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Table 1 Parameters of the classification for topographic units

HIE AT AR B A T I RAifiiiE WepE 1) BIEMIEAETEE BB
Terrain unit type RPI Ky Kp Slope Aspect TPI' (SD) TWI
a6 0° ~135°
i (NEN) [0.3, 0.6] [-0.25, 0.03] [6°, 25°]  315°~360° 0.3~0.7 B
T (S/WS) - 135° ~ 315° 0.3~0.7 -
HIPN 0° ~ 135°
W (NEN) <0.1 [-0.008, 0.1] [-1°, 6°] 315° ~ 360 <03 N
WA (S/WS) - 135° ~315° <03 -
BEdE (S/WS) 0~ 135 - -

- - [25°, 65°]  315°~360
BEs (S/WS) - 135° ~315° - -
B [0.1, 0.2] <—0.008 - - <03 -
lITE<y >1 - >0.5 - - >1 -
WoH [0.6, 0.7] >0 - . _ 07~1 B
F-4h - - - - - 0.3~0.7 <29
EF‘]}TIJI% - - — — — > 1 —
TR - - - - - 0.3~0.7 >2.9
g - - - - - >29
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Table 2 Descriptive statistics analysis for soil organic matter at grid scales in 2008

R RE (%)

FERAEL B/ME (gkg!) fKRME (gkg') FIHME (gkg') AnifE2E (gkg') HEH (gkgt) ) 1355 Gl
Sample numbers Minimum Maximum Mean Standard deviation Medium CO\?E;:II: of Kurtosis Skewness
2708 5.38 24.58 12.08 2.46 11.82 20.36 4.83 0.82
2167 5.38 24.58 12.09 2.47 11.83 20.43 4.78 0.81
1724 5.38 24.58 12.10 2.44 11.87 20.17 4.60 0.73
1656 5.75 24.58 12.01 247 11.74 20.57 5.04 0.84
1379 5.38 24.58 12.08 245 11.82 20.28 4.83 0.79
1103 5.38 24.58 12.06 2.45 11.77 20.32 4.84 0.82
882 5.38 24.58 12.07 2.44 11.74 20.22 4.99 0.84
762 6.30 19.68 11.95 2.30 11.75 19.22 3.25 0.45
390 5.85 19.54 11.85 2.35 11.63 19.84 3.47 0.55
233 6.15 20.39 11.86 2.44 11.59 20.61 4.07 0.77

<3 2008 Fihfiz BT o XRNBEHEER M ST HHE

Table 3 Descriptive statistics analysis for soil organic matter at terrain unit in 2008

HIBHIT FERAE

i

EREBC(%) g

Terrain Sample Hi/l\ﬁ ‘(g ke Af gg k) M (gkg') Standard i (g.kgil ) Coefficient of mix. M
unit numbers Minimum Maximum Mean deviation Medium variation Kurtosis Skewness
BT 24 8.52 17.79 12.89 2.35 12.65 18.23 2.25 0.17
-1 1914 5.61 23.88 12.11 247 11.83 20.39 4.48 0.76
1 39 7.82 19.4 12.36 2.95 11.50 23.87 2.94 0.90
] 23 6.75 17.13 113 2.40 11.2 21.24 3.48 0.30
T 61 6.93 18.73 11.23 2.15 10.80 19.15 439 0.75
W (N/EN) 481 5.75 20.13 11.99 2.28 11.82 19.02 3.95 0.57
Wi (S/WS) 38 5.38 17.58 11.26 2.70 11.96 23.98 2.87 0.0007
4% (N/EN) 167 7.59 24.58 12.28 2.58 12.17 21.01 8.66 1.65
WA (SIWS) 19 7.82 14.9 11.53 1.86 11.42 16.13 291 0.02
By (N/EN) 9 8.76 15.71 11.75 2.09 11.59 17.79 3.32 0.67
B (S/WS) 3 8.61 10.78 9.84 1.12 10.15 11.38 15 -0.46
B 28 7.31 23.67 12.18 3.43 11.73 28.16 6.10 1.54
ESEbiNIA 2806 5.38 24.58 12.07 2.46 11.82 20.38 4.79 0.81
22 TEEMEERIA 222 MWK EZRERE S, HERRE.

221 REEWEEFRESA HIEREE R
A S RER AL R 4 R, R RREIVIMRIRCH G4
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XA R AR Sk AT A B AT TR
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e (Ae/ZRAem ) |« ST ISR AL ZE PRI
BESE (BE/PARIM ) | R ERIRAERL, H R {HAX
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Table 4 Variogram parameters model of soil organic matter in multiscale grids
RUEEARAD LY Pedet HEAEH A5 (km) FLRE (% ) . 5k
Scale code Model Nugget/ (Cy) Sill/ (C+C) Range Cy/ (Cy+C) RSS
Gl1 E 0.76 6.06 2130.00 12.54 0.40 0.84
G2 E 0.78 5.69 1890.00 13.72 0.30 0.82
G3 E 0.64 5.31 990.00 12.04 0.77 0.08
G4 E 0.67 5.21 1500.00 12.36 0.82 0.05
. E-$8%05% ( Exponential model ) , LA,
x5 SHEBTAENRETFREERSHE
Table 5 Parameters of semi- variogram model of soil organic matter at terrain units
P HIT FEEAY HegefH HEME ¢ (km ) FEIRA (%) ' e
Terrain unit Model Nugget/ ( Cy) Sill/ ( C+C) Range c,/ (C+C) K RSS
Wk (N/EN) E 0.72 5.31 1650.00 13.56 0.58 0.39
Bk (S/WS) E 1.26 7.20 1320.00 17.50 0.11 0.60
4 (N/EN) G 2.54 26.07 3521.99 9.74 0.84 0.81
B4 (S/WS) G 0.01 3.95 3602.67 0.26 0.22 0.36
BEYE (N/EN) L 0.64 3.65 1508.76 17.50 0.19 0.38
BESE (S/WS) S 0.96 3.68 3810.00 25.97 0.14 0.13
b L 2.80 12.80 3076.86 21.89 0.56 0.44
YR G 3.58 7.17 1195.15 49.93 0.44 0.21
1 E 6.74 13.49 3980.01 49.96 0.81 0.12
B4 G 3.06 6.47 4451.37 47.30 0.11 0.14
1R S 0.48 6.25 1380.00 7.69 0.82 0.09
T T E 3.65 9.07 3960.00 40.25 0.27 0.18
e L2 MEAEAY ( Linear model ) , E-#84U#% %! ( Exponential model ) , S-BRARAEH ( Spherical model ) G- %! ( Gaussian model ) , LA
T,
Fz o AERIMEEFEENR CCAHEMSH
Table 6 CCA correlation analysis between soil organic matter and topographic factors
HE AR B e R 8 4L]] BB IR BT R ARXFA B AL HIIE A B TR AL
Relief amplitude Dem Slope Aspect TWI ky RPI TPI
PearsonfH 0.439" 0.842™ —0.060 —0.119" 0.104 —0.038 0.023" 0.231"

e *HE0.054L0 (WUE ) , MR, **7E0.01405%] (XUE ) , KPR, RPI-Relative Position Index, LA T[Al,

FERFHE (BlS) o

He 7 Al YA SECH 233, 390 1F, OK fii
A HLTASAEIEE N 5.85~20.39 gkg!, H1 GWRK
R A HLTIE N 7.09 ~ 12.44 g kg !, ¥R MR
FERCRIT, AHLBUEEAR M i 5 OK HaA—F, MM
B hy 762, 1720 B, F OK HU A4 A AL AR fk v
Fil b 5.61 ~19.93 gkg™, B GWRK % i A L
ALIEF N 6.22 ~ 18.56 gkg o 1 RGN KAE T
5, YA RS 500 m I, MBS FE RS B0k
W RESR, MMUREE/NT 1 km B, SRttt
R REW Bk, BFIL, JooR BAg R RUE e KA I
1 km, DUATEFRFE AR 762,
232 ATHBRRKERBERITELLSERMEZT]
B X BRI R A B IEAR ST AR S
I 10 BT KN EEIE S ST, i
JeRN AR 7RI SRR B, BB /R
o, AR . AR LRI R AR I e, $5

DL EARER] i X AR R IX (0~23 m) |\ &
X (23~59m) . ERX (59~176 m) (&l 4-a
B ) o

MRS BN T 1724 RS, BIOrRIR2E R
T, LTI <0200 g kg, LA REGA
80.3% (& 8) , FUAH:LEFL AT HU AL A 53 X AN [F]
WL G F AU S B3 Aa o YER SRR R
1379 B, ¥riRiRzs i 2 A, R E
B, BHEURAERXEE R (1379, 1724) o HHERA
Bk 1656 B, A HLTTEAE T2 oA B A
SEMR TN HE R, B X B e T ot
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Fig.5 Grid of different scale systems and distribution of sampling points
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Table 7 Statistical analysis for the spatial distribution of soil organic matter at different scales

PR AU SEEER (gkg')  PUNMETERE (gkg!)  ZRZEENEH] (gkg!) KR (%) Z7E (%)

Grid scale Samples Observed value range Predicted value range Residual value range Inspection coefficient  Difference ratio
Gl 233 6.15~20.39 8.10 ~ 16.42 —2.04 ~4.41 1.74 0.81
G2 390 5.85~19.54 7.09 ~12.44 —2.45~2.63 1.82 4.47
G3 762 6.3 ~19.68 6.78 ~17.75 —2.46~3.19 0.99 6.50
G4 1720 5.61 ~19.93 6.22 ~18.56 —2.64~3.25 0.25 0.81

*8 mEMEGITRETTANREEMRERFSKRETN

Table 8 The significance test and representative evaluation of relief amplitude on the best statistical unit

FERAEUA SIA SR iR 2: & FEL BEM (LSDKE) K ZE (%) ZHRF (%)
Sample numbers Distribution Root mean of squared error Determination coefficient Sig Inspection coefficient Difference ratio
2708 ER 2.395 0.824 0.256 0.08 2.44
2167 IEA 2.402 0.812 0.281 0.17 0.41

1724 EZ 2.419 0.803 0.396 0.33 0.81

1656 EX 2.537 0.790 0.387 1.24 5.28

1379 ER 2.647 0.745 0.377 0.08 0.41

1103 IEA 2.658 0.733 0.299 0.08 0.41

882 IER 2.746 0.729 0.472 0.06 0.81
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Table 9 The representative evaluation of division samples at terrain unit in 2008

B2y AL ST FERAEL FHME (gkg!) bR ZSE (%) kiR (%)
Terrain unit Sample numbers Mean Standard deviation Difference ratio Inspection coefficient
B 24 12.89 2.35 4.47% =6.79%
Tk 1914 12.11 2.47 —0.41% -0.33%
1 39 12.36 2.95 -19.92% —2.40%
WA 23 11.3 2.40 2.44% 6.38%
- To 61 11.23 2.15 12.61% 6.96%
Y (N/EN) 481 11.99 2.28 7.32% 0.66%
Y (S/WS) 38 11.26 2.70 —9.76% 6.71%
A4 (N/EN) 167 12.28 2.58 —4.88% -1.74%
A4 (S/WS) 19 11.53 1.86 24.39% 4.47%
s (N/EN) 9 11.75 2.09 15.04% 2.65%
gl (S/WS) 3 9.84 1.12 54.47% 18.48%
8753 28 12.18 3.43 -39.43% -0.91%
ES DA 2806 12.07 2.46 - -
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Fig.7 Spatial distribution of regression coefficient related to soil organic matter prediction (n=1656)
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Table 10 Result of validation of GWRK model at different sampling series

N=2806 N=2708 N=1914 N=1724 N=1656 N=1379 N=762 N=390 N=233 N=2806

MSE (gkg!) -0.0096 —0.0011 -0.0030 0.0014 —0.0001 -0.0015  —0.0031 0.0076 0.0070 0.0068
ASE (g/kg) 24715 2.4750 0.3123 2.4557 24711 2.5223 0.2953  0.4031 0.5704 2.8654
RMSE (g/kg) 2.3968 3.3950 -0.0030 2.4190 2.5120 2.6470 0.2904  0.4236 0.5658 3.9762
RMSSE ( g/kg) 0.9711 0.9682 1.0160 0.9809 0.9760 0.9705 0.9842  1.0500 0.9821 0.9921
ME (g/kg) -0.0096 -0.0026 —0.0006 0.0032 -0.0005 —-0.0038  —0.0009 _ 0.0006 0.0040 0.0056

TE: MSE-pREBINER2E, ASE-F-Ibnif2E, RMSE-HUrRHNIIR2:, RMSSE- 4 ARbRiER: , ME-F-2 Bl iR 22

11 FERAEEHE GWRK 225 OK LRI
Table 11 Comparison between validation of GWRK and OK models at different sampling series

N = 2806 N =2708 N=1724 N = 1656 N=1379 N =762 N =390 N=233

G-K OK G-K OK G-K OK G-K OK G-K OK G-K OK G-K OK G-K OK

AIC 245.6 13833 185.3 1125.6 1347 9233 1109 7683 948 5003 88.6 470.1 756 3979 589 298.39
R? 0.85 0.61 0.82 0.60 0.81 0.60 079 059 0.75 0.43  0.73 044 066 042 0.53 0.39

7. AIC- Akaike information criterion (% ) , G-K: GWRK (¥ EIATEEM ) , LLFFE.,

* 12 TEMFETABUR GWRK B1R5 OK 4R
Table 12 Comparison between validation of GWRK and OK models at different terrain units

L Hakey BEYSE e WA I o e ST
Back slope Channel Steep slope Footslope Slope shoulder ridge Dry ground Wet ground Flat peak

G-K OK G-K OK GK OK G-K OK G-K OK G-K OK G-K OK GK OK G-K OK

AIC 298.8 1140.2 150.34 780.37 241.8 350.2 421.6 503.5 400.6 490.8 99.34 5259 4113 491.6 364.8 11354 110.14 649.3
R? 0.54 0.32 0.48 0.32 03 0.2 036 0.22 034 0.19 038 0.25 034 0.2 0.64 0.44 0.4 0.3

. AIC- Akaike information criterion (#7%% ) , G-K: GWRK ( MBFRIALFIE AL ) , PITFIE,
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Spatial Prediction for Soil Organic Matter Affected by Appropriate
Samples Based on Soil-Terrain Relationship

LI Guang-yue, BI Ru-tian®, ZHU Hong-fen, CHEN Zhuo
(College of Resource and Environment, Shanxi Agricultural University, Taigu 030801, China)

Abstract: For the problems of reasonable sampling point number and spatial prediction optimization in fine soil
management system, this paper explored the possibility of finite sample points with different sampling methods based
on soil-terrain relationship. Specially, the effects of spatial distribution of optimal sampling points on the prediction of
soil organic matter (SOM) were studied based on the sampling methods of grid system, terrain unit partition
expression and optimal statistical unit for relief degree, combined with the geo-statistics, soil-topography relationships,
and geographically weighted regression kriging model. The results showed that: (1) The optimal unit size for
topographic relief was 10 x 10 pixels in the plain, hilly and platform areas, and the spatial distributions of sampling
points were mostly dense in the statistical units of plain area. The optimal sampling point numbers was 1656 based on
the evaluation of standard samples. (2) The main influencing factors on the spatial variation of SOM were elevation,
slope direction, topographic position, relative position, topographic relief, and the other topographic factors, which
could explain 69.2% of the spatial variation of SOM in the study area. (3) The accuracy of GWRK model was greater
than that of OK interpolation model based on different sampling points or terrain units. The optimal number of
sampling points were 39, 481, 9, and 28 for the positions of mountain ridge, backslope (N/EN), steep slope (N/EN),
and slope base, respectively. The improvement of GWRK model on SOM predictions was limited under the maximum
sampling points (n = 2806). The local variation of the spatial distribution of the predicted SOM content was relatively
decreased with the sampling point number decreasing Therefore, the effect of reasonable sampling points on predict
SOM content was significantly different among different sampling methods, while the prediction trend was similar
among them. The mapping of predicted SOM contents could demonstrate the basic spatial distribution pattern of SOM.
Key words: Appropriate sampling; Terrain unit division; Geo-weighted regression model; Spatial pattern; Optimum

statistics unit of relief amplitude.
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