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HAY G FE AR L), @i By m AR (Digital
Elevation Model, DEM) #& U SR MR R B B B2 5
EERL, [ RAIE B B B2 HEAT SOM. & = Tl ) — 2
BT, CAGIE TR Z FE N OE. R R
SRR IS S G B IE N IIBCEAE (Competitive Adaptive
Reweighted Sampling, CARS) fifiide H FIRFAE S BEAORS
MNP B R B AW BEH M — LT, R 5EA 7
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B N R 0R %, UESE T RIE KM A S ZMAE
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[F2RA A R B—, F71E SOM TRIKE FEAm It o, oy
T RS FRE LS B MR R, A LT
AR AR, AR 4 [ 55— vk g A s TR R SRR
F R A7 B BT 2R R RIS RAIETRE R, DA
G S R AR . DEM B DL G R B N
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N oy R VA R /A A W T W L < L B L A A
46°58'N~47°52'N, 126°14'E~127°45'E 2 [a], J@&iE K
Bl PR S, M EASFIE, BRARTR, HRb AR,
e E K E B SRS, IR R BN B
fa] L AIAE L, R X NI A SRR L BEER
BRAK L. BEIERE, 4RI, & SOM FfE
BT, HIRIEIIE . 8P AT Ab i b 3 R b A
SOM EMHE . HTiZXMEmEER R, kb
KIS S 8 B2 i)™ 5, B AR Hh A 8y )
BB AR R B L3R T, SR B A MR
BONE 2 RN, T BT R (SEY Ikt
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i1 DEM %45 WK 1.
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a. Distribution of soil types and sampling points in Hailun City
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Fig.1 Distribution and DEM , soil types and sampling points in
the study area
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2019 4 5 H 15—20 H, TIE¥HEE, WEESH
DL EIER, TERRITAWACTT AT EHMTRARE . EF LT
HAREE IR IX A NREIX, 25 8 T ) P 2R T - SRR
££ 0~20 cm #FZ T3 NIRIERAE SR & = AEH AR
FERFE I —E 230 Y SOM 7K, SR DO 22 Usc S pt
by [FIRNTRIH GPS 103 KA A, MILRETIREAR
548 o REEHIBER AT KT, BHEE, i 2 mm . FEMEE
a2 48, A TORRENE; T SOM FE T,
SOM &5 & FH il A MA AR BT A A 2 il 27
1.3 FiENE R HIETLTE

KH ASD FieldSpec®3 {8 #5 26 1A AE I 2 A5 X
F AT ek AR AR VR W SCRk[18]. HT %
SR PR EAE 400~430 A1 2 400~2 500 nm i B P I A AR
RBREL, N R S TR, AR SCIR OGS U AR
WIEEHEA 430~2 400 nm, FXFHIEAT 9 AT 10 nm
FHORFEALTE, i R4 BI7E EXCEL AT ENVI 5.3 Hsz.

AN PE s ) 2 e, WA LIEFEAEA SR
EE T S a4 . RIS, T IEREAR S 4 58 ik I
AR, R ArcGIS 10.1 H 1) T AFE IR LA
M)A, N IR AR o AR - R Y, A —Fp
3 FA A EDG R B AE LR A S . RS E L
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WAHNEE AT SOM =gy, N s 2 ixH
N R T ZE BSOS R SCRFE B AR Y, N R
RIGER B —, 75 5 M 3B vl S B 230 2 ) 1) v B 4L
LRPEM, KW FTIEE CARS HLHhIRMREAS &, itk

BH45 6 DEM SR 1E AR N A &

141 Stadss

TE RIS EE T SOM IR 7 H, 1 e UK T
BB, WA SOM &5 B HRIURE G S, Fikai
THE RN — D EERRE . AT iE K
(Normalized Difference Index, NDI) . HJA—1hiE#
(Renormalized Difference Vegetation Index, RDVI) . Lt
fH$5% (Ratio Index, R 5 SOM F&EZ KR,

1 EEHRAR

Table 1  Spectral indices and formula
Jei TR AR 27 R
Spectral index Formula Reference
e R -R,
o A fedRs NDI(R,R,) =~ [20-21]
Normalized Difference Index (NDI) R +R,
P — {5 Rovi(ap )< AR
Renormalized Difference Vegetation TR [22-23]
Index (RDVI) VEH+E
R
Fu{E #5 %1 Ratio Index (RI) RI(R.R,)= = [24]

J

H: P R RJBT 430~2400 nm FATREMEE, H R#“R;.
Note: R;and R;in the formula belong to any two wavelengths in 430-2 400 nm,
and R 7R;.

1.4.2 ®HBRE

iy A 3 R K S4Bl LK P 5 ) EE 4y
FoHERR, #3230 MR B S2ma 230, 76 36 [ b 5 B4R SR R
uli Chttp://www.usgs.gov/) % DEM ##fs, H =[]
A 30 m. 7E ArcGIS 10.1 1, FJFH Spatial Analyst
Tools # ] Extract Multi Values to Points . F, $#2HH
FEAKFE 51 DEM, K DEM 1E N R % NS &,
1.4.3 4 fQEmm ik

LIRS EBIE B FAAOLIEE B IUR AN E I
%, it CARS FIEPRERHEAS & nf ARG R B 2
V) FR) g B2 L A ) 8, T 72 vy PN A 28 ) P8 O i
CARS FyEH B9 B EAE N —AMA, TR T MRk
R, ORE B BORIE N RE ST A . BARD IR
e ESE, B E R A AR R ISR 5T PLS
A, B [ ) ZR P AN R IR B R B R AL R
SR J5 A F8 20 %= 9 B8 %0 ( Exponentially Decreasing
Function, EDP) Al H i& M F N BK £ %5  ( Adaptive
Reweighted Sampling, ARS) XAF g 47TiE#E, Wik X
BSUE B VA TR RS EHIEY) 7R % (Root Mean Square
Error of Cross-Validation, RMSECV) , N RFHREP R
FEJR IS N AT, 13%] N> RMSECV, i+ RMSECV
BB, ZTETE SRR R EH
AU KRR E MATLAB 2014a SR {F 38 HiZ4T
CARS Bk B R 228 NIk S I R B

&, HAE SRR P R REOR E N 100, SFREE R
1T IEIEAR, I & UCR R RMSECV {H, 4 HAH
s/, A R R A S R I R B AR AR
1.5 RBEMESIE

RF R T YRR RE VL, Hrp g — R
R T —ANBEAL AR, X SR A R 2 AR E AT AR
M HAT VLA, AR AR, 2K R aE R
HATICE . RF X T ARGk 0] A 1R i IO Re e 0, B
KT i2H =R R ARIR S T IR R AR5AE R 15
=, A ‘Random Forest” T H /BTN, 7E#E4T
WA, a0 T Z A MM EE (nree) ZEREN
500, BT R T FT ST AR R Cmery) S8
BEN 1/3 AR R,

BRI R R AR SO0 UEEE 2 0 1 [ Ao ik R
Ao L CARS ffiik J& 3 S0t ik SO 4 . DEM BLK
HIEFEHCN AR, SOM F&AE N &, iEH RF, 1
H SOM TRIAAY . A5 Fl B e e REL (R ~ 07
HRAR 22 (RMSE ) PA R 1 -5 DU 707 18] [ B 25 F L %% (Ratio
of Performance to Interquartile distance, RPIQ) i
M AEFR . R, K. RIBIAIEFL ;. RMSE /N, R
TS BEBk = RPIQ [F) B 2% R& 1 0l a5 22 AU AR 1) A%
o, BT — AR FE G AR R T kAT
PEIR R A R P 5. RPIQ RO, AL Pl e /e
WMo S5 ZE TR ZE A, RPIQ X MLIIAE ¥ /A A 1T
s>, HARWF:

RPIQ =

1Q 1
RMSE

A 1Q A5 = MIEE — NI B IR 22
2 HBRESH

2.1 SOMf#iA%Eit
TIEFEAR SOM S ESUHRFEILR 2, FiE A AE
N 11.38%, /MBS 0.98%, LS SOM Z R K, 1X
NAETHAHT SOM BUR TS RERT FHR AL 188 BERIFEAEL
o AR - HEFE A SOM HIA LT T2 1 i F RNV 2 mT LA
i SOM & EHE IR IER 04 . 7E SOM AHSCHIRI 7T
F&N SOM i /3 BukH) 2%LA b, X0 RHiEie £ 3
TERPY, SOM FEA UM 2%01 135, Houil iizkisfie
Oy S HABEREF S RS U2, AT FEH SOM P45 &
UREDHD 4.5%LLE, RERETE/MUEH] SOM KIS EIRE T
IO RRHIE .
x2 TEEABIRSEFRITER
Table 2  Statistical results of organic matter content in soil samples
IR REAKE CPIME BONE RAME AR W

Soil type Sample Mean/% Max/% Min/% Std/% Kurtosis Skewness
ot
. 268 4.55 10.80  0.98 1.38 1.71 0.92
Black soil
i . 213 4.70 11.27 1.14 1.48 2.24 0.95
Meadow soil
Nbra
BEL 576 1138 184 256 -075 0.5
Boggy soil

K Total 548 475 1138 098  1.65 2.06 1.15
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2.2 CARS BUATHIEYFHER EX

3 Pl DL R o RS PR B ek R B A
T, ik s R R B I 2 faEok b, 3
RMSECV B 844 1) 2 056 ek 5 TH a3 . LR 2R 61
(F2), WE2awJLIEH, BEEZITIRESEmM, #iifikh
(I BAT B HOZ TR, 1T 5 YRR R B S, Uk
JaiZH . B 2b YA LAE 1~47 CRAEF, RMSECV
ARG, LIATFEEAET IR RS SOM LErET

X, T 47 YCRFEIE LU, RMSECV 8 2 [ T, £
SN S SOM JoHRK R AT E Bl A ias i, AT
53 RMSECV {7t B 2¢ NFTH A B CRREL L
Hf R R R, B SR RORBEE BT IR
RN B A KRB S A 2b b AL
YRREBUNE 47 IR, RMSECV 1B ft/NEI BTk £ itk
AF B AR o ) VE R DU AR 2 SR I RMSECY
H/ME FNIB AT IRBUAH IR B 3.

IZAT K Number of sampling runs
a. WEBRAA BRI
a. Changes in the number of waveband variables
e *PO R EL Y RMSECV B A A5 .

JZAT YK Number of sampling runs

b. R XEEY R RZE AR
b. Variation of RMSECV

% 400 R
- §¢%> 1.5 = SE 500
5@ OE 14:"&&0 g g (=9
<3 g 200 3o 1 .= b<] 0
° N 1.0 W% 2 €
23 M}E2 nog
4 B o= . = 8=
H)(Z 20 . . e 05 . . . . ; E:E,Da: 2500 . . .
g 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

IZAT K Number of sampling runs

c. ARRA R B

c. Path of variable regression coefficients

Note: *denotes the optimal point where Root Mean Square Error of Cross-Validation (RMSECV ) values achieve the lowest.
B2 CARS FixftRE
Fig.2 Key variables selected by Competitive Adaptive Reweighted Sampling (CARS) algorithm

F3 CARS TETAELIFARBIMIFIERER, TITRBM RN
R X EHEHFIRRE
Table 3 Characteristic wavebands, number of sampling runs and
minimal RMSECYV of different soil types under CARS
BITURE wmb
+IEEA Number of RMSECV

Soil type  sampling ~ Minimal
runs RMSECV

FAIEBBL

Characteristic waveband/nm

1280+ 1380+ 145014601470+ 1480
2t 1620+ 16501690, 1700, 1910+ 1940

Black soil 47 0770 1980.2 010+ 2 050+ 2 080+ 2 090 2 100+
2150, 2160, 2170, 2190, 2230

440. 530~ 550, 670+ 1 100+ 1 140+ 1 150+

=X 1170 1240, 1 340. 1 350, 1 370, 1 380.

Meadow 42 0.770 1410+ 1420. 1450.1470. 1650 1660+

soil 1700+ 17201740, 17701790+ 1 800+
1900, 1920. 1970, 2070, 2150

430, 1300+ 1320, 1430, 1440, 1450,

Y7 .
’g’%L 4 0509 146051470, 1610, 1620, 1810, 1910,
;’fﬁy : 1930+ 1940- 1 990 2 010+ 2 050+ 2 130
2150+ 2220, 2310
FIaIN . 0763 147051790, 1800, 1990,2 1502 170,
Whole : 2220, 2230, 2280

MFE 3 W%, JEiT CARS Hik, B4, S+, A
P DL R 73 25 3 i e tH 23+ 304 21 Fl1 9 NRHIE
WB, MIANKBEAE R AW BT 16%LL . B4Rk
HE VR B 234 2 BE0E 1 280~2 230 nm VT 2L 4Gk X I,
AW T3 NH, CH Ml CO Z5R[1 /)7 T IR 5h A% 4
ey LG AR R ok e B IR AR 5, A R 5
Hik Bk, Hr 1 700~1 790 nm & SOM Wi 5 1] fg &
AR R ) e AR B T ) o VR 0 0 ()RR A U
BAE 1300~2 000 nm LI 2] 40 A0, IX R B THE
TR E=ZEYIOE IR . EAER AR, BB 1450,
1 470 2 150 nm 7£ 3 Fp IR gk £, XEmT
SOM 7E 1 400 nm PfH i1 32 31| - 325 -1 i b T & 310
S0, 2 220 nm FHEAAAE—AN 5 SOM AH R BT RRARFAEIE

FFE I A AR L o i a2 b, wif
LR 4304 440, 530, 550, 670 nm /D> EARFIEE BT
TG, XM TRE 7 IR AR SOM A5
BRI, AT WCIBAFAER T RO B
2.3 FIEIREENIREVKTE

TR BB IEAS R, B R B (A P R
F, [ S ME TG SRR B s, BT ST A e i 4K
SR SR A B, EFERT FIRAGI SOM f)— S5 HLAIL
FHREIMTOCEARE, RS S AR SER R A S AT
RV R 3 AR UG R R s 5 SOM 2
[fJff) NDI. RDVI. RI fEEH Rt Eem, HAEn
P=0.01 7KV BRI E VRS (3 4) . B+ R 46405 SOM
(RIAH SR i, AHOR R BN 0.757, Hifig - RDVI 845 SOM
MIAHDGHE B, AHOGRHCN-0.784, HPEL RDVI 835
SOM [FHH RN E SR, AHICREON 0.922. 1B 3 FEANA] 35858
T 3 FOGIETESCS SOM SE M —4EHC RECHIEE . 3
RS SOM . BEURR I B X sk = AR rp TR 2L AN
4y, FEEEHTE 1000, 1900 Fl 2200 nm .

R4 IRBIREESHREEERNXER
Table 4 Relationship between soil organic matter content and
optimal spectral index

+i3E  H—HEHNDI A3 RDVI FEAEHES RI
Pl
T A , A
Soiltype  Formula Formula Formula
2Bt g _p R, —R, R
1910 1030 *k 1950 1910 ok 1910 ok
Black ———— 0714 ———— -0.737 0.757
SOil R! 910 + Rl 030 Rl 950 + Rl 910 Rl 940
- Ry — Ry
E@J‘ et o Rz 230 © Rzm ox R1 340 ok
Meadow R,y +R,5, —0.776 ————r— —0.784 — —0.779
SOil - RZ 230 + RZ 150 R! 420
WEL p R R.—R R
1930 1920 ok 1930 1920 ok 1930 ok
Bo ——— 0910 T 0922 e 0910
S(%i%y 1930 + Rl 920 RI 930 + Rl 920 Rl 920
o, AHICMELE 0.01 K ERE R o r NHKREL

Note: ** indicates that correlations are significant at 0. 01 level (two-tail). 7 is
the correlation coefficient.
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2240
1940
1640
1340

K Wavelength/nm

1040

740 |

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4

440 740 1040 1340 1640 1940 2240

440 740 1040 1340 1640 1940 2240

440 740 1040 1340 1640 1940 2240

# & Wavelength/nm & Wavelength/nm K Wavelength/nm
a. B1E-NDI b. %ifi+-NDI c. {H¥+-NDI

a. Black soil-NDI

r
1.0

b. Meadow soil-NDI

c. Boggy so0il-NDI

7
- 1.0
0.8 08
\E 0.6 g 0.6
£ 04 g 0.4
5 02 B 02
=4 I N
< <
i 0.0 i 0.0
-0.2 -0.2
04 e 04
0.6 -0.6
440 740 1040 1340 1640 1940 2240 440 740 1040 1340 1640 1940 2240 440 740 1040 1340 1640 1940 2240
# K Wavelength/nm K Wavelength/nm K Wavelength/nm
d. 1-RDVI e. Hift- RDVI f. ¥FL- RDVI
d. Black soil- RDVI e. Meadow soil- RDVI f. Boggy soil- RDVI
2 r r
1.0 1.0 1.0
2240 0.8 08 2240 08
g 1940 0.6 g 0.6 g 1940 0.6
= = =
5 1640 04 5 04 5 1 640 U
2 02 =2 02 =& 02
(53 (5} (5}
> 1340 Z z 1340
§ 0.0 § 0.0 § 0.0
1040 02 ¥ 202 ¥ 1040 202
740 (5 -0.4 0.4 740 (3 04
-0.6 -0.6 -0.6

440 740 1040 1340 1640 1940 2240

440 740 1040 1340 1640 1940 2240

440 740 1040 1340 1640 1940 2240

i# £ Wavelength/nm % Wavelength/nm K Wavelength/nm
g BRI h. Hif4- RI i. HEL-RI

g. Black soil-RI
e R RIS REAL T . ShAAKR 430~2 400 nm AR R — K

h. Meadow soil-RI

i. Boggy soil-RI

Note: R; and R; are respectively any wavelength in the abscissa and ordinate of 430-2 400 nm.
B3 KRR IEEA G 3 REIEKE SOM A8y it X A HIEME

Fig.3 Two dimensional correlation coefficient matrix of three spectral indices and SOM content in different soil types

2.4  SOM HifEFmiERy

H#E S ws, B4, Bt EELHRIEERE
Ja R E R BKIKN 0.678. 0.674. 0.768, Hrhy@ -tk
i, Hf) R B AR, X TR R UK A
T, wARY, MAYEE)Z BRG], A
REFE /iR, T LKL SOM A2 4% SOM HITE AL R T
WK . AJe A AR R, 1K H) 0.742, JEERIEIEBER R,
A% 0777, @ fREEIE, £—ERE LiEE T SOM
(Y TIINRE 5 o To i A B — L3RR, G 2 4k SOM Tl
H R ik 0.67 UL L, RPIQ ¥IKT 1.8, K ZIEA
RE B AT S EL SOM Tl

TE RIS SOM Tt Fe e, ik B /& — AN 5 Iy
Mo AHFFCIEIE CARS Sk ik i B LT 2434 I F AH
BRI RBOK T 0.65 fifiide I BB AT e b
B, WKL CARS BEAMUAR K H B A% 398 s e ik A

B E R, BiAEE Ry 2w 1 0.167, K5
1 — E R Tt

x5 ANELIRLBFENARA TR BURE B

Table 5 Prediction model accuracy of random forest for different

soil types
. AR LAl S
B - |J
j:ig;’éi Calibration set Validation set
Soil type
R RMSE/% R RMSE/%  RPIQ
Hk 0.842 0.560 0.678 0.706 1.936
Black soil : ’ ’ . .
it . 0.839 0.593 0.674 0.767 1.848
Meadow soil
ND
wEL 0956 0541 0768 0933 3.568
Boggy soil

TE: R NAREIE YeE 2%, RPIQ AV A5 U 437 I6) B B B3 () L 3
Note: R’y is the adjusted coefficient of determination, and RPIQ is ratio of
performance to interquartile distance.
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Table 6 Accuracy of random forest prediction model with
different band screening methods

R
Calibration set
)is RMSE/%

Lsanis

Validation set
R’.; RMSE/% RPIQ

5
Methods

CARS (&) R

CARS (Global segressiony 758 0752 0742 0836 1922
CARS (Jm#E )
CARS (Local regressiony 897 0326 0777 0581 2689
VAT
HIRIHTIE (r>0.65) 0834 0665 0610 0839 1914

Correlation analysis (7>0.65)

3 i

AT AR LSRR (B, B, BELD
43 AT SOM BTN, HUAS T mks . did IR
HEAT SOM T, JHER T AE TR i+ “radhitk” &
S5 i AR S, AT A T 52w TR
fEo HTARZERE TSR Y5 SOM & &I 2 R,
IR SIS AR R E X, i R, B
FIF LA RIS 30 i S 4037 SOM Tl o Fil Je ik
SO T 4 o A1 )3 5 J 3R B VA E AT SOM. T L e, 446 8
& 45 - 3 R G N7 % F A LT B IO AR A B AN
Uf, XA TRPZER AR 2 MR
VIEREE S A B 2iim, SOM s, Firbh 2 fl
TR [ i 2R RFAEAR AL, 3% R SOM 4 & [ V3K
K. . B L. EFE L LT WA ER
KZESR, Hdd 4= EES RS EE R, 4 RIE
HREOE IR B A S S IRECRE IR s B S .
F TR B T A e, X TTHEE R, £
EEHEASM, AVRSEES. LARERE NR
BB ISR, A L R B ERME . B
WED. AYURSERMC. LIRSk, Rt . 40
Kb LI EEERE KR

DAAEVE 2 238 A 1R AR DR 43 TR AR 72 SOM 5 1438
WA R (BHA RSB KR, BHEXR
i BLE Sy SOM BURBE B, M5, Bk 2 15
KH CARS AFEARE %, AR E I &k
TURAR R, ik USRI, AW T CARS &k,
Bk B EEE A AERE 234 300 21 MRHIER E,
HAWEEHK 11.6%. 15.2%. 10.6%, W ARH4E0R T
WEBAEE, kT SOM TR 7 Rk B H 2, 1HHAT
SEE A . S5 R E W, CARS Jiik il 7 EAF A —
SE MR, BB EEAEPTE 1 100~2 400 nm 2 8], IX
FE TR RIE . WA RS R (1) T IR B R
A A AR SR . o, B O R IE B B D A
1000 nm PLF, iX2HT CARS F2& i ) 28 M AR 7Y (g
/N IEAE G S R, A XREAN W AR A T B
e 2R B B T 1T AN S FH AR DG 2 A B e R AR
B, CHMMAEHREY: SOM fE#4 NIR-SWIR i
L, R SO A - A KA
L ) - 25 - 4 i i 2R 38 1 CARS BhIE M RFE PR B,
AR FHMRAE 1 900~2 400 nm T ZLAMGIE X I, 78

A LT LA TS X 3 43 i o CARS X R4 1S 3T
FRIEAS B, 7E ORUFAR YRS FBE 11 [ ) I 55 a2 ) 2 A
RKAZ X, Bao It B4, BAEL . Kb+, Hifmt
4 FiH3ERAYIEIT CARS Bykimik s 48, HiER
KZALF 1 350~2 400 nm KN, DEAMT 400~
1200 nm. Ak, ik CARS HykImEk s, 58
AW SOM (1 St igma B BV & A [E) 3587
JEIE CARS Rk MBI E R, HIERIIRHER
sEHAEANRE .

TR IR B BB B ) R AR B AT B AR B
AR e e, W T T R R R NN
BT R TUAY, ARG AR IS Rt 1) . 2R LR Ik
P EEE N 1030, 1910 1940, 1950 nm, Hifa)t:
7£ 1420, 1340, 2150, 2230 nm, JBEFELESLE 1920
1930 nm. 3 P 48 S8 A 0 Ik (0 Bk B A A T
NIR-SWIR Y[, 1% H T F 2 2 ] 1) SR A0 s AL 7R
NIR-SWIR 35 [l BT of 7 (1) B e « 2 5k S5 5 A 5 A5 AL
Wehem, 5 AAE R 7T — 200, IR i ok AN [ 25 Y
T35, DL CARS FRiLfFFES B . DEM 048 Flo'G ik
TRBUE NEIEVR, 571 RF B GERSE 2528l SOM Tl
W, EREEA AR ERIRT. SR, AWK RA A
JEZ A IR TS SO I 2 52 B I R B
WHIRSY BIEREHREE . K. KSR R,
B, JE 2w FeqE i b AN Bl b, KRS
USRI E, s E A SOM kil AR AL A 5%,
PLIRTE SOM [ TS .

4 % i

R T RS [F A S RO A WL (Soil Organic
Matter, SOM) %t N\ & Y B — ik plohs P P (G F) I, A
CUAAR T 3 RIS (A, B, JHETD W
FENIHE R EA N R, dEH T m R (Digital
Elevation Model, DEM) VLG FEE/E N N &, 12 H
BEHLARMEE (Random Forest, RF) #4T SOM Tiiill,
LI T4

1)t 35 4+ 7 1E B E INBCRAE (Competitive Adaptive
Reweighted Sampling, CARS) %%, ik H IR EL
MO NP B R 4 B B H 1) 16% LA, T HLAg
U AEAR RAR B PR L w4 FE A R AR
FE, MM 7B milEe ). i EL CARS &
VAT IR JE AR R B e R 0.167, {5 IR B 4T
VLA CARS BVATESEHURHIE B BT & AR A 2
475 T L B B E o

2) jEit 3T SOM Full, AN[E 3R
SOM % 5 e REBAFAEZ R, TBELRRE G e &
=i 0.768, Bk, g LR TR EERAK, R
£ 0.674, iz 1] RF Xf 3 K431 SOM Tl i 5¢ 5 DU 73 o
[RIBEEE B LL KT 1.8, Ui EI &R 4. B ik
REEL, SEEE e E R, BB R
HET .

3) T CARS IHEMIRHIER B, DEM PR G
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Hyperspectral prediction on soil organic matter of different types using
CARS algorithm
Tang Haitao!, Meng Xiangtian', Su Xunxin?, Ma Tao®, Liu Huanjun'**, Bao Yilin!, Zhang Meiwei?,

Zhang Xinle' ™, Huo Haizhi®

(1. School of Public Administration and Law, Northeast Agricultural University, Harbin 150030, China; 2. Heilongjiang Provincial
Geological Archive, Harbin 150030, China; 3. Heilongjiang Fifth Geological Survey Institute, Harbin 150030, China; 4. Northeast Institute
of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130012, China)

Abstract: Soil organic matter (SOM) can improve the physical, chemical and biological properties of the soil through a variety
of functions. An important role of SOM is performed on the soil function and quality, further to prevent the emission of
greenhouse gas in global carbon circulation. Spectral characteristics of SOM depend mainly on types of soils, as well as
different physical and chemical properties. Previous models constructed by the hyperspectral reflectance or spectral absorption
characteristics often lead to the low accuracy in SOM prediction, due mainly to the input type structure was single. In order to
improve the accuracy and speed of the prediction model, specific characteristic variables can be selected to reduce the high
collinearity between spectral bands, where there is a large amount of hyperspectral data in the presence of redundancy and
overlap. The spectral index is set to minimize the influence of independent wavelengths on iterative calculation. Furthermore,
the topography significantly determines the surface microclimate, the movement of water on the surface and in the soil, as well
as the process of material redistribution. In this study, taking the Hailun City, Heilongjiang Province as the research area, a
SOM prediction random forest (RF) model was established for the different types of soil, in order to improve the accuracy of
the SOM hyperspectral model. The characteristic bands were selected by a Competitive Adaptive Reweighted Sampling
(CARS), while, the Digital Elevation Model (DEM) data and spectral index were data sources. The results showed that: 1) In
CARS screening, the characteristic bands of each soil type were compressed to less than 16% of the total wavelength number,
which greatly reduced the dimension of soil hyperspectral variables and computational complexity, thereby improving the
prediction ability of the calibration model. The CARS was suitable for the extraction of characteristic key wavelength variables,
further optimizing model structure. 2) Three types of input variables that extracted by the grouping experiment were then
utilized for the prediction of different types of SOM. After grouping, the SOM prediction accuracy depended mainly on the
type of soil. Specifically, the maximum prediction accuracy achieved in the Boggy soil of 0.768, where the Ratio of
Performance to Interquartile distance (RPIQ) was 3.568. Black soil was the second most accurate. The prediction accuracy of
meadow soil was the lowest, only 0.674, and RPIQ was 1.848. The RPIQ for the three types of soil was above 1.8, indicating
the good prediction ability of the model. 3) Local regression was conducted to improve the prediction accuracy of SOM. The
local regression prediction accuracy was the best. The adjusted coefficient of determination, RMSE and RPIQ of the validation
set were 0.777, 0.581%, and 2.689, respectively, indicating the model was highly stable. The proposed prediction factors can
be used to realize the rapid prediction of RF-SOM, where the traditional complex program can be simplified. The findings can
provide a promising basis for the selection of input variables, thereby predicting the types of SOM in different regions.

Keywords: remote sensing; soils; organic matter; spectral index; terrain; characteristic band screening; random forest
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