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Estimation of Soil Organic Matter Content Based on Dual-temporal Satellite Remote-sensing

Spectral Index
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(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
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Abstract: The performance of the dual-temporal spectral index (the band combination of two images) in predicting soil organic
matter (SOM) was investigated over a double-cropping agricultural region (Fengqiu County) in the Huang-Huai-Hai Plain, where
the bare soil period is often short for remote sensing of soils. In the study, a total of 117 soil samples were collected and
dual-temporal Landsat 8 satellite images during the bare soil period (Acquisition date: October 6, 2014 and October 30, 2017)
were selected for establishing four types of spectral indices: ratio spectral index, difference spectral index, normalized spectral
index and optimized spectral index. Then, these indices were used as the input in SVM (Support Vector Machine) models of SOM
after being selected by the variable selection method of LASSO (Least Absolute Shrinkage and Selection Operator). The results of
leave-one-out cross-validation showed that, compared with image bands or spectral indices built by single images
(single-temporal spectral index), the dual-temporal spectral index could make better use of temporal information of images and its
prediction accuracy was higher for SOM (R?=0.53, RMSE=2.01g/kg). Moreover, the spatial distribution pattern of SOM predicted
by the dual-temporal spectral index was consistent with the real condition. Thus, the proposed method of using the dual-temporal
spectral index for SOM prediction in the study could promote prediction and mapping of soil properties in areas with short bare
soil periods.

Key words: Soil organic matter; Remote sensing of soils; Dual-temporal spectral index; Huang-Huai-Hai Plain
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Fig. 1 Distribution map of sampling points in the study area
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Table 3  Cross-validation results of SOM predicted by models of
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Table 4 Cross-validation results of SOM predicted by models of
single-temporal spectral indices
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Table 5 Cross-validation results of SOM predicted by models of
dual-temporal spectral indices
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Fig. 3 Scatter diagram of SOM predicted by models of dual-temporal spectral indices
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Fig. 4 Spatial distribution of SOM by remote sensing in study area

3 e
T G238 B AR A T 40 P 3 SR

25 5 52 M FEAE 4 AN 398K 43 25 TR R A5 IR o AR 5T
BB PR A RS AR ARV AR AR IS TR) B 1 9 (10 A,
B BRI SR D% Bedt AT SOM 10 ARG FE IR, e
EORE R R’=0.32, RMSE=2.44 g/kg, XA[fgE 1+
HeREE Y EHE 1A BRI s, 2014
iR 10 7 6 HARMAEEGEAR, H SOM THKS FE 4
i, R*{Lk 0.05, RMSE ik 2.88 g/kg, i 2017 4F
10 H 30 H 3R 32 B AG T INDRS AR X 3055, W 5%
AN R 2 S0 R AR AT RE i 1 10 H 6 HERER
G2 BN T FORREFF BRI, AR U 7T e & 43
DR AT i AR B R TF A Bk, 1T 10 H 30
H S 3 2 E BBk 57 B2 B4 /N7 AR g i B 30k

T SO M AE LTS B S EE T X — 4, 10
H 6 HIARRFHIE—REEECh 0.13, i 10 A
30 HEYXTRME R 011, Hk, X+ EuERF R —44
PRI IX., SAE DX 3l PN 5 517 T I i ) A FH A5 BASE
X, (H/NR PR B K, Bk, B—mzia 1+
e AR DA PT REAFAE R R 25 57, 38 B AR 1 ) AH 32
BREEXEE,

O W5 & B 0 A4 TR 4, fes — e R
T BRSNS F T A e B e, 4 AR+
96 T SR OO R g, S Al B
S Gt S R AR AR FL, 3 T SR A DG 1 5 B
SOM TiUiRg B B i B 5, M0 S b i i i At
[l FHOF 222 R e I, SOM. A IS 38 3k 1) — 4>
AHRT i B 7K F-(R? = 0.45, RMSE=2.20 g/kg). 1H5
T A7 PR 1L AR 4 e B T G B b IX R Landsat
8 S AGH AR BRI R TR SOM. 45 R AH
Fb L ARHIFSE R A TR P A A1, HLASE A e R
R*=0.65, RMSE=2.50 g/kg. H&ERSEPOEfRH4 =1
3T Hyperion =i & B G E4T SOM Fii B
[FIRE & B0 55 T U B P S R AT L, ST SRR A D
TSR P UG AR oo PO B, o e IR AN
R’=0.55, RMSE=8.21 g/kg, ik T 515 % B i i
RIS BE R>=0.17, RMSE=11.14 g/kg. &4 5 54
I B TN B B A 30T, X T BE A TR B E A
T G DAL, (ST X A I SR
Lo, B - T 5 7 B VE Y A 55 RN H IR ERIRAS RS
Wi, ASBIFSE KB, 5 00F FH— SR it DG IS
B EL, PO SE5E A5 A SR A O 1% 35 Btk ) 4 A e
SOM THAE RS 3 T4 TH(E 4), Z45R Y5 Wang
EPNRIRFFE A, HAR BRI AL T 2T Sentinel-2
AL T SOM HIRFFE i R B, [RIEHE 22 5212 1
PR A OGS Ak 2 AR DR BE (R°=0.49, RMSE=
3.53 g/kg) P T B S DG HE A0 45 R (RP=0.31,
RMSE=3.84 g/kg). HEFUARILARIC R BRITIR
A, T L2 RAR T LS el 36 0 sh A8 AR fhad 72, IR,
B LR BB ATT AMGE SOM BUDRG JEE

Xif R A I B R R ARG B, R4
fil T AR PR SEAAR, UGS TR S SOM (1 2 78
KR, RS R*=0.53, RMSE=2.01 g/kg.
PRI, 18 B AR I AR 8 R O 20t n] REXT 38w
PRI UG B F= A e . SEBR L, U ARG BOR
FHE 2 B bR 3588 X SRR 26 (n - 4K 4y . 4
LA J35 RS 7 0 5 50 ) P i 25 5 4 1] 4 i e+ 38
JEMERY 22 5, T SR G IS S SO 1 2 - 8 s P A
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AR B A 22 5 . X 2240 O 3 [ AR L R 1
X, P T F—4E N 25 W MODIS 21544
AR ADEIEFE %, SOM il R? AT 3k 0.72, RMSE
N 442 g/kg, TESBAIX BN EE, WEBRESF AR —
AEHy Y Landsat 8 Fl1 Sentinel-2 &G4 , F4 EEXUA 4
JETE 4R B SOM i [ BE R AR T AR i ARG
(R*=0.80, RMSE=8.98 g/kg). M+ [X N—4E—2[X H
X B 2 R S — A H, AL, — 2 XN Y
A HBHE i —3, AS5IRERILE L XARF,
ASHIFGE DX T AE 04 B T V- i e L5 3 SR FH — 4 7 2
FFAAR S, P ZRIEY) 2 IR 7 e, R —4F
PRI 2 oA 30 T R AR M A K e i 7
KRR 14 B 18 S AR B, 2 AR AR ] — 7
1] 37 FNFAG AT IR B | 2= % T30 2 DL R - 012
FISEM, o — 5 1A W] BE 2352 3] 18w P B o [] A%
TERgsEm . (HXHF SOM, HAa iy & AR,
AR BRI ] 0] LI R BR TR AE 244 . £ X SOM i
W, ARWFFE AR BT R N S 4, (AREZ =
ET PR R ARG R W s B s R, 2T
3 P S5 R AT AR A 5% 150 S 1) SR AH O 154 55 )
FEASEI T80 A SOM T4 3. Sebr b, R 7E 4
AR A AR AL X, o K s [ [ Bl 114 5 456 7
XU A G 8 B0 vT BEAS B S A M TN A5 R . il
Dou ZEWEEF X B+ X SOM 8BS i Hi v, JEF
2002 4, 2009 4EF1 2014 4F 3 4E ) MODIS 521544
BIRUHFGIETE B, (i 2002 FRAZEH SOM Fi
R (R>=0.76, RMSE=7.66 g/kg). Kith, %%t
SOM Z B [ AR L He18 1 3 JE M, Pl AR FR
BF P ) B AG AT T8, (EUG) Bl o (] AR f e PR iy
3R, SRR A IR L R X T 45 SR A
S A T B — B HESY

I SR A T 1 P T 0 s e o [ v, A2
il T RAS PR, 38 R R A AR,
SEERFIH 116 A TR SR AR AL, 50k HE B AL
WAL, BRI, 8T/ VAR R
DAL A 5 B AT AR RO 1 , DAY/ AR LAk
PERZIN , FRARE AL LA R, 4 S R AS T
FEEE) ) AW A LASSO Bk ik s it , SRIEF
FH SVM HLERF 2 J A i iy s 745 = 1 SOM
SR, TR AL HON ) SOM 25 [A] 43 A4 Jmy 5
F BN A o AR, AT A2 O
b 8 A e B, 81 st A% AR RN B e 3 N
ROR: #2053 Hr 28 S i XSS ARG B2 (Y 52, I
Ab AHIFE AT X £ 3 SOM Hi S 38 A4 T Landsat

8 SR, TES R HFFE Al A2 = s 20 MR 52
&t Sentinel-2 $418), #E— BT RN AGIEHE 4L
AR 1, SEERIX I8, SOM 1 b i Iz 1 1 e 2% ] 4
BRI 25

4 £t

1) 5 B30 FH AR U B G 3R w3 ) A i
BHCR L, 1 RS AR5 8 55 nT LA 4 ) S A5 B
HE B AL, SOM FUMIAE B o = . &1 X 5218k B
FETEFREL, 28 LASSO AF & ik 2 5, SOM Tiilfs
RS REREAR
2)TES IS X S BU Y T -8 X 5k, 41 XA
T A BOH 0 1R BN A A, RT LAA SOH F IX
SOM FM 551 1 X T+ SOM S5 [ s i) 25 1 AH Xof 2% 1
() 3R M | 3B BAR TT AR BN ] T RARAED N 1
(R I 15
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