gﬁ;\z (NIR-Gy/(NIR+G) | HEIHEHEAR NIRR

L K [(G-R)YHG-B))/(2=| EIEHZE St SQRT[(NIR-R/NIR+
BRI AL GLE G)+R+B % RDVI R)X(NIR-R)]

S AR A T NIR-G AT (NIR-R)/(NIR+
¥ GDVI iR % OSAVI R+0.16)
3.618x[2.5%(NIR- ét)'cm]:]gmaﬁ R/NRI+R+G)
T AFES LAI - R)/(NIR+6XR-
_ AWK BETT4R
7.5xB+1)]-0.118 N _
+1)] ¥ VAR (G-R)/(G+R-B)

7. B8 Bl KB G B2 BB R B3 B NIR 48 B4 B MIR #4
B5 B SWIR 4§ BT £,

Note: B refers to B1 band; G refers to B2 band; R refers to B3 band; NIR refers
to B4 band; MIR refers to B5 band; SWIR refers to B7 band.
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Fig.2 Land use change of sandy land in Yulin from 1990 to 2020
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Table 2 Area of different land use types and single land
use dynamics
—% (A
HiZk ik Area/km’ Single land use dynamics/%

First Second types - _ _ _
1990 2000 2010 2020 2000 2010— 2000—2010

BRI B A R

types 2010 2020 2010 2020
it K H 0 32 47 45 460 043 L )
Fit 0 374 502 572 3.42 139
Akt 0o 2 3 3 5.00 0
. HEAHE 0 69 63 63 -0.87 0 15 o
i S 0 63 77 74 222 -0.39
HAb# o 4 17 20 3250 1.76
EEEYE 0 1 8 8 70.00 0
BEML PENTEM 0 332 444 422 337 -0.50  2.09 -0.39
RFEEESM 0 1343 1575 1517 1.73 -0.37
bEES 0 9 6 5 333 -1.67
Kbk bRl 0o 2 1 1 -5.00 0 056 158
KEEGE 0 4 7 11 750 5.71
Mt 0 4 5 5 250 0
We WM 0o 2 4 3 1000 -2.50
%‘ GMERES 0 3 7 8 1333 143 7273 15.60
ﬂiji) HAbgwHl 0 6 80 222 12333 1775

S Vi 5460320325302445 -2.10  -0.34
~ T - _
il Rt 0 5 7 7 4.00 0 1.86 -0.51
MERESS: ! 0 2 77 29 37500 -6.23
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Table 3 Accuracy of regression model

[ElEpR:S YIZ5EE Training set MAREE Test set
Regression methods RMSE MAE R RMSE MAE R
XGBoost 0243  0.147 0.871 0534 0295 0.424
RF 0.515 0344 0404 0.667 0363 0397
RIS 0.557 0347 0334 0608 0356 0.323
BP HiZ M 4% 0.463 0375 0.641  0.635 0.403 0435
SCRE )AL 2779 1538 0285 5261 4782 0.231
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Fig.3 Spatial distribution of soil organic matter in sandy land from 1990 to 2020

<09
E 0.8 —— TH51H Average
=l
S 07 —« HHith Arable land
% ' — . #kith Woodland
g 0.6 —a— Bl Grassland
§DO_5 —e— /KI5 Waters
=04 .
ca Urban and rural
E:gOS residential land
02 - - AR
= Unused land
T
B
oo

1990 2000 2010 2020

45} Years

B4 1990—2020 F R L3 AR £ A T LA IR BT
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Table 4 Comparison between remote sensing inversion results
and measured soil organic matter in literature
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Location Time Inversion Samplmg Measured Error/ Data Source

value/% time value/% %

Kbtz 2000 0.42 1999 0.38 11 EA g
TRPA X 2010 0.85 2010 0.77 10 Fdkppagi
WHBEL 2010 0.65 2013 0.69 BT R

FkTitkIX 2010 0.70 2013 0.73 4 Lpppas)
ﬁggﬁrg 2010 0.71 2007 0.70 1 gl
Witk 2010 0.64 2009—2012  0.71 10 HFEHE
MR MRS 2020 0.36 2018 0.32 13
AT Y 2020 0.18 2018 0.19 5
AT 2020 0.20 2018 0.21 5
KAE AT 2020 0.51 2018 0.54 6 GfERH
KAREMHL 2020 0.62 2018 0.59 5
SEIMEIEE 2020 035 2018 0.39 10
SEHEMM 2020 045 2018 0.45 0
g 2010 093 2008 0.92 1 FERgH
2020 0.63 2019 0.71 12 AkEgs
P 2010 0.63 2013 0.65 C—
2020 0.85 2020 0.92 7
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KA S B fm, 5% 0.82%. 2010 ELL A, AT A
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Table 5 Results of semi variogram analysis of sandy land from 1990 to 2020

R 28R FH{E A Theoretical model He4>1H(Co) Nugget value I 1 (C+Cp) Abutment value
Land use type 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
ik Ei=E 4 =i a3 L 0.014 0.005 0.002 0.002 0.097 0.023 0.032 0.011
A e AR EiE e iR 0.014 0.016 0.000 0.007 0.097 0.067 0.086 0.041
Mt e 2NN BRAR R 0.014 0.000 0.000 0.002 0.097 0.013 0.017 0.010
it e =0 e TR 0.014 0.016 0.014 0.002 0.097 0.055 0.086 0.012
K e 2NN S i 0.014 0.004 0.000 0.008 0.097 0.009 0.020 0.122
W2 ERITY M fEE [0 AR TR 0.014 0.002 0.003 0.008 0.097 0.091 0.015 0.017
A F b fa% =0 e EiE 0.014 0.012 0.010 0.001 0.097 0.066 0.122 0.009
bR S HedE b Co/(C+Co)Block-to-base ratio R’ A5 Range
Land use type 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
LN 0.140 0.198 0.073 0.141 0.904 0.992 0.984 0.912 7500 224820 137400 17100
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W2 BRI A 0.140 0.026 0.173 0.497 0.904 0.817 0.851 0.840 7500 46418 49190 367500
AF 0.140 0.184 0.079 0.130 0.904 0.984 0.955 0.879 7500 205248 297300 17700
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Spatial-temporal characteristics of land use and soil organic matter in
Yulin under sandy land remediation
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(1. School of Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. School of Economics and Management,
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Laboratory of Soil Erosion and Dryland Agriculture on the Loess Plateau, Yangling 712100, China)

Abstract: Yulin is one of the prefecture-level cities bordering Mu Us Sandy Land and Loess Plateau in Shaanxi Province,
China. Among them, the Mu Us Sandy Land is one of the most typical ecologically fragile areas. The soil environment in Yulin
City has presented the profound impact after remarkable remediation and utilization in recent years. Soil organic matter (SOM)
can be an important indicator of soil fertility and productivity. The trend of SOM can also greatly contribute to the
decision-making on the stability and security of soil ecosystem under different natural conditions and anthropogenic influence.
It is a high demand to monitor the SOM dynamic changes from the large-scale space and long time series. Taking the
conspicuous sandy land in Yulin City as the research area, the purpose of this study is to determine the characteristics of land
use changes from 1990 to 2020. A systematic investigation was also performed on the variations in the SOM content under
different land types that transformed from the sandy land, in order to clarify the effects of different remediation and utilization
on the SOM in the sandy land. The dominant sandy land was selected to calculate the dynamic attitude of land use for the
transformation characteristics of land use. Three machine learnings (decision tree, random forest, and XGBoost) were used to
evaluate the factors related to the natural conditions and land use change characteristics of sandy land. The fitting accuracy was
then obtained, according to each waveband of multispectral remote sensing images and related spectral indices. Finally, the
XGBoost was selected to invert the SOM content. A systematic analysis was made on the SOM content and spatial distribution
characteristics under different land types. After that, a semi-variance function was used to reveal the spatial variability. The
average SOM content was calculated to clarify the influence of anthropogenic factors and natural environment on the desert
SOM. The results show that more than half of the sandy land was remediated and utilized from 1990 to 2020, indicating the
fastest transformation. Specifically, the sandy grassland was the most important land transformation, whereas, the fastest
increase was found in the construction land area. The better inversion was also obtained to estimate the SOM content with the
inversion error within 13% than before, according to the multispectral remote sensing using XGBoost machine learning. The
average SOM of arable land and water area reached nearly 0.8% of land use types. The SOM of all land use types decreased
significantly, with the average SOM of 0.51% in 2020. A strong spatial autoregulation of SOM was depended mainly on the
natural environmental factors, such as temperature, precipitation, and topography. Initially, the human activities posed a
positive impact. But, a negative impact was led to the decline in the SOM content and the land degradation, as the intensity of
sand use increased. Some recommendations were given to strengthen the restoration and improvement of degraded forest and
grass. The finding can provide the theoretical and practical implications for the sandy land remediation, particularly for the
protection of the soil environmental safety of Yulin sandy land.

Keywords: land use; remote sensing; soil organic matter; XGBoost; semi variogram
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