Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

FEiI8E  F24M Vol.38 No.24

2022 4 128

b RS E T AT IA L ) P R S WL R A 25 55 B4
B, EEEE, BEM2 4XE2 F OB

(1. PHAEARMBHBOR A IR 22, ik 7121005 2. PUILRMBHLR AL BT, Mk 7121005 3. PHABRMABHER K

TREFI T, AR LR R R E R E S SRR, Bk 712100)

 OE: BSRVDHZHBMESIEIEX, EEEREN X AR P VD BB a8 B FH B B35 R, o 3R s 7= A
TR A T IR AV HA R G R 75 300 H3EE LR R, A FOE RO AR T v, R 2 ek i AR
RS, SEA TR AR AR AE, 85T XGBoost ML £S5k, RiE 1990—2020 FEHIEGHR S&E: 4
EAS A 2B R R AR & =8, @ R R AR R T AR R, BE AR R E RIS R R
GEIRLH, 30 a [AIMIAK 5460 km? Vhih b - H8 B EA AR, VD -F R B R B R 7 X, @ w i Hm A
WK WX EIEENUR S E BT, BRI NSRS, BHURIME M 0.34%8 K 2 0.79%, i 10 4F
FRARE 0.51%; Mitkid X HEA VLR ARGRI 2 W B &8, AR XA RRAER, (AR DR 58
IR, A EHEEAUR A AR B, SRmEUER S E TR, miE RO, IO MR RIS SR, R
E IR SR, W NI A R AL S R SE R A A X, R MR VD Hh BRI 2 4

KRR EA R ER; BEAMUL; XGBoost; FE A FEL

doi: 10.11975/j.issn.1002-6819.2022.24.023
FESHES: S288 kRS A

PINAREHE, SKEFEF, SCEAIl, . IDHMESATHRM LA AR TIRENRNZE S FHHEN]. Rl TiEFR, 2022, 38(24) -
207-217. doi: 10.11975/5.issn.1002-6819.2022.24.023 http://www.tcsae.org

Sun Xingi, Zhang Bangbang, Chai Chaoqing, et al. Spatial-temporal characteristics of land use and soil organic matter in Yulin
under sandy land remediation[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2022,

STEHES: 1002-6819(2022)-24-0207-11

Dec. 2022 207

38(24): 207-217. (in Chinese with English abstract) doi: 10.11975/j.issn.1002-6819.2022.24.023

0 5 &

W E R A RRE 2 AR E R E KL —, 2014 4F
FEWAL L H ARy 261.16 /5 km?, o5 [ L AR
27.2%, AL FBRVEA AR T IR DAL B S R P2
R E Rz —, TEE B E S A S 7 4.
B ER L2 G, EEFRETERMSOEDE TR, @
SRR MER PR SE 2 T TR i, BRI
KB KRG BN RS, THUOE A E] 93.24% LA
b, BERVERE B B EIE R, SR, iR AE
T TAE, Afe— i SRAE B 78 o5 B s,
BB 1% e vE Vb i i HEAN - Rl R AR AR - 3 R R 5
M. SfFEFREYH, ATHRPEEFERTRESAR. &
BB el NEARUFIHEER, Mkt
B RUPHAE A “ R fELBEA,

T BT AE A & AR AR A= ) ) E R AR,
MR R TR AE KRR . YR SR e
THEEHUR NS /R, s LI R AV S
&, XEAEA T HEIKE . S RREEETED,

Wk H . 2022-08-26  EIT HEH: 2022-10-27

HEeTH: BHEARRISESTIE (No.41961124006, No.42171267); Lt
BESHRITRITIE (No.2022ZDLNY02-01)

EH IS INVIKBL, BT A LR 8. Email: sxq@nwafu.edu.cn
MIBEER: T, Hd, $HR, B R B SRS,

Email: yuq@nwafu.edu.cn

http://www.tcsae.org

WA U AR R A AR B B SeB fE br . [
i, A S AR B A IR, MK
THAA AONE R PRI RS2 R A R A5, H
B R ZH# R T RHE W RE o BARAS R A0
T HIEIR BRSNS AT ot Head il
IR, AR>S R S Vb st A P AR A R rhont
BASEPER, BRI 2 W, 6 A U
oAt SRR T I SERIE AU — R e ], AR BT PR ENER ST
TR, e o R R A skt R IR AR A LR
RUTANE B AR VT T AN R P HEAK 357 5y
3 (B R VERAE AR5, X DA A I T8 2 41) - 14
ENAARAEATIIN BT RASRE S BRAN R 7D 1 B3 AR
FT5 3T IR S S 22 5

FEF 38 B AR AT AN TT T, il
RGBT, R AL B R R 08, 2o
IR AA TSR L T LB Hr R £
RSN Raps e ZER/INGHOE in s E I RL LT/ FWNE 2 <2
BUNMITFCIX VG NRTT, RAETE 7 R A IR RO RES I
PS5 IS N 5 s phidi S €7y SN DU INER RS EHE S
MIOLS: FERIEDTE L, BT 2 Julnl A R S2 0 A R 5
PR A S AT L R A B R BN, BLgs o2
VTTERE S TE IR B 2 (B I P AEIBR AR, 3 IR i i
AR ARAR e, B K 2 Bk 70 R BR T S [l L),
BEHLARARIT, BP M2 R USISEAE G 73k by R RIS
ks b, RO AR B, ARFMER R



208 My TFESHR (http://www.tcsae.org)

2022 4

1T 8, NG T MR S BAE A B B 3 AL
JRA A AT R AT REPE . BRAL, B BB GG 3 AT IR
AL P XK 247 T BN ARIR, i
HUR & R il 7oK X 00200, sob-F A B 4= Hh 45
RNTTRS PG ACYDEHLIX, MRS I TR D, X IR AL
AR RN AT 45 B AE B AR B2

AL, A SC SRR 1990—2020 4E M Ak 7 S 1 Vb 3 i
TR A AL R, 7E I b A5 A 2 e E B AR,
HANHZE TP HRGEE, NZFYLE % ik
HH 7 38 H I TEORS B B A ) XGBoost 7 7206 i AR i b 3
AL S AT R, R AR e o § 8L
HA o SR E SR E R AR BT b, B
TE UL 30 G EF XV b i A [F) B2 v AR 7 O L3 AL
e REmAEL, AMTEmANRESRDHEH
[ RS DA Rk T B PR A Sk B g2, [ BN A R0 )
B A X ek, 4R IR R AR A, DA R R R
FIR T R BUR A F B, 4545 R X 4
AU L4

1 ARFBESHIERIR

1.1 HREXER

Mtk (36°57'~39°34'N, 107°28'~111°15'E) 7Ty
BHIEALES, KIRE IR XD EEX, b B R IbET
%% MM IRRRIR A AN R AR, 2R E
K H B X —, P4 H IR 2 593.5~2914.4 h,
VUZ03 B, H 2K, 4 PSR 10 °C, 47 H4[%7K 400 mm
T4, BRI XL G S E T AT b Ji - - Rk
TR PE P, R MRS AR, R TR A
X, 87w R AR R, o
IRF32E (GB/T 21010—2017) A HLE Vo NG MER AR KV,
FIZ VD78 S AFEARTOR W -, RIS AEVDH (AR B4,
ASCHT AR YD TS FEIED 1990 FEAAR T iR 2R — 2
IR “CUbHL” RV, Heit 5460 km?, WA FIRA,
MiBH. Rl S, X E, WK 1.

H1 ARRei

Fig.1 Location of study area

1.2 BEKRIERAIE

AR SCHTAE R 8 I R SR U T PR A ) B s
(http://www.gscloud.cn) , 1990 2000 =% ] Landsat5 TM
RERGEAR, 2010, 2020 4R ] Landsat7 ETM+RE KGR,
THWBCE W AR, 2 FEEDY 30 m. 1T 2003 SE LS,
Landsat7 T2 HHL#RE, SO T & I8 R . Xt
P SCAR AT E bR . KARIE . Bk DA S BT 45 73
AbFRAS B B AR B B R SRR ST
EREKE, SR A b E R B BRI R S U oL
(https://www.resdc.cn) LS CRU TS (https://crudata.uea.
acuk) , HFEIY 1 km; BRIGZ AL, 4x[E R R 2R
TSR I 2 (8] 43 A B (CAS-LUCC)  H[E DEM =¥ H]
el L A AT BUX R B DL b AR S D R DR B X E
Bk B T E R B BT IR SR 2 S B vy, Hod
CAS-LUCC 7= ik BEIR 1] 91.68%, St AR RI b fif T 1
AHIX 43, JEAH TR IR b K R A S A DS AT
FR); A R 1 100 HAdERE THE L
YR (http://vdb3.soil.esdb.cn) o i#IT ArcGIS XAl
AHAEIAT S — B, JFECRFEE 1 km [0 70 HF
R, AT EL s, 23] 1 km [BIBB AT %R MEAE I =
[ PR A% AL
1.3 MRAZE
1.3.1 ERARHEE

R A FE Re S AR I L BRI B E R, R
Mg 2% 1) FH S 2R T A ) A A e 26,

1 R 3 A

B — A FH B 25 B2 B SRAR I — 5 I 18] B A AT 71X
SRR R B R ARG L, HAat By

L 1

-L
Dzux?xloo% 1)

a

b D AW FE B A — R R IR A B35 s Lo
Ly, 73 53 989t T AR T8 AR I —Fofr =l 01 T 2 2L 4y
N, km?s TONBEFUR A XA, a.

2) LA LR Eh AR

23 LM I Zh 25 P RE 6 il 72— I [R)3E [ Pk
T EEAA R LA AL I O, Hat 60y

o[ B2

2N L

i=l 1

« L 100% 2)
T

X LD AN X &S LR s &E, L
NWFFEIANIEE @ 28R R TR, km?; ALy, NAERT
FOIANEE i S AR FH 2B 1) j 2 F R R FH 2R A LA P T
FAESHE, km?,
1.3.2 #EBEIELIEHIR

1) B SR A 38 B EAL Tl A 22

1958 & 1960 F [H I e 55 — Ik A [H L35 7, 7Y
Jed X HIEA VLR AN 8.81 g/kg, 1979 FEIFUETT e
TRAEIEEA, T 1991 AERTEEARSE R, Padbi
X IEEHLURSME AN 9.13 gkg, 30a [EPGILHLIX 1354
U AR ZE N 3.6%, 7] W, 1990 4F ARG 3384 HLR 2 i)
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A AR T RN,

R ] R A A A AR e Sk B T A R
Ay, 25 R R BB 0 AT A5 it T (A A
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IR IE DL . S HERR Hh R b AR ) I s A %
HIsEI, PR 12—R4E 3 At B EE G H a8/ T
2%MA AL . iSRG SR H Landsat #8852
% 6 NI BURSHE
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T TR ERE . 45E DR, SRk B
NDVI. EVI. GLI % 28 /Mt 45 8t 17 18 B S i i Bh
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3) HAIESHOHE

) B 5 A [F 3G WL 2 7= AR R Z 5
Me 30321, 7R R AT 3 HUTE 00 ST A 0 0K - R
I RAENS AN, MRS 5 AR &R0, R
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K € VR 19 Fofr 1 F) B EAT AR 5 A 1 19 A 0~1
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B R, R E R L KR ORI . K
FEGTYE . MEHLD W2 R T M GlEM . RA
JER A @A) « KA (PHh. St .
R oAb, HHEAHU A0 52 B R EL R i)
Ko AERIHTE . SEFA T, I L 25 (8] R £
EMM R E R, HuBE 5T X DEM 4B Rl B A
e AR, IS G 2 AR R K S RN A 2 R R O S (R
N RIESHL

4) WL ) BT

PSR [E] 32 — Pz F R SR S5 i gk T B0 o 12
KWL E, Hp— A SR 2 A7 AR
W, B— NSRRI R R, 7B
ROR S EIH R EE R BENLARMEIE (Random Forest,
RE) 208 2 AN R SR 0 B8 S db AT VISR A0 Tl iy L 25
SRR v, RS 2 (B AR BT, SR bagging A
AT 2] BP & W% M2 — MR Z 0L 7 5
ENGRM 2 ZR0 R4, 8 FH B s R BRI a2 (1R 22
P J7 A g s SCREIRI &AL JH (Support Vector Regression,
SVR) 21 ek 2 P W S S K0 e S 1) vy 24 2548 R A

(5] 24 v £ H b AT IR 1] 2 R 25 1] o

F 1 TENEHEHEITER
Table 1 Derivative spectral index and calculation formula
A eI R RS FE R 5
Derivative Calculation Derivative Calculation
spectral index formula spectral index formula
BIEH— L ER N
KiEES  (G-MIR)/(G+MIR) gy*f%zfi’tﬁﬁ NIR/(NIR+R)
MNDWI
. Sk S TR ki % vy (NIR+0.1)-(SWIR+
A %ﬁf*ﬁﬁ (NIR-R)/(NIR+R) ii*fé%ﬁ? i 0.02)/[(NIR+0.1)
+(SWIR+0.02)
éIiQFME#E%&%E RIG 0.285xB-0.244xG+
L RGRI EESEN RS 0.544xR+
CEEOGIEM TS (B+G)/(R+NIR)x GVI 0.724xNIR+0.084x
#{COSRI  (NIR-R)/(NIR+R) MIR-0.18xSWIR
e 25X(NIR-RY/(NIR | L3 f 0.5%{2x(NIR+1)~
IR +6XR- HUBE#2  SQRT[XNIR+Y
7.5%xB+1) MSAVI2 -8x(NIR-R)]}
) b . _— (2R+1 -
g’%@u'éi%*ﬂﬁ (NIR/G)-1 ﬂgﬁiﬁ%h SQRT((2NIR+1)2-
8(NIR - RED)))/2
ZE SRR AL NIR-R & IEfij 1 L (NIR/R)-1/[SQRT
DVI MSR (NIR/R)J+1
SRHBTREEAR 15X [(NIR-G)/(NI || IZ£L4MA —1L4R
B GSAVI RHG+0.9)] H NNIR NIR/NIR+R+G)
%%i};ﬁﬁ*ﬁﬁ NIR/G LR PEFE A NLT  (NIR2-R)/(NIRR)
éﬁ%g{éiiﬁ (NIR-G)/(NIR+G+ | H— . ZE K5 (NIR-SWIR)/(NIR+
”G 02 " 0.16) 4% NDWI SWIR)
g A 5 "
; g%i?iﬂz gﬁ;\z (NIR-GY/(NIR+G) | HEIHEHEAR NIRR
=t e [(G-R)+(G-B))/(2x| EIEALZ /M SQRT[(NIR-R/NIR+
BRI A GLI G)+R+B 5% RDVI R)*(NIR-R)]
SR FEAH A T NIR-G A LHEHTH (NIR-R)/(NIR+
% GDVI Wifa % OSAVI R+0.16)
3.618x[2.5%(NIR~ A Kgﬁuﬂ R/(NRI+R+G)
HRIAER LAT  R)/(NIR+6XR- . .
7.5%xB+1)]-0.118 ﬁ%{@f&? i (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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Obj" = Sloss (1,3 + £ (x,))+ Q(f) +e
=

T
Q(f,):;/T+%/IZW§ (5

Ao Obj) fFRFHIEE S ¢ M ARG loss(OR 4R
REH, —RORTRE PRER -1 MR
HATRINE ; ¢ RRHEEI; QUHFRE ¢ A IE I3,
Ve T TR A IR RS sy FI A RORIEN RS T
FRFEAFTE AT SRR we RoARIEMHHEE 0
AN 25 55 AL E DY,

TEAR W 3 WL -5 M 5% S i 2 5 2 0] 5% & (1) (]
SRR (R MR RIS R, A HIZ A spsspro 3K
PE53 AT SR . BENLARAR . XGBoost HlLa% 2 >[4,
196 HYC B A 5 S A A S B A Ry e R S A AL AT |
B HURIEE N B, 6 MERBI R R GEE B
DL H A 52 MBS % (28 Mt et fa %, 19 AN+
HRRAR & DEM. 3E. 3 AR K B RT3
B ENETES5ia., 8 dart #2508, @A
WrR R R . T B H S S B AR .
1.3.3 FEFRHHAEL

2275 72 BR B HL SR T 2 v R A A X A A 2 [
AR SRR PR A, TR A SR S R R AR R
FE VAR [ BE, 3l ik v S AT TR PR 9% 2R ok 2 i 2 2K 1
ARFIE, Hoat sl e,

1 N(h) )
y(h)=(51v(h)j;[z(x,.)-z(x,.+h)} )

P RZEEEEN b BIFTA FEA G2 A 1T
1B Zeo WX AL RENLA & N(h) NS TRIFEES b FOREA 5

0 50 100 200 km
Pl Legend I TN WA TN NN TN W T
[ kmipaddy field [ stfhother woodland
I:I S HiDry land - B i B High coverage grass
- H Mt Woodland - 7 5 % B HMedium coverage grass
- #E A Shrubland E %78 7% )% FEHLow coverage grass

- Vi Canals

- B Ak HOpen woodland

b. 20004

B2 1990—2020 ik b # 31 ) ZAL
Fig.2 Land use change of sandy land in Yulin from 1990 to 2020

1990 4EMARTT 3L Vb Hb 5 460 km?, FE /S ARLERIL
BRI, AR B X AT DA R il B il BB

IANE Z(a)s Zoath)(i=1,2,... ,N(h)) 53 SIS X A A &
ZOPE xi 1 x+h 2 TAAL B BB, it % AEs
T h-p() R R T 2, oA S ek B e L
Fg A e e m ARG (CorC) , HTHREN
R BURERALE y 3l OEREE N1 (Co) » B4l
B LR AL L (CN(Co+C)) o HRFELL BEAATILBE
MUK & S 80K 25 1) 28 S A0 SRR S rp O SR /D,
F i fE<0.25, FBAR R A ] B AR R, A
R EHBEARRRIGE; PUEHE 0.25~0.75 FRE
EEWPEEMIK, R 2] E SRR AR 5 m e
Fs P E>0.75 UE AR & 1) B A SRR AN, S 211
Z R NNFE RGBT, I BT R4 1838 S A
FMNNESH SN RGEAERNS R, HRRREERS
ks Mo BERR LIRS SR R, B IR
AHUR LR N, N IR 2 A5G LR ARl A
FEAEREALIE N 2R, H R BUAIRES LA MU =S (R A e
R HIELLOS3), AREF7HIE ] GS+HER A X I 373 2
R A R FH AR AR A 0 b A5 A 1 A HLS & &k AT
Ty ARARAF AR O IEAS A, TR T 2 0y 25 MR U A 40
A, IR R R A R T R A A R

2 HBREHH

2.1 ETiCHEA AR Tt F F A 2 B AL 4HE

V0 bbb R FH 5 2 A A BT DL 7R I R R
FE 1 A e 3 A2 o 1) FH TR} 2% o % 0 B 15 5 0l o 0
H1990—2020 4F 4 [ - 1 ) i e J2 I EScdis = o,
I ArcGIS $#2HUH 1990 4FApk i LR R8N “9b
7 B EBE, AR ECHE 20000 20104 2020 4 AH M Y
EIBE, 50 1990—2020 =0 Hb (1) 4= Mo R H AR 40 175
R 2.
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FESCIERE b, UTESEEREEAE AT T B A T 5K
RN IG 55, VOB R IZHT R EE TR A G ME.
HA PR L A B iR, AT AW . X e A
(7] ) A P SRR T H o A fE Vb b rp, s il — 202D
K&, AR T 02 R R TR A A 7 1)

GEiHEE 10 afi AR b s B AR 1) % - 3R S T A,
THE & AN P J — St 2R 0 A — R 33 B,
R 2.

R2 19902020 FAEMAEEIRK B — Lt FI AEhSE
Table 2 Area of different land use types and single land
use dynamics
— 2 [R5
Wi gk Area/km? Single land use dynamics/%

First Second types - _ - -
11| yp 1990 2000 2010 2020 2000 2010— 2000—2010

R E S

types 2010 2020 2010 2020
K H 0 32 47 45 469  -043

i 352 124
it 0 374 502 572 3.42 139
EopzS:i) 0 2 3 3 5.00 0

bt AR 0 69 63 63 -0.87 0 19 o
fi 7 S 0 63 77 74 222 -0.39
Hibtt 0 4 17 20 3250 1.76
EERER 0 1 8 8 70.00 0

By PEREREEHL 0 332 444 422 337 -050  2.09 -0.39
IR EEM 0 1343 1575 1517 1.73 -0.37
TR 0 9 6 5 333 -1.67

e wa 0o 2 1 1 -5.00 0 056 1S
KIEGH 0 4 7 11 750 5.71
M 0 4 5 5 2.50 0
W WEM# 0o 2 4 3 1000 -2.50

BR gERS 0 3 7 8 1333 143 7273 1560
%? HAigHth 0 6 80 222 12333 1775

i 546032032 5302445 -2.10 -0.34

Ei I

i o 5 7 7 4.00 0 -1.86 -0.51
Filth hmth

MERES ! 0 2 77 29 37500 -6.23

30a [A] V0t i UK IR FEAK, B 5460 km? B 2
2445 km?, MR vb O 2 #EAR Ay HoA - R B 2K
R, FEBRALEN 10 5, J5 20 G0 ATE RIRE %
%, B— TR HZNEELNER 2.1%5% 2 0.34%. ¥
i —FEH R VD BE H E RIS, 2000 EFLHLTHIAN
i EIEE] 30.7%, & 2010 4, FHLATI DL 2.09% 13 K
EGSY R, TR 10 FFALRE A fR e RS . Mk
b~ b PR b R P B 4 32 B DR 6 B o =, R
RE B RAE B 78 a5 R A s A T PR B RE ) SR AR A, (R
RE,  HvDHES AL bR Y b AR — B R R,
FEA AN MHE A BRI ZR AL, 73T 10 I KIR 2% .

PR AR 2 . AR R & AN T gk A7 A
FH oS0 (1 e £ E R 7 2, S XP VbR AR RS B R85
FoR a3 G B E KRS . 30 a (8] 5% T = M i 1) 2

FEAWIRAL, AR R E A, DURH Y R Y
R, 2020 AEAAR T H VD MU AR B R T ARUA 2
617 km?, it 10 FHKHEEH 3.52%4 % 1.24%. 1[LLE
B, fEVbHu AT B R R R AR B b, R4y
P TR 338 0 SR8 T DA T8 FH b A AR 1) LA 72 132 FH 3
2] 2020 FHLA 222 km? B0 A A AT H At 2 5 U
FF R, 2000—2010 5= — 1R FH 2h A FE L 2] 123.33%,
1E 2010—2020 F EIRIEHBRBZ IR LL 17.75% M ENZSFE
BRI R IR Y R 2R AL, WO, Ph b 2 B
KIJREEN = 55R, BE&E MR TSP KA 2 @&,
Vo HARTE AR R T S 28 AN T [ 40 1) FH A 4

BARSRE, Mdk D H i) - R FH 47 4 3h 45 B R B
FEAIC, EHAT 10 4F1 41.34% FFEE 12.51%, 2010—2020
N 4.03%, 1990—2020 “FREAA LR H R A B3I E N
55.22%. X Tyb R A FIHT R AFHTE 1990—2000 4F /)
ERR, BRI, A IAURIER I, B R
T ARSI R, FH UM AR ) P58 5 e R Sl - 338
R — ST
2.2 FRANSFEIFERELIEBIER

T 38 BAL B g R st Y S e 1 B e b, A%
G 2 VBT A DAV B TS, WLAR 27 ) [ A A ()32
RGN T AT fR 3% P M DA SRS A RS, DA WF 98 8 5 SR
FHBENLARAR NS P it (B AR R AT AL T, {HK
BB RAE /NI Y JETF, 6 R TR X 3 i 9 7 e/ HL
REFEAE, WA LR &5 SN . LM . BP #f
2%, TFFRENLLLI XGBoost 5 Fhlnl A 5E, M
R 4 A R S AR R, 5 RS f [ A FE 3k 3
. ATLAEH, iEH XGBoost [A] 475 1% IR kS 55 K
FHABARY, FROALE R LR TR A AL 2 i A5 A
FIRTE VD X i XGBoost HLa% 2 > [8] )5 5 ik fe s 45
A M3k AT 22 ok 28 B R A WL . 43 % 20004 2010,
2020 EBIBLGHAT AR, SRE B R, i+
T AL iE B ORI S E T S HEE HM B R E S8, 12
XGBoost [Al AT 34T K-4F 0 B L3R PR 5

#*3 [EEEERBE

Table 3 Accuracy of regression model

EVERRrS YIZ4E Training set DAEE Test set
Regression methods RMSE  MAE R RMSE MAE R?
XGBoost 0243  0.147 0.871 0.534  0.295 0424
RF 0515 0344 0404 0667 0363 0.397
A 0.557 0347 0334 0.608 0356 0323
BP #4024 0463 0375  0.641 0.635  0.403 0435
T EAL 2.779 1.538  0.285  5.261 4782  0.231

HT T 2% A BR ], 308 3o 7 AT o A i P i A G
FRAR A BTRIT FE v B S 38 A B 5T 0 xS 4 SRk
TR BESRAIE . FR T A SR AT TR LT 9T X O /NAN A,
X T RUREAE B S5 I8 45 SR v T T 28 A R E S SR R
RALE, X X EAE SIS ArcGIS # 5T A M v [
FEF RN AP S B IME, RIESR 5 S
i xt b LR 40 AT DL FE BL Al EC S PR AN [R] a3t ) e
{5 T A ML A RS A O SOk Hh S A BB



212 Ak TR (http://www.tcsae.org) 2022 4
TRIRZELE 0~13% [0, 5 L8 SL bRt A K 4 5l € 1 BT & SRR I e 38 0 5 BRI %5, B 0.34%3
RZE, 1Z IS R BEW BLHER S B S X B IA LS K2 0.79%, 3T 10 4F 8] fH X FEIKE 0.51%.
AT R .

2.3 HESRTHMAE LR B AR TIEEIER
A28 T ALAFAE

AR Fz Y A5 B ) B 4F - 3 A MR RN 2 1) AR bR
N ArcGIS,  H fUFE IS e e S B H A 90 B i
FIYbHYE R, G H AR W R HIEE MRS BN 6
2, 1990—2020 4 I ML /- A G L&l 3 s

1990 FAIARVD X I HIEA PR &R K ZALE 0~0.18%
X P, e ) g AR A A E VD X A X 4. Bl
EXTYP R A, RIEE VR & BT,
For i B XA T 2 e R BT X, 2010 4F, A
AMEHARKFLX LIEFVRSE EAZE 1.25%~
2.42% X [a], HBHX AN & EE 0.97%~1.25%[X [[] 4
St RIE R . SRTT, 7E 2020 4F, HMIARTHVP X i
MG E RIS, WX RS LIEEHRSET
FE2 0.79%~0.97%IX [a], &5 X 3G BT & 22 5
AN, R AR T P AGAN 31 X 3k 9 1 38 HUT &
KT 0.97%. A B HTANF L HOF 77 2R IX 4%
BTG, GEit B MU AR i 75 K 4 Hh R 2 7
P IEA VRS EIME, 5 9T XA IEA LR
SEITA, SR 4. 30a 7], KKK LES

1345 ML Soil organic matter/%

- 0~0.18 |:| >0.18~0.79 |:|>o.79~o.97 |:|>o.97~1.25 - >1.25-2.42 - >2.42-5.01
N ,

)

R4 ERORERSHENTRENRL EXEE
Table 4 Comparison between remote sensing inversion results
and measured soil organic matter in literature
e I 1] FOEAE WORERTTR) SRR BRE S

Inversion Sampling Measured Error/

Location Time Data Source

value/% time value/% %
Hitk#kR: 2000 0.42 1999 0.38 11 FEREage
HiBA X 2010  0.85 2010 0.77 10 FREkEALEE
b vzt 2010 0.65 2013 0.69 6  BELIHLE
HdkmidkIX 2010 0.70 2013 0.73 4 L
ﬁ%ﬁi 2010 071 2007 070 1 ke
Mk 2010  0.64 2009—2012  0.71 10 FHEfH
MiFHX Ak 2020 0.36 2018 0.32 13
MARTI#YS 2020 0.18 2018 0.19 5
FARTIARHL 2020 0.20 2018 0.21 5
KAREPE5E 2020 0.51 2018 0.54 6 LfERM
KAgEMM 2020  0.62 2018 0.59 5
SN BB 2020 035 2018 0.39 10
VEIB B 2020 0.45 2018 0.45 0
i 2010  0.93 2008 0.92 1 J,I_r‘z‘ﬁ%[‘”l
2020 0.63 2019 0.71 12 FbeEE e
. 2010 0.63 2013 0.65 3
Res 2020 0.85 2020 0.92 7 AR
200 km

o 50 100
I Y TN N N IR B B |

B3 1990—2020 453V o 35 A ALK = 18] o A7
Fig.3 Spatial distribution of soil organic matter in sandy land from 1990 to 2020
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Fig.4 Changes of the mean value of soil organic matter under
different land use types from 1990 to 2020

1990—2000 472 - 35 A LT 3 s s Pt 3, DA
i AN K 38 AR F A R 28 B 3 LT S84 A
I 0.8%, MRHLEKIE S/, HIEDHLT 0.34%38 K 2
0.66%. 2000—2010 4FFR/AKIAM 2 B R AHH#, HR
TR 7 AR RIEE N S B R R KSR,
KA S B fm, 5% 0.82%. 2010 ELL A, AT A
TR 7 R R A WL S B R R R, SRR Hb
THRNEE, BE 049%, #. K. W2 ER
F Ml DA e bR . B - 3 WL & AR IR B
2.4 CHESATHMAR LT A AZRATIREIR
ZESE

NIRRTV HAS TR E v R 75 2R 38 ML (1 %3 1)
BRENL, FH GSHRAERHAR TV H 30 a (A1) 1A
MUR & AT 2= o, BRI FEN RS, 1®
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BKIEIME B2 AT 0.7~0.8, HAe2 LA LR
PR R? KT 0.8, HERAPERI R, ARG SRR, B
FE LU B /N AT DA I T 8 BT 2 8] 4 S 1 O, Bk
Fo52 N S0 5w R AR 2% TR 2 BR 1 1) 25 A 1 FH 46
Fo MR T VD Hb I HE I FO R I & 7E AR 358 9 36 1) %
fith B NCAIR YD R — R TR vk K AE 4, 2k
L2 BEAL R 45 5 . 3R 5 SR AS [F] 2 3R 2 ek
BRI, MmN R, Hd R, Bk
R ILAE A WU & & 1 KN B S 18l o A . D b 4 =)
FRE, 30 a 0] - BEEHURPEELLLERT 10 4FHH 0.14 3K
2 0.198, LB Em A, BESRREE, ik 10 F
N FFHE 0141, 5 1990 F4F. BRI S, %
BT BRI L IR ZARHFAE 025 LAF, 6B H B BRI
A A SCME, A R B2 A FRK. MR

H AR R R, H I N30 R S AR AN B
2000 4F, MiAkyD X A HLUREEE KR 0.74%,
H5ANA—R TREBHRFRERXRES, HDHEAR
T, MRHIETE 1814 km?, FERIELLEBORIERE B AT
LB IE S i 3 ON R i ek - 3 HLB AR A E R
2000 —2010 4F, MAkyb X H3EA LR & E3G kN, =
TEIT 10 SRR 2 e, MBREEEC R 2 TR, taT bl
F AR 20 18], A PR 20 38 1K B4 R AR S 45t
TR INAE R vt P R S R T L A AL A B AR
FH TE B 4 A P oxs 338 HL5T ) ¥ FE AN B B 4 e 17 1)
9. AubZE 2020 45, BRIELLEIHZE 1990 K, AN
A RSN RIS - A R I s E W Nl R T -3
J, NAFERFMFHS D X 32 AIER, fkeX
TIHHPUF TS R E 0.79% FBEE 0.51%, BRI T
1990 0 19 0.33%7KF, (HBEAREE TR IEA B .

&S5 1990—2020 Fib i F TR B HMAOLER
Table 5 Results of semi variogram analysis of sandy land from 1990 to 2020

iy ) i 2000 2 Theoretical model H4:1#(Cy) Nugget value F A 1H(C+Cy) 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 B BRIk =80 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
- ) 27 BRI L Co/(C+Co)Block-to-base ratio R? A FE 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
Bt 0.140 0.233 0.001 0.159 0.904 0.935 0.980 0.871 7500 294400 91200 37500
b 0.140 0.000 0.008 0.159 0.904 0.978 0.861 0.817 7500 9600 29700 19800
Hitth 0.140 0.285 0.163 0.157 0.904 0.997 0.967 0.881 7500 293582 40183 24600
K5 0.140 0.385 0.000 0.062 0.904 0.754 0.712 0.705 7500 56464 2615 301030
W2 ERITY 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

W2 JE R T I HUTR & RS H R TRk
B 2000 45, HASE EAAHA R RGE, LIEAAL
JR 2 (8] 3 A U 58 452 F AR A AR, DR i 28
BUL 11 km?, A5 Fyb MR o] 288 AN, HAR%
PR FIEAE VR &2 EAE 0.71%. 2000—2020
T, BRIE LA 3G SR B NS T b i - TR B AN T
B, JEAEH. TH R AURNE B, BRI,
SEEAHR T EWNE TR, B 2000 ik 2] e
0.71%2 J5, L& THE 0.54%, i 20 4R 3 i Fl e pt
Xof - Hb PR T R RO S W AR LA g, AFAE S AR
EHAAHIS .

B I A YR BIELLAE 30 a A1) 50 B R R%
HIBE 5, 2000 4, AENEE 0.285, il 0.25 HIRI1E,
NN EE R A ST o 0, SR 0 s b fr b s
EHE LUK TR s HIEAR 7y, I E 0.34% EA%
0.75%, FEBEMEK RS IG AR, R E
SRIAEE, X LA HLTUR 2 8 2 e EE F - HIT 20 4,

BEEZ P TR 0.157, 5 1990 £EI 5+ 34 LR
PR LL IR B [F]— 7K F o E AR 5 R 28 T Ok PR 1) e b - 438
HHLUREK, Wib—ahp s Rai= 7, HiE
BHURPEE 0.5%, B4R FRESRSERAHE .

I Rt A2 T A SR I A4 RN 52 1) e RN 1) = R FE
N, BEFE LSRR AL, BHUIES T XAees 5%
A LEEVR S &, e EIEs, (52 2000 £,
BB PR R R 0, M EMXCHRLEE, NNSR
IR T R, AN REREE E AR igE
0.78%, 2010 “FJ5, TIEAEVLRS =M TR, Hk
B2 0.16 /K, A NIF B 388 1 6 w8 F T 4R
B, EEEEVURE R TRN, RIEMAKERES
ey, LHOBEAITREER, 75

3 1 ®
AW RAAR B IEENR S E SR RES
5 2R (I () SRS AN 2% (E) P Ra e RO RTIR @i % 1990
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TEMIAR T I S E RN T I BAR R 2000—
2020 SEAARTT LA ALB ARSI B ARTT N A A
A S e SN e i (e R o A B~ < e
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NHERIVHA R AP ER L. ok, S
N ANE SR 0T - 3384 ML 1 5 e o B () A2 4t 22
AR, PEADAS [A)AF R AR HL T B T 35 R e i AR
HEZES, A% —r LR RGBS IT R
B R A LA LR AR E R, PR AR ) I
JUE Gl S 2R RN ST AR G HR E BB % SR AE HH A [ B[]
FiHh g NI R E S, (B FE— L8 S S AL
ITREFE U i R VR PR IR 2. BT BIRIE, A3
B4 FIH XGBoost ML#% 5 > R FHAT RS BEIGERT, YIIZk
L HNREZ R REdd i ks R rid
S 435 B A S A AT R R AT B, R AE A
SCRTRIE ) b M5 ] P B v A AR AT SR T DA e R
B, AR EDEBE RIS AS ek B TR0 AS 5] X 3k 1) -+ 38 A AL
AR DL, IX Y4 T SRE G RS B X A LR
a3 DX TAESRAE T fE S .

FIH 22 i 18 IS AR AT I WL 0 R
MEZ R, B, REWHIEE 12— 3 AEgAEK
AET S M /N H A 38 B AR AT I, AT TGV e i
T B LR R R IR, 2GR A
W BECHE, TOVARE XS MR I A R 4R A B T
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TIEAAE L, TOIE I A P R A TR e T R
WHL BRG], 2 TNBEEEE, R AERE R
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TIRAPUR S ED, R RE R T A AT A
WL AR AAG TH 7 RARCOR PR, PR e e 4 R P A —
E [ SEIRZE o

H T R IE R BR 1), AW FEIEAFE— AL .
1, I 1990 41 IR AR 42 1 5 — Rk b A v
HIEE, JEAE 1990 SERTHT FLIX VoV BIE BUR AN,
Pa G X B A LRI O R E AR, HIE AR
TIEHEBR RS s BT 10 100 7 I A A 1S
B LA PR S ER RS, BRI X 7 LA L
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Spatial-temporal characteristics of land use and soil organic matter in
Yulin under sandy land remediation

Sun Xingi!, Zhang Bangbang?, Chai Chaoqing?, Niu Wenhao?, Yu Qiang!3*
(1. School of Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. School of Economics and Management,

Northwest A&F University, Yangling 712100, China; 3. Institute of Soil and Water Conservation, Northwest A&F University, State Key
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



