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Fig.1 General information of the study area

0.63 ~0.69 um; ITZLAMEE: 0.76 ~0.90 pm;
WLLAN: 1.55~1.75 um ) , ZPPER KH30m; AWIFS
F20064E515H . 9 17H . 10 1HMI0H 10
HYEIRS-P6 DRV & FIRELH 2 U BBl ( 4k
Bt: 0.52~0.59 um; ZLUE: 0.62~0.68 um; T
LLAMNEBE: 0.77 ~0.86 um; FEIKLIAM: 1.55~1.70
um) , PR AS6m, HA10H10H M E4 K E
i A B DXL R b XY R BB 43, 7E B bR IX TG
%, MODISH20064E515H . 6J8H . 9H17
H. 10A11HMI0H28 H7ETerra L2 F3KEUH
L BB (2RPEBE: 0.54~0.56 pm; ZL)%EL.
0.62 ~0.67 pm; FTLLAMIEEL: 0.84 ~0.87 pm; &
BLrAh: 1.62 ~1.65 pm ) , Hr2r iyl BEmaT 1 4k
B 2 BERJE250 m, SR BRI I 2T A0 Dk BE Y
SPHERIES00 m, A T ORFFHERE—2, 500 miY
3 U B R 21 40k B TR AE 250 mo AR
B KR SR I E S AN FLAEENVIS.O F #E 17, A8
FEBUERAE AP & R EESE R, AR
FHIE B AR S A B AR R b (FR1) |, MikkHs
B UL A R 2 AEA TR H AT SR A T e

BT 1 30
1.4 X TFASTER GDEMH#Y 2 [E F 3K EY

ASTER GDEMEJR T b B ZS [ 504G =~ F &, H:
B E AL (DEM ) /K5 [ 50 BE% 030 m,
P (Slope ) it ArcGIST0TFEE . o F2 MR E 43
S RAEF]56 mFI250 m L5 AH o 45 OB 1Y 43 9t
FH—.

R XA FTRLETRX, AHILRMSHS
K b R 1 B A DG, SRAE RS T AT Y B
(distance to river, RD ) FISEAE S A M ALFR (x
Fly ) R sgmiA LB 2R EE R IX,
FIERER S AL L, EHEEAL (soil type, ST)
AN Ry 5 e A5 LT 53 A 1 DR TR 2R
1.5 TEFiE

AR R ERZL, A NEF
HhER T PR R N R A B A T AR SR AR R 22
MR F R 2B . REFRAEHMR 2 (out of bag
error, OOB error ) & X WUl i% 2 09 LA AG T, Xt
F R, RN T, KRR U
B PR 7 I A8 A MR 22 1 B D A W TR T S R

http: //pedologica. issas. ac. cn



2 34

E BB

BT 200 PR IR 5 BEHLAR PRI 1) L A L T A 5

345

R EBERITELAR

Table 1 Formulas of vegetation indices
lERGE LA NN 22 3k
Vegetation indices Formulas References
bt o
VU AE s KL NIR Cohen [ 23 ]
Ratio vegetation index ( RVI) red
U —fhATT B 4 L
Normalized difference vegetation index NIR - red Rouse %5 [ 24 ]
( NDVI ) NIR + red
{7l L (R4 e 5 NIR SWIR - SWIR,;,
. . (1- ) Brown% [ 25 ]
Reduced simple ratio ( RSR ) red SWIan - SWIR,,,
B kA 4 NIR - red T
—+0.5} x100 NellisF1Briggs [ 26
Transformed vegetation index (TVI) ( NIR + red ellis ress [ ]

TE: NIR, JTZLAMNIEEE; red, ZL9iBE; SWIR, FLLAMNIEE; SWIR,,,, RILLLAMEBIAIR/IME; SWIR,, ., FILLIMEBIK

% K{H Note: NIR, near infrared band; red, red band; SWIR, shortwave infrared band; SWIR
infrared band; SWIR,

max ?

the maximum value of shortwave infrared band

K2 ARIZE S PERYET B E F ik

min 2

Table 2 Screening of factors relative to spatial resolution of data

the minimum value of shortwave

TE5Y X ASHNR B 5 X ARG B AT || RS X ] - 2. S [ B
by T oon iren | Sub T 5008 acor o] Sty P % [ DO
areas Factors errors deleted or not] areas Factors errors or not areas Factors - 00Berrors or not
Ay ND 4.48 A s ND 3.82 Ayopis ~ ND 4.64
X 4.35 x x 3.82 x X 4.57 x
RVI 4.24 X TVI 3.79 x Slope 4.51 x
TVI 4.12 X RSR 3.71 x RSR 4.47 x
ST 3.98 X ST 3.63 x TVI 4.38 x
NDVI 3.95 X Slope 3.52 x RVI 4.37 x
Slope 3.89 X y 3.66 vV ST 4.34 X
y 3.82 x RD 3.74 vV y 4.23 X
RD 4.33 vV DEM 3.89 vV RD 4.64 vV
RSR 4.68 vV RVI 3.57 vV NDVI 4.55 vV
DEM 4.39 vV NDVI 3.6 Y DEM 5.16 vV
By ND 3.62 Bawres ND 3.72 Byons ~ ND 3.55
RVI 3.54 X RVI 3.63 x RVI 3.47 x
TVI 3.45 x RD 3.66 2 TVI 3.46 X
NDVI 3.31 x Slope 3.68 \V RSR 3.5 \V
Slope 3.41 vV NDVI 3.64 Vv RD 3.54 2
RD 3.41 vV TVI 3.65 Vv Slope 3.5 Vv
RSR 3.88 Vv RSR 3.68 2 NDVI 3.58 Vv
X 3.57 Vv y 3.85 Vv X 3.57 Vv
y 3.61 Vv x 3.88 i y 3.56 Vv
DEM 3.36 Vv DEM 3.86 VvV DEM 3.64 vV

T R R B i O B Y BT 1 R T RE TS0 I 72 A A A AMR 22 Ml 0 Ay I TMAEH TP A AR CUPBBER ) 5 A yyies
FAWIFSEAE A Ay WMODISEE P g A X 5 By ATMEUE P AYBIX R (B R FEBEIX ) 5 By NATWFSEUE R Y BIX
5 Buoms IMODISEHEHHIBIX IR, ND, AWM x, ZEMH; y, SEEMH; RVI, WEMBPREG TVI, Fdmmeas; Nov, H
— AL AR R RSR, ML ILEM #9550, DEM, & {H; Slope, ¥EHEE(H; RD, EIFMEEES . FIE Note: Underlined data are
out of bag errors of factors remained in RF prediction. Ay stands for area A ( Aeolian sandy fluvial land ) of TM data. Ay is area A of
AWIFS data; Aygps is area A of MODIS data; By is area B ( Losses hilly ) of TM data; B,yys is area B of Ay data; Bygps is area B

of MODIS data.OOB error, out of bag error; ND, non deletion; x, longitude value; y, latitude value; RVI, ratio vegetation index;

TVI, transformed vegetation index; NDVI, normalized vegetation index; RSR, reduced simple ratio vegetation index; DEM, elevation

value; Slope, slope value; RD, the distance to rivers. The same below
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MR ZZE RSN M Faz -, RZ IR EE, M 5K
MRFELIY PR e (%2) .
1.6 RFRESHIGE

ARG UL bR i 1k AR & O AL, i AT REFARE
UG AT = Fh oy BE R A B HLT & & 0y o] 5
D). RFARA R Sy 7 e S R BE il I, JE a2k
bootstrap flIFEIRTE 2 FEHLFEA, Jf 38 2o ik S A
ARG 590 3 ST AEGE I TR SRR, AT ) ol Bt AL AR A

X [ 05 [R]85, R A R SR T 435 SR 4 ¥ (B AR
R AR TN 2 5 1T REFRE A A Sy g B b
KBN2AN KA S ntreefllmiry, ntree AR
B K, B Fbootstrap B AIFEAIREL; mtry
SRy g YRR RS Y i NS R A R B, XA S
BB [ R AR B R PSR 2 BB 7 A i 48 Ah iR 25
IR/, AR CRFHIM B E ntree 7 1000, mtry K2
(£3) .

R3 FREZEDHFRLFETHRRKEE (ntree) MTHEHERE (mtry) BIFFIE

Table 3 Screening of numbers of decisiontrees (‘ntree ) and splitting numbers of nodes ( mtry ) relative to spatial resolution of data

WoEIx  ORREE R AeHMR WFFEIX SR B RPEVi s 3¢ MRz
Study areas ntree miry out of bag error || Study areas ntree mtry out of bag error

Apy 1000 2 3.82 By 1000 2 3.31
2000 2 3.88 2000 2 3.36
1000 3 3.92 1000 3 3.43
Awirs 1000 2 3.52 Buawirs 1000 2 3.63
2000 2 3.58 2000 2 3.67
1000 3 3.66 1000 3 3.67
Asons 1000 2 4.23 Byone 1000 2 3.46
2000 2 4.34 2000 2 3.52
1000 3 4.43 1000 3 3.58

2 ZARHINE

21 TEENREEZESH

Wi RIEF Mrandom forestfd, % E RFELAI[Y
ntree 71000, mtry k2, g i g I+, ETM
(30 m) . AWIFS (56 m) FIMODIS (250 m) [
23 0] 43 BEARTR 43 AE VD e X (A ) FTEE - Fe B
X (B) Xf LA PR HEAT I, ) ArcGIS 102
73 T REASEHY Y AN ] 25 8] 73 B 5T 19 A LT
T 45 2R 143 [m) oAl CE2) .

ME2FT LAt XU R IX % - 38 ML AR
AT B TR LRI, KA X R L
R T8 g ke, X T EAL L HERY F Sy
X ZIRPHE MR R TRRA R, KT AR A i 50
Vb Ml B 22 5% 7 g [ 2 B E VD b, R JE S5 K]
B, AVBEAERZERE, WHERZ LAY S &
B BB X R I 1o E, 2K
TR MAHER R, A LA A, R
AN BT ¢ ke™'o T TMEME MY +

AT HILITE B4 725 [ 23 A7 70 RO e 3l DX e AE g i, 7R
P DX AT A g H O v BIER 52 928 2 O A
T AWIF SEAE T i) - 3 A AL 5 2 8] 3 A s
HTME A SR E—2, HHAE R IX > 10
g kg (A LT 43 A T BT MU T ) T AR/
LT MODISEE 1 - A LT TN 45 5 5 A pLngs
TE Bt Fe b DA HILBIT A B9 B K B A JE 25 B o
o m TR o
2.2 BB G RITE

IR B TN A R B, e R
W (B A A i - A BB T 25 2R P B i 45 B
MR/ (4, WEOT, BG4 5
OO, SR HLSTH A R4 R
Z . WEAU)N, AP P AR A AR SO
PRI 35 A 3

E=- Zi;lpJogz(p;) (1)

X, ENRBEREER, OvRoTm K, L
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™

8.00~9.00
9.00~10.00 < &
% | ©10.00~11.00 '.\‘K

# ©11.00~12:68 :

1R
SOM (g kg™!)
u4.79~6.00
u6.00~7.00
u7.00~8.00
=8.00~9.00
29.00~9.41

MODIS

e i

=
A7 SOM (gke) i

SOM (gkg™)

6.22~7.00 26.07~7.00
%, =7.00~8.00 #7.00~8.00
4 #8.00~9.00 #8.00~9.00

9.00~10.00 #9.00~10.00
510.00~11.00 ©10.00~11.00
©511.00~12.32 511.00~11.83
AHLT AHLT
SOM (g kg™') SOM (gkg™)
4.83~6.00 5.26~6.00
#6.00~7.00 26.00~7.00
#7.00~8.00 #7.00~8.00
#8.00~9.00 58.00~9.00
#9.00~10.20 9.00~9.66

He A KDL, B: B+ EBEX; TMACREIEFTMEE A AL B0 &, AWIFSEHEC R EE T AW IFSEE 143 L fim 1l
MODISIC R IL TMODISEIE A HLE M A Note: A: Aeolian sandy fluvial land, B: Losses hilly; TM, AWIFS and MODIS

represent soil organic matter prediction maps based TM data, AWIFS data and MODIS data, respectively
K2 A BT 25 SR L A

Fig. 2 Comparison of soil organic matter prediction map

G S BT, p R BoTE il ot 5
B BT I (E
F4  THEVRTNLGERBMEE L

Table 4 Comparison of SOM predictions in entropy

BE5E X Study area T™ AWIFS MODIS

AP HEHLIX (A ) Aeolian sandy fluvial 2.19 1.33 0.3
land (A)

W B IX (B) Loess hilly (B)  1.81  1.11 0.26

HIRATT A, 18 BGEAR =S A Bl sy, 1o
AL S ) 0 1 v £ B RO ok, 7
AL e 3 DX T T MR 1) A BIL B 0 PR ) 905 {1
K, FEHE + B XL FMODISEE i /N
T2 VP AR A [ b S DX T R AR AR 1 0 ) - 4
HHUEAREEE, RHEYRZE (mean error, ME) |
% X 1% 2% ( mean absolute error, MAE ) . 3
T IRiEZ (root mean square error, RMSE ) Fijz
IR R KL (R) SRATIEWT 5T X L A LT F
RS A P i 22 A0 — bk 20, I, il AR
X S 25 5 (4 vT i BEFE ( variance explainability,
VE ) KU WA A 73 B R B8 T B RFRIRS Ay

BLIT 23 1) 48 57 (0 e AR g 7

RFBIH A TR A3 20, 02 X R AR e SR AT
AR A R R S A LAY o A B AE SR E
SRIE W — X BEAE o 9T LA B AL AR AR 55 22 5 A1 1
BA B B S SUIIE, AR B i R 22 5
HE T R T U B ML AR oA AL TG )
M), 3 2 11 5 0 R 0 A 7 Bl P T
B, ARAEAS R RE B 43 e F A A S )
s 2 F1— SR AT FEAS [R) 73 R 55 1 T 3 HL
SR ARG (£5) o FSH: FERIPHEHIX, 3
T AWIFSEURE (1) R FAE Y i ¢ 1 185 HL 5 25 ] 28 5
(Y RE T e, I 2R A v I {7 5 00 {1 1 A G
B = 350.95, B0 T ECHE A T AE A S Y
R RENTIR0.67; A PER T By AR 1 1
Mz SRR, RN SRR ERI80%, FiE4E |
TIN5 S 0 I 25 05/ . R B IX, BT
TME A (14 A5 780 T . ) dmc i, IR 48 NG IE 4R h
ot RN S AR (9 A OC F 805 135 £10.96 F10.7 1,
YIS T BB L I60% , 36 UE A Hh F90I A 5 52
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Table 5 Comparison of SOM prediction in accuracy
IR b A E o L B e AR B T L
P IX VE

Study area (%)

Percentage of the training set against the total

Percentage of the validation set against the total

% R ME MAE  RMSE % R ME MAE  RMSE
Ay 24.14  80% 0.95 0 0.69 0.9 20% 0.60 -0.54 1.57 1.8
70% 0.95 0.01 0.66 0.86 30% 0.47 -0.76 1.8 2.24
60% 0.95 0.03 0.69 0.85 40% 0.39 0.38 1.78 2.07
50% 0.95 0.02 0.73 0.95 50% 0.41 -0.27 1.64 2
Awwws 3011 30% 0.95 0 0.68 0.87 20% 0.67 -0.95 1.46 1.94
70% 0.94 -0.01 0.66 0.88 30% 0.29 1.03 2.08 2.44
60% 0.95 -0.02 0.65 0.83 40% 0.40 0.13 1.84 2.31
50% 0.94 -0.02 0.71 0.93 50% 0.45 0.08 1.76 2.11
Avonis 1596  80% 0.94 -0.01 0.76 0.98 20% 0.60 -0.12 1.53 1.8
70% 0.93 -0.01 0.81 1 30% 0.58 -0.76 1.62 2.2
60% 0.95 0.02 0.73 0.9 40% 0.41 -0.57 1.74 2.17
50% 0.94 -0.02 0.78 1 50% 0.25 -0.01 1.74 2.12
Byy 44 80% 0.96 0.01 0.58 0.8 20% 0.65 -0.04 1.57 1.97
70% 0.95 0.01 0.66 0.88 30% 0.70 0.34 1.42 1.86
60% 0.96 0.01 0.65 0.88 40% 0.71 -0.08 1.31 1.74
50% 0.96 0.01 0.58 0.76 50% 0.60 0.23 1.43 2
By 38.65 80% 0.96 0.02 0.63 0.86 20% 0.67 0.04 1.47 1.78
70% 0.96 0.004  0.68 0.9 30% 0.52 -0.08 1.38 1.75
60% 0.96 0.01 0.65 0.86 40% 0.61 0.14 1.56 1.97
50% 0.96 0 0.67 0.86 50% 0.59 0.23 1.45 1.94
Byons  40.06  80% 0.95 0.01 0.68 0.9 20% 0.72 0.16 1.27 1.58
70% 0.96 0.02 0.6 0.82 30% 0.69 -0.02 1.56 1.98
60% 0.95 0.01 0.68 0.89 40% 0.69 0.43 1.51 1.89
50% 0.95 0.01 0.65 0.88 50% 0.64 -0.3 1.48 1.95

TE: VE, AARXFMEE R THREE; ME, F¥iR2E; MAE, 4XPFIR2E; RMSE, ¥ iiRE; R, BIREMAKRE

Note: VE, Varianceexplainability for prediction results; ME, mean error; MAE, mean absolute error; RMSE, root mean square

error; R, Pearson correlation coefficient
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MODISEHE A RF 527 i B 2 4 g IX 338G L
23 [A S SR A3 b (38.65% ~ 44% ) 4145 XL b M i
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mE (E3) .
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RFBHRY (0 F00 2o A v, 2 5 B0 R0 T 1Y) IR B

AR X - A LT 0 B EEA R AT Sk Ak
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M S f AR AR 22 S IRH 2 S R R, R
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U= (I ABEFS 5 048 P15 22 - J5 46 1 48 41
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RTINF JRU W e X RN B - e B XA A [R] B 45 A4 o F
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HHLR
SOM (g kg™)

W 4.62~5.00
5.00~6.00
6.00~7.00
7.00~8.00
8.00~9.00
9.00~10.00

10.00~11.00
I W 0 11.00~12.18

B3 B X e AL T oA B (AN E T A 1 s DXCRIC R Hu X )

Fig. 3 Soil organic matter distribution map of Yuyang ( River valley plains and no data areas excluded )
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Table 6 Sequence of variables used in the RF model for predicting soil organic matter in relative importance

WX Study area Ay A ywirs Avonrs B Bawirs Byonis
M BT E RSR (22.69) RVI(23.04) NDVI(22.40) DEM (30.17) DEM (28.22) DEM (30.19)
Sequence of relative DEM (18.15) NDVI (21.71) DEM (22.32) y (27.38) y (22.41) y (25.04)
importance RD (11.82) DEM (16.29) RD (14.45) x (24.94) x (22.16) x (23.10)
RD (10.60) RSR (24.60) NDVI (13.40) NDVI (22.34)
y (6.47) RD (10.47) TVI (13.02)  RSR (13.38)
Slope (5.33) RD (9.34) RD (10.29)
RSR (8.74)  Slope (4.29)

Slope (-0.26)
He HSPRBE A REN T TR ZEMHF(E Note: The value in parentheses stands for relative importance of factors

R AR, K> IR AL A USRI B R o D DA R 1 E VD

B Bz myE E (&l4) .
TEWIPRERLDC . (1) A E s i, 2R
A T, s HIEA L e ZRHE,
AP &SRR IEMCCR . HPRSR (TM
AR ) EHEANEKTT.5 ¢ kg B MW,
NDVIFIRVI ( AWIFSEHE ) 7EA PR KT 8.5 g kg™
WHAA 0, NDVI (MODISHEE ) 4 WL KT
8 g kg 'MIA M, (2) i (DEM) 25 +1E

A, U R TR AR T 0w sh AR, A
WL &K, fERFE N1 200 ~ 1 260mA HLF S 1L
B, 1220 mAEA RS Ees . (3) /KR ML IR
B (RD) B =WEMNEMNE., EEHIX,
KB 4 53 A5 52 W AR B 09 43 A, AR A3 B, T AR
BN, X A HIL A R MRS B R 2K F 500 m.
(4) W E (y) X5 LT A5 &/,
Hpma a5 m R R — 280, AUE HIEA LY
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Fig.4 Ranges of the effects of various variables on soil organic matterprediction
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Prediction of Soil Organic Matter Based on Multi-resolution Remote
Sensing Data and Random Forest Algorithm

WANG Yinyin' QI Yanbing" ** CHEN Yang' XIE Fei'
(1 College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China )

(2 Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling, Shaanxi
712100, China)

Abstract Soil organic matter is closely related with soil fertility, so the knowledge about spatial
distribution of soil organic matter is conducive to rationalization of fertilization management and improvement
of land use potential. As carbon source, soil organic carbon is an important factor affecting regional carbon
budgeting. Remote sensing data has widely been used in digital soil mapping, which may improve accuracy
of the prediction of soil properties to a certain extent. With the aeolian sandy fluvial land and loess hills
in Yuyang District cited as subject, this study tried to predict soil organic content and distribution in the
topsoil layer of the region of a varying resolution (30 m, 56 m and 250 m ) , using random forest ( RF)
algorithm and relevant thematic mapper (TM ) , advanced wide field sensor ( AWIFS ) , moderate resolution
imaging spectroradiometer ( MODIS ) and advanced spaceborne thermal emission and reflection radiometer
global digital elevation model ( ASTER GDEM ) data, separately, and in addition, other various factors
affecting distribution of soil organic matter, and to validate the predictions with soil samples collected from
324 sampling sites. Variables in the prediction were screened in the light of out-of-bag ( O0B ) errors the
RF algorithm may yield. The mean error ( ME ) , mean absolute error (MAE ) , root mean square error

( RMSE ) and Pearson correlation coefficient ( R ) were used to evaluate the differences between predicted
and observed values of soil organic matter relative to resolution. Entropies of the prediction, using the RF
model, of distribution of soil organic matter in regions different in topography were compared. Besides,
explanation of spatial variability of soil organic matter with the RF model was compared relative to resolution,
and at the same time, various environmental variables in the aeolian sandy fluvial land area and loess hilly
area were ranked in importance relative to resolution of the TM, AWIFS and MODIS data used, so as to
identify the most important environmental variables affecting distribution of soil organic matter; and based
on the partial dependence map of soil organic matter on the variables, specific range of the impacts of the
main variables were delineated. Results showed that: 1) in the aeolian sand fluvial land area, the prediction
using the RF model and the AWIFS data is the highest in accuracy, with OOB error being 3.52 and correlation
coefficient between predicted and measured values reaching 0.67, regardless of percentage of the samples
taken for validation, while in the loess hilly area, the prediction based on the TM data is the highest, with
OOB error being is 3.31 and correlation coefficient reaching 0.71. The prediction is better in the loess hilly
area than in the aeolian sand fluvial land area, with MAE being in the range of 1.27 ~ 1.57 g kg™ in the former
and in the range of 1.46 ~2.08 g kg™ in the latter. 2 ) In the aeolian sand fluvial land area, vegetation is the
most important factor affecting distribution of soil organic matter, and mostly in positive relationship with
soil organic matter. Among the TM data, reduced simple ratio ( RSR ) is the highest in effect on soil organic
matter, or > 7.5 g kg™', among the AWIFS data, normalized difference vegetation green index ( NDVI)
and ratio vegetation index (RVI) are, or > 8.5 g kg™', and among the MODIS data, NDVIisor > 8 g kg™
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Elevation is the second one and its impact varies the most sharply when it ranges between 1 200 and 1 260 m
and peaks at 1 220 m. Distance from water source is the third one. As water sources in the aeolian sandy fluvial
land area are quite scattered and small in area, their impacts on soil organic matter seldom exceed 500 m.
3) In the loess hilly area, elevation is the most important factor affecting soil organic matter and negatively
related to soil organic matter. Geographic location is the second one, soil organic matter declines in content
from southwest to northeast in the area. Vegetation is the third one, in positive relationship with soil organic
matter, but in all the three types of datasets, the impacts of vegetation indices on soil organic matter never
g0 beyond 8 g kg™'. So, it is quite obvious that in areas relatively simple in topography, it is advisable to use
data relatively low in resolution instead of data high in resolution in predicting soil organic matter and the RF
model is more effective in predicting in areas complex in topography.

Key words Multi-resolution remote sensing data; Random forest; Soil organic matter

(RIEHRE: HRAT)
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