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Abstract: [ Objective ] As an important indicator of soil quality, black soil layer thickness plays an irreplaceable role in
sustainable soil development, food security and ecological functions. However, analyses based on soil profile survey data are
often based on small sample sizes and small regional scales, and most of them are based on point data statistics only. However,
the studies lacked spatial variability prediction analyses, hence, there is an urgent need for rapid surveys of the thickness of the
black soil layer and high-performance spatial prediction methods. [ Method ] In this paper, a series of sample data of black soil
thickness at 357 sample points in Heilongjiang Province were obtained by the rapid acquisition method of “shallow excavation +
deep soil drilling” for black soil thickness at multiple burrows in newly constructed sample points. The spatial variability of black
soil thickness and its uncertainty were predicted through the optimisation of parameters of the Random Forest Prediction Model
(RPFPM). The impacts of the different burrow observations and their mean samples on the optimization of the model’s prediction
accuracy and stability were analyzed, and the spatial prediction potentials of the model were evaluated. [ Result ] The predicted
average thickness of the black soil layer in the arable land in the study area was 53.42 cm, and the new method of rapid
acquisition and prediction of black soil layer thickness was effective and can be used as an alternative to the profiling method.
The spatial variation explanatory power R” of the optimized random forest model for predicting black soil thickness reached 60%,
which could finely depict the spatial differentiation of black soil thickness. Also, the randomness of a single observation burrow at
a sample point could change the importance value of the covariates predicted by the model, and affect the spatial prediction of the
distribution of the black soil thickness. Compared with the spatial prediction on the mean value of several observations, the
spatial prediction on a single observation had lower accuracy for uncertainty assessment of the spatial distribution and
significantly reduced prediction performance. Interestingly, the cross-validation metrics and scatterplot analyses indicated that the
optimized Random Forest model had a stable spatial prediction potential of the black soil thickness. [ Conclusion ] This study
provides a new perspective and new ways for high-precision and rapid investigation and prediction of black soil layer thickness.

Key words: Black soil layer thickness; Multi-site survey; Random forest model; Uncertainty
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Table 1 Environmental covariates for predicting black soil layer thickness

7 Style 8 #% Norm #i8 Descriptions
B i KA JZAE B 48 50 Atmospherically Resistant Vegetation Index, (B4— (2xB3) +B1) / ( B4+ (2
BT ARVI
xB3) +Bl)
BAI AP 1 FRIE %X Burn area index, 1/[ (0.1-B3 )*+ ( 0.06-B4 )]
Remote sensing
CMR Zh 85" R Clay minerals ratio, B5/B7
factors
FMR HRH ) 5 [t %R Ferrous minerals ratio, B5/B4
GCI 2R A0 4 ZAH TS 45 Green chlorophyll vegetation index, B4/B2-1
GDVI LR 6,22 AW IR EX Green difference vegetation index, B4-B2
ABRIFEE W55 %L Global environmental monitoring index, eta( 1-0.25¢eta )—( B4-0.125)/( 1-B4 ),
GEMI
eta= (2x[ (B5 Y~ (B4 ']+1.5x B5+0.5x B4) / ( B5+B4+0.5)
GNDVI et )d—1b 2% R B 5 FR Green normalized difference vegetation index, (B4-B2) / ( B4+B2)
GRVI LRAL Z AP HEEL Green ratio vegetation index, B4/B2
IPVI LTAMEFEYE E 5 L8 2R Infrared percentage vegetation index, B4/ ( B4+B3)
MSR 16 I 187 81 H % Modified simple ratio, (B4/B3—1) /[ ( B4/B3 )**+1]
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A Style g5 Norm $#ii& Descriptions
NBR IH—fbJ% B % Normalized burn ratio, ( B4-B5) / ( B4+B5)
NDVI )5 — L AE B 45 %0 Normalized difference vegetation index, ( B4-B3) / ( B4+B3)
OSAVI Pk - HE R B A B 58X Optimized soil adjusted vegetation index, (B4-B3) / ( B4+B3+0.16)
RDVI V9 —14k 25 F M 935 50 Renormalized difference vegetation index, ( B4-B3) / ( B4+B3 )’°
RECI 21 3 S R 95 8 Red-edged chlorophyll vegetation index, B4/B3-1
RGRI LT 4% L4550 Red green ratio index, B4/B3
SAVI - S A B H5 %X Soil Adjusted Vegetation Index, 1.5 (B4-B3) / ( B4+B3+0.5)
TDVI AR 2 RIS B Transformed difference vegetation index, 1.5[ ( B4-B3) / ( B4+B3+0.5)™’]
TVI FEALFE 388X Transform the vegetation index, sqrt ( NDVI+0.5)
B+ AH LA 5 Analytical Hillshading
Topographic ASP B 1) Aspect
factors CS A3 Catchment Slope
CNBL EIE W 45 LAl /2 Channel Network Base Level
CND i 18 X 45 15 25 Channel Network Distance
CI RATEE Convergence Index
CON ™ TE P Convexity
ccC [t #432% Curvature Classification
DAH H 45 ] 5% i #% Diurnal Anisotropic Heating
DC T35l % Downslope Curvature
EAFH BRI Effective Air Flow Heights
FPL F Bl 421K E Flow Path Length
FW MBI TESE Flow Width
GEO JiJE 4 Geomorphons
HEI {51 % Height [Mean of Upslope Area]
LF H1J¥ Landform
LC JR iR Local Curvature
LDC JR 3 T 3 i % Local Downslope Curvature
LuUC JR 6 1 3% % Local Upslope Curvature
LSF LS % LS-Factor
MBI JF - #135 4X Mass Balance Index
MSP {7 B Mid-Slope Position
MCA B IE4EIKIX Modified Catchment Area
MF JE 25457 1F Morphometric Features
MRR L5 PRI DERF 155 50 MRRTF
MRV L PR ICT- 354 FMRVBF
NH JH—1k = & Normalized Height
PLC ST il % Plan Curvature
PRC i T ] % Profile Curvature
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A Style g5 Norm iR Descriptions
PI F-3135 %L Protection Index
RSP AR B2 43 B Relative Slope Position
SVF K5t Z B Sky View Factor
SLH W Slope Height
SLL Y& B K BE Slope Length
SLO W Slope
ELE 72 Elevation
STH FrifEfL = Standardized Height
SPI B8l )18 %L Stream Power Index
SA FTH XI5, Surface Area
TRI oI UEF X5 X Terrain Ruggedness Index ( TRI)
TPI WAV B F5 %X Topographic Position Index
TWI HiJE I 75 %X Topographic Wetness Index
ucC 3%l % Upslope Curvature
VD IR Valley Depth
VRM K I I [ 1 Vector Terrain Ruggedness ( VRM )
VDCN Y8 W 45 3 H M5 B Vertical Distance to Channel Network
VS Kz LI Visible Sky
WE K77 Wind Exposition
WSI it JRUFE 0 Wind Shelter Index
A F TEM AEHIRE Mean annual temperature
Climatic factors PRE A% Mean annual precipitation
TR T SOIL 13257 Soil type
Soil factors TUT T+ i Soil texture
NHAHF LAND MR FHZE Type of land use
Human factors PLY FhAEAFEFR Planting of years

1.5 BEHLAR AT R R

AL AR MAE A ( Random Forest Algorithm, RF)
S P T R mIR P HLES 2 ik, 2L
K5 EIAREA R4S R Boruta FFAEFE bRk £,
W5 75 /78 5 RRAIE B R HLAS B R AE SR
Wi, O 55 a0 F R AR 6 B 2 B ) AR R I
Y5 RF B8, AR R B2, EIGY
TR IR A X A A B R B, Y R AR AR R AR
L 2 A X0 EE AR KT 3 A e KB U A it Ry
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XF FEALAR AR RLHEA TN RIS, AR 2/3 FEA
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KN smtry & 19 5T U AR 55 ntree
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Table 2 Descriptive statistics of black soil layer thickness at soil sample sites (n=357)
/M L RKME THIE bEZ BRAK BT
ERER i g U g
Minimum Maximum Average  Standard Variation Confidence
Median Skewness Kurtosis
value values value deviation  coefficient/% level/ (95% )
0 49.33 100 55.56 30.95 55.71% 0.23 —1.45 3.22
Sample point average/cm
X A
0 50 100 55.52 31.41 56.58% 0.24 —1.45 3.27
Observation point A/cm
7 B
0 50 100 55.29 31.33 56.67% 0.23 —1.46 3.26
Observation point B/cm
i C
0 50 100 55.86 31.12 55.70% 0.21 —1.45 3.24

Observation point C/cm

A F 10%~100%Z [0, J&THEERME; mEHK
T 0, UELEIEURERIERA, BdE oA RIARE e
Ml WERERH/NT 0, ULBHEE BB . HAb,
BESI AL AL B CFE 95% A5 B T AR 22
B T HARSCE S R ERE . R AT,
A 2R 2 R R 45 SR R 68.06 cm, Y
A 58 ) R B A 45 R AR 34.40 em (3R 3),

*3 FELEXALENRE

AR JE A ARAT B AR R R R RE N T
Zhang S5V TE/ NGB S b VR4 1) 7140 2 A 2R

(80 cm), fHf T “ 3% JEZAFHERE (40 cm ) 1,

JEPTETOFE X LA B R 2 R B T i A e 22 57
AW TR FRZ D INMESIER LR, %7
i AR #E LR A A RAR LR, FiE
EBEEINAL Z 4z Fkart 2,

T REEREIRELRFEITHHE

Table 3  Statistical characteristics of the results of a rapid survey of black soil layer thickness in soil samples of major soil types

I A 4 H¥EL WAt Bt BA kFEL HEL PRI NS

e
Dark brown Virgin Meadow Black calcium Dark Paddy Marshy Brown coniferous
Soil types
soil soil soil soil soil soil soil forest soils

T

39.52¢ 34.4c 63.43ab 41.58bc 68.06a  66.42ab  56.72abc 47.33*

Average thickness/cm
83 20 81 28 112 8 24 1

Number of sample points

e ANFE/NG FRARER R R ) B B2 22 5 (P<0.05); * FR@AF AR+ RS, ARBEfT 2255091, F IRl Note:

Different letters indicate significant differences among these soil types at P<0.05; * the soil of brown coniferous forest is a single sample,

and its difference analysis is not carried out. The same as below.

I 7AL A B LC HYMIR 2 5 (s) 5350k 4.94
4.02, 4.74 cm, J3lERE RO 8.91% . 7.24%
8.53%; HrfoUfi A BRI K, BERED
538

22 A PR 2 R B R B 8 1k 5 ) T 7 AR
B2 R RN — B (9=0.951 7x+ 3.1252), W
BRI R IR BRI EME RIS 0974 4, thEREL RPN

0.949 4, VEWIZIT KGR E R, BoA alATHE, Wl
LA ) o 5 BT
2.2 BENHZMHERSHANSRE

AT SEAE R WL AE, >R ] boruta 75 3%
PRy 15 AN T M 2 B B 0 (9 PR3 IR 1 P A
i, T RENLARAR Y T A2 L2 PR DN, 8K
Z I B P S TR TR AE S Y Hoh, Gk IA
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T 54 wERTF 74 REEF 2 A BIERT
LA OB F ARk, 2 #3247
M4 BESE | Ef EMEK S 4 R R
(EL1), TR HIZEAE B C S T 2R T il R
A, S AL AL B, C A BI3RELT 17, 15, 13
B F AR

PLOCAL BB AR e sSOIAE , 485858l RMSE
T 25.25~27.96 cm Z[A], FHEH 26.71 cm;
MAE 4 F 21.28~2436 cm Z A, F¥{E N
23.09 cm. 22 4MEHE RMSE Fl MAE B9 Y{8E &5 15
XA 2R E Y 48.11%F1 41.59%; Zhang
AN BEHLAR AR Y 1.39 km® AL/ R +
SRR, ASAMEHE RMSE [ 380 08 - )2 7 2 JE
46.85%, Y55 I BEALARAR T I R B0 Al 4 R A 1
PR, WAL AL B, C 484N RMSE F3
5 535% 26.87 cm. 27.37 cm, 26.92 cm, MAE %
5350 23.19 cm, 23.72 cm, 23.10 cm.,

PLIAS SAEAE AR SO {E, R FH B B HLAR AR
BB ZHUE (mtry = 15 Fl nodesize = 4 ) 52N
HARIZHL (mtry = 2 Fl nodesize = 5) L, HALHE
RIBHUEWG R RIPERE R, RMSE. MAE 43542 1
5.22%. 4.60%. 5.42%, FWARIHEBBIRTSEORM,
REAZ T2 = I RLSE R () MM RE . ZERAREE AL, 10
f5 38 SURAIE R* A 0.60, B X 2 + 22 5L 1 255 i) AR 1k it
B 1K F] 60%, WEE T Liu ZEPIXEHHE X 14
T35 J5 oK R BE BB S (R?=0.59 ). IE4h,
S 7CAL AL B C FEHLAR MR R AR 8 S 501 53 50
A (mtry = 17 fil nodesize = 3). B (mtry = 13 fll
nodesize =4 ), C (mtry = 13 Fll nodesize =3 ),

23 BIRBEZES>®REAHEN

R, R, A%t BmEt | fEEs ARt
FE 2 R T B O B B (W e, B A R
Ao KFE A TEEE P A T R S (R AT
HEEREFAK (£4), AFEEHERMT, BEH
BRI E R S, AR R )RR
P TIE AL, 5 SEPRLIN 25 S A — 0k

fkz— P kbR A T, HREZ
JERE <30 cm & CHHZEE L, /T 30~60 cm Z
] i 2Bt >60 cm AJEE B+ BFFEIX LU
Pyff 2 () o i 2 )RR EEE R 51.73 em,
HEHF- 2 5 4 2R Hy 53.42 em, S3Aik% RS Hib
MBI & (] 3a), FJEM X R+ 2R R
L R BRI, JR)E R F T
OV A =R, PR R E R LW | /N
MW D KA L, )2 R A A TR N RIS AR
FEERHL X DL S AR EE L M Pa &R b X (& 3d ). BT
AbF 2R N S B O AR R TR, RHBARIR, Bt
WA, BREBEERRE. o, M
T AR BAR, I BRI AR R VR, R
J2 VB JRE A R X A e

M A 2R RE A Y SR AR 2R, L TR A 1
A+ 2R AR (F 3b); ML E) s,
g LR R E AR (# 3¢ ).

M JR R S (A 0 A A E SR Ue A
R 213, AR TAHE R Eoh A 5 4, KU
AN SA (L TR0 () AN i MR ORISR (B 3e )
1 AN E AR B R B A AR PU AL R0 | dEE /D

x4 FTETEXVHESBRITREETE NG RFITHFIE
Table 4  Statistical characteristics of the results of spatial prediction of black soil layer thickness at sample sites of major soil types
- . » ) B o FRERI LN
Tl I s S 4 Hifa + B+ A+t KA+ WL
Brown coniferous
Soil types Dark brown soil Virgin soil Meadow soil Black calcium soil Dark soil Paddy soil Marshy soil
forest soils
TR
45.15¢cd 36.27d 60.05abc 50.55bcd 67.12a 64.17ab 55.03abc 57.42%
Average thickness/cm
FE AR
83 20 81 28 112 8 24 1

Number of sample points

T AR/NG RS ] L e i) B B35 P25 57 ( P<0.05 ); * AT bk L o4 BANRE R, AR HEAT 25 52047 . Note: Different

lowercase letters represent significant differences between soil types ( P<0.05); * Brown coniferous forest soils are single sample points and

were not analysed for differences.
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a)

B4R

Black soil layer thickness/cm

d
) AR

Black soil layer thickness
B %52 Thin layer
[ 2 Middle layer
I 5= Thick layer

AN E MR R
Uncertainty index

P 3 B )2 R T B A s ] 3 A

Fig. 3 Spatial distribution of black soil layer thickness prediction and uncertainty

LW A SRR s, — T i el L R R R
B, as sy, BUMER2ZEARX LR ST
T T Lo AR PR 2%, RERCECE R D (RN
TENVESR RO A AE =V O I AR AE TR
DLSROTT X, 30k 26 DX 35T i mT ik v g, Bkt
AGERIE S, FERHAEER . SiaRRE
JEAHEVEZSBME R, )25 B2 8] 0 A i
h i

3 3w

3.1 HRRAMAGNIMEHEEEEER N
A AR SOULINEL, 385 boruta RAEHEIUS %3k

B 15 IR G, AN [R] PR 4 A xR R R
i EEAT B 25 5 (1 4a), WETF /X7 AL B,
C WM 43 AR E 17, 15, 13 DI & (& 4b~
Kl 4d), HrhdkFpHEZEA 134, HEEBE
TR K A=A Ak

DL SEAE R S, R 2 R
EHIP A GNDI, PRE. MRV, BAI, CND,
MCA . SOIL., H:ff, GNDI, BAI {03z T,
A3 R T R VT AR R B . B AR AR b Y
AARDL, BAT BAGEHE A RAS AR e B S Wil
VEIZEA . A TS, SR A L X Sl 2R - )2
R RBRBEIX A M R 1 )2 R B A5, Zhao %5157
WFFEARGFIRIE T BAL 4518 B8 BUE B + 2R %
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a) £ 5 F-34 Sample point average

b) 713 Observation point A

TPI n 1 n 1 n 1 n 1 1 1

0 20 40 60 80 100

HHE%: Importance
¢) 7X{3 Observation point B

GDVI
BAI
SOIL

TDVI
PRE
MCA
TPI
CND
TEM
RSP
SAVI
CMR
DAH
MRV

0 20 40 60 80 100

H % Importance

K4 FREEPVERREIEERES . (a) FERRED;

Fig. 4

(b) WAL A;

Importance ranking of environmental covariates: (a) sample point average; (b ) observation point A; (¢ ) observation point B;

n 1 n 1 I 1 n 1 n 1
0 20 40 60 80 100
% Importance

d) 743 Observation point C

GDVI

PRE
BAI
RSP
CND
CMR
SAVI
TPI
MRV

TDVI

TEM
SOIL
DAH

1 1 1 1 ]
0 20 40 60 80 100
H % Importance

(c) MBIALB;  (d) WP C

(d) observation point C

A, PRE ARERAME T, g 78 Ll
KIS, OGS +HERE AL, s il 5 il
PR A S HL A S R RS,
E— e+ 2R . SOIL AR LEHN T, X
e+ eSS JE v K H SSRGS R R R
B, BAEMBLEZHE. BN R LR
w4 MRV, CND. MCA RFEHIEHE T, EEik
AR AR AR KA R S A B
KA. BEFAE AR IR AL AR, R MR B 07
TR, IR AR LRI R 3R Tk 0,
HERA A WIE T SEE T R
B ZEEE R EEMEE S 37.37% . 38.52%.
17.97%. 6.14%, £5 K+ 54748 i 5 2k 4 {8 55
Wk 7.47%. 5.50%. 8.99%. 6.14%, ML T
HRAR AN TR R L 2R R T
(&l 4a ). A PR AE AN RO /A 19 25 i) A8 S
Xof AR B LR (E A = A T B B (& 4b~ &l 4d),

SN A IR T BT SR BER
T B R 5 2.12% . 8.14%. 7.13%.
1.11%; 75X B 4 R F2 L@ 53000 13.67%.
11.19%. 8.94%. 6.46%; 7N C #5281kt 435l
K O12.45%. 7.7%. 0.92%. 5.67%. Hd, 75U B
A AR e (A AR i, 33X 5 I A B L
A G
3.2 HAERMRAIXE T RS EE E SR

A

FETREE AR AL AL B, C WLIE 5 X {4 15
Wi 8 A 2R ZS (] 40 A (1Bl Sa~& Sc; 1B 3a) B
AW 25, R T I8 AR s 50 CAOULI iy B AL
P, SRS P A 2R 2 ] 43 A T

PLIR A RE A5 22 ORI T iy R )23 5 B 23 ()
o3 (B 3a) FERXTRREIE, 43 Bk s A TR0 5 ¢
{7 A B C XF2s 8] 437 W0 4 520 o X BE 45 5L
SR AL A T B X R RO Y R R T
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0.64 cm, TEFA BT Ji 0 JR DA K = VT F Ji 38 hn 5
B, TERMZN | /NS DL IR g L b ™
F TR R T R O X B ARG (& Sa, [
5d ). XA B F (K Sb, [l Se), BE)EF
PIEEREAL T 0.95 cm, FEFAMCOTBRIUJE | /N 2%208
P AL, CERMBOT TR L RS0 7R B L b D)

PR ARAL o B0 /A7 C BT 5 X - 24 JR
i (K 5c) & T 0.14 cm, TEMBCER ., K%%
WA /N e I Bl B 2 e Al TERNIBCT RO RS . =L
IR 7R i Lk AR (& 5E),

S, FESORTR] A I A T 0 2R 4 )R R
FETE2E R, B2 R m A B B B LM

100
a) S AR+ JRIRHE b) 7B+ JRIRHE ¢) JCR LR 90
Thickness of black soil Thickness of black soil Thickness of black soil
layer at point A/cm layer at point B/cm layer at point C/cm 30
- 70
- 60
- 50
3 " 40
>, 34 x ‘“!i;"
L - 30
: 20
0 230 km i 0 230 km 0 230 km : 10
1 | 1 o
™ ™ . 15
d) SN A GRS 2EE €) JXNIBE LRI ) FRLCHRE A P24
Average difference between verage difference between verage difference between
int A and sample point/cm int B and sample point/cm int C and sample point/cm 10
5
-0
-5
-10
15

S T2 LI 7 A ] A A Y 8 2 T8 2 [ T o A1 25 5

Fig. 5 Differences in the spatially predicted distribution of black soil layer thickness based on each observation site and the survey sample sites

3.3 HAMMNRAXE L REE T ERNAHE

Qed=0p-A1)

X ECAT BT RE sSAS [ 747 AL B C SIE 5
S YA A S 43 HT %) P A J2R TR 2 ) 3 A AN o M AR
B O(E 6a~F 6¢c; B 3e) ZIAIM2ER, FUTEEN T
AN LI A, 25 5 i 28 B AN e M . DA AR AR A
22 AN B TN (1 P )2 T s E) N S PR 4R Uy
i CF 3e) FEXd BEURIEL, i A T Y X S 4
J2 VR B AN MR B B EREAR T 0.18 (1A 6d ),
EIA LA A T (1% 2 4 22 PR 245 18] 43 A AR LT
fEREVEIG N, EBARIUAE RS LW RN DL 08 6 A
FE SR AR B DX, 17 R A A % 1 A RO SR

B PR A N A R A B PR AL, FIRE, g
TN B HAF I X 2 4 2 R B AN o T 48 KT
B (K 6b) TRET 022 (Kl 6e), FEME T HAAFR
AR A B A R REE, BT RS0 /)
PLAZ U DL K AR A L A P A 2R JRL B 2 ) 43 A i R
Yo XFA C i (K 6c, K 6f), BAZRE
AEPERRECFHE TR T 0.16, SR E MR
TR, L AT TR SR AN e B
S ELAT B B R

B, BERORIRD A A A T ) A A R R
AN PR B M AE AR 25 5, ANBA E PR I A B
HA B REBEHLE .
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8
) 7 AR AE AR b) FURBAHEHEA A o) SR CAHIE FHE

Point A uncertainty Index

. Point B uncertainty Index

Point C uncertainty Index 7

d) A AS R
_ Difference between point A
and sample point average

e) 7B SR P2 MH
Difference between point B
and sample point average

) 7 CHRE T2 ME
- Difference between point C
and sample point average

0
||

P 6 ET 2 LN 5L 55 8] A A R ) PR )22 TR s ) AN A A 2
Fig. 6 Difference in the distribution of spatial uncertainty indices of the thickness of the black soil layer based on each observation point and the
survey sample sites

NS [ TR0 AS Bff 22 PR TTAL A HERR KB, Y
U AL AE T X FR] A o B R BRI 1 1 2R, BT
WX ] o 5 F0 5 L PICP {BAH >, 360 B8 4 J2 JE
25 () JH0I AN 2 P ) TR P KOl v . T A
S LA A I X 8] o AT 0~0.5 Z (], B&fK
fRTF 10 12k, BEBHZS (BN 8 P 08 v M KT B A1
A, BRI DX () 58 B AR EL T P00 (EL MG 2 5 7F Fm) X
B o /-F 0.5~1 Z[EAXMEE 101 4, “SEAH
TEPERHERR PR K3 i o /XL A FE TN X ] o A T
0~1 ZJalEg 111 &M, \I‘Eﬂﬂﬁ%ﬁ!ﬁ%%ﬁ?ﬁ
55, HESR KT AN . W B B 1
LI, %%Haﬁmﬁmﬁ%@%ém¥mﬁ,
RIFR0I X181 5 B R A8, AN MR ) AR Al . XL
C 7ETMIX 6] o A F 0~1 ZJALEARIAR T 11 1 4k, =8
[ AN 2 A 118 R 2 7Pt AR

PSR Koy R i  PUN RSy [ RTRIURN
i A T PR PR RSP AR R B e, T 5 B o L

BRI (1425 [R)AS B S 1 ) o e M K B4 (A,
WERIN L CHRT I A, #E—BET 7 B
34 HEMURANEBLTEEEZTETRNEERN

220

WX AT T, T2, T3 = a8 B UEJr ik
4 FREAEIE 45 N I BEATL AR MR ZS (8] SI0I0RG B 22 5,
FEHIRE 1220 AN ORI A A B A7 ORI F A5 751 T )
FREw (3 5), MZSTRITom A B e T #5270
LI B4y 0 B o WNAE T1 28 UK UE vk T, W0 7z
A. B. C ML TH AV RMSE {H7r 425 T
30.11%. 32.19%. 30.80%, MAE {EJF& W&, R?
MR, MRBRAR TSR TG . [MRE, 78
T2. T3 & XEUE vk F I M MEE R B, £
ﬁ&%ﬁﬁé#ﬂﬁmﬁﬁ& REE A AR B A

TRAR L, A5 280 5 A 11 R R B A 18] A
%ﬂ&%Lﬁﬁﬁﬂﬁmﬁﬁ% AEAR AR Bl

U Rl P B 4 )2 TR R A K S, T B N T e
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Table 5 Three cross-validation methods to obtain four-sample random forest model accuracy values

LAl 9iRrS

Sample point average

AL A

Observation point A

7z B 7z C

Observation point B Observation point C

Validation methods

R’ RMSE  MAE R’ RMSE  MAE R’ RMSE  MAE R? RMSE MAE
Tl/cm 0.60  21.59 1928 024  28.09 2463 0.8 2854 2398 0.16 2824 23.27
T2/cm 0.61  21.58 1931 023 2820 2470 0.18 28.61 2394 0.16 2821 23.26
T3/cm 0.59  21.57 1933 025  27.94 2448 0.8 2854  24.04 0.17  28.07 23.09

2 WA R A B SR SE PR, A BEARR I
HEPRIKF o TR A AR A A PRI 2 5 B TR A% B F
YA, M5 I A O %) S AR S R S PRAFAE B R
PRLL, AEASBYTNRS BE -, 227 bR e £ 3R IBURE
A P TIOR8 5 i
3.5 ETHNHFREENELEEE= BN #E
REFRE
BT R BHE RS AEA [F) 2 AT v T Y
BRI SR B E 2 B0 (3R 5), ULWTRLEIAR XA
SE, BB H ARy 1 25 (B BN T AE . L RMSE

B, FERSFEEI M 10 P38 LEHIE (T1) BB —38 L5
WE (T2) F8 5 4% 10 Prag LHE (T3), HEMN
21.59 cm % 21.58 cm %] 21.57 cm, AR E . [F
B, WM A AL B C 7EARIEIZE URHIE Jr ik T
RS B LA Bhr R e, WIEE T1, T2, T3 —=Fh&C
SRS UE 7 EAE 4 FRREATR (14 TR0 (B 5 S {E 2 8] 1
o (B 7), SRS B, F—HAT
AN TR) 38 SR J7 35 1) st PR A Ry the KRB F— 3K
1 IRRRAIE 34 2 B BE AT AR MR 7Y L A8 R 114 23 () T

vk &b
{El HB o

100 100 100
5 1 e 5 7o
8 80 8 80 £ 801
< [ <
> > >
g 60 E 60 E 60 A
2 L2 2
B 40 T 40 B 401
& & £
Z 20 20 Z 20,
0 20 40 60 80 100 0 20 60 80 100 0 20 40 60 80 100
SZM{E Measured value/cm SZM{E Measured value/cm S {E Measured value/cm
100 100 100
5 o 5 o 5 7 n
8 80 £ 80 £ 80/
< [ [
> > >
S 60 = 60 2 60
T 40 T 40 T 404
= & A~
Z 20 Z 20 Z 204
LSS : : : E o : : E o : :
0 20 40 60 80 100 0 20 60 80 100 0 20 40 60 80 100
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100 100 100
5 7y 5 7 m 5]
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< < <
> > >
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= & A~
Z 20 Z 20 Z 204
B oo =) B oo
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100 100 100

5 ) 5 Tl k5 i)

2 80 2 80 2 807

« [ [

g g g

2 60 3 60 B 601

2 40 T 40 T 40

& & &
Z 20 Z 20 Z

= : : : : B o : : : : B : : : :

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
SEM{E Measured value/cm S2i{E Measured value/cm Sz Measured value/cm

e HTHACEPIME: (a) TI, (b) T2, (c) T3; BT AMMME: (d) T1, (e) T2, (f) T3; T B W
M. (g) T1, (h) T2, (i) T3; T/ CMME: (j) T1, (k) T2, (1) T3, Note: Based on sample mean observations
(a) T1, (b) T2, (c) T3; based on point A observations: (d) T1, (e) T2, (f) T3; based on point B observations: (g) T1, (h)
T2, (i) T3; based on point C observations: (j) T1, (k) T2, (1) T3.

I NI & Al 5 9N

Fig. 7 Cross-validation of scatterplots by three different methods
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