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Fig.1 The spatial distribution of the study area and soil sample points
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Fig.2 Frequency distribution histogram of soil sample data and statistics (a) original dataset, (b) dataset after logarithmic transformation
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Table 1 Descriptive statistics of Ln (S OC) in the study area and each spatial homogeneous zone.

FEARLE Hek KM (gkg™) i 5 R (%) i e
Sample dataset Count Mean Standard deviation Coefficient of variation Skewness Kurtosis
A2 JR) IR 1622 2.998 0.553 18.5 0.393 2.746
X3 1 PR A R 539 3.084 0.477 15.5 0.274 3.187
X 32 A R RE A R 483 2.542 0.353 13.9 1.079 7.062
X353 A R RE A A 463 3.176 0.493 15.5 0.359 2.987
X34 P REAS i 137 3.672 0.385 10.5 0.081 2.885

F2 BHRFREHNLL(SOC)SREZTENZERSEITHE

Table 2 The stepwise regression of Ln (S OC) and environmental variables in each homogeneous zone

Fi Ty B R TT R

Model Stepwise regression

R Z1 Ln (SOC) =4.099 +0.092 x X4 x X5-0.016 x X1 x X2

R 72 Ln (SOC) =2.352 +0.054 x X1 x X4

R 73 Ln (SOC) =-1.835+1.066 x X1-0.182 x X2 + 0.837 x X3 x X4
R 74 Ln (SOC) =2.613 + 1.348 x X3 x X5

#: R Z1, R.Z2, R Z3 K R ZANMFERIEFEMEAFRFXE 1, 2, 3K 4MRIEEMBENREIASEE,; X1, X2, X3, X4 1 X5 5 5%

In (MAP) , MAT, NDVI, NDMI /X In (DEM) .
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2.3 FETFNERHEE L

F 3 NANFE T Ln(S OC) FER S 248 57 bR B %
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Table 3  Theoretical semi-variogram model and related parameters of Ln (S OC) of different methods

50°0'0" N

46°0'0" N

Ty X3 T £ E k& Pttt A5FE (m)
Method Zone Model Nugget (Cy) Partial Sill (C) Proportion (Cy/ (C, + C), %) Range
OK X Exponential 0.160 0.200 44.5 714232
COK BFFLIX Exponential 0.174 0.272 39.0 1620004
RK BFFTIX Exponential 0.155 0.079 66.2 214808
X351 Exponential 0 0.186 0 19902
X352 Exponential 0 0.100 0 12735
ZOK N
X353 Spherical 0.153 0.110 58.2 390218
X154 Exponential 0.101 0.063 61.6 126533
X351 Exponential 0.118 0.118 50.0 160173
X152 Exponential 0 0.101 0 12735
ZCOK .
X143 Exponential 0.156 0.147 51.5 910365
X154 Exponential 0.103 0.062 62.3 130700
X1 Stable 0 0.216 0 113137
X152 Exponential 0 0.101 0 12630
ZRK
X123 Gaussian 0.149 0.055 73.1 174945
X354 Stable 0 0.143 0 71703
N . SR T
UERSBE R LU 42 JR 9 B RS A 70 85 32% ~ 42%, LU RF R4 ARREGTEE
, . Table 4 Accuracy of different models
BARKEE & 70% . _ — - _
A I o e N . ik B AR iR 2 e REL PR R %
REGE REDCAP 73 [X SRS A 3k, AR SCRT Method RMSE R MAE
REDCAP 73X, #f—2P{# ] OK Fl COK #L% CHI OK 0437 0.348 0336
s e e . COK 0.438 0.345 0.338
ZOK f1 ZCOK) #4T SOC & &= =5 7] 43 Z‘ﬁﬁ‘l{ﬂlﬂ . H RK 0.429 0371 0.330
X AR5, 454 REDCAP 43 X [ ZOK. ZCOK #1 ZOK 0.415 0.464 0318
. » & ZCOK 0.413 0.470 0.316
ZRK Jii%, H R WA HE OK. COK J RK #i4! ZRK 0.406 0.438 0.311
RF 0.464 0.287 0.365

5 32% ~ 36%, iFEH] T REDCAP 4> X & %t . B
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Table 5 Accuracy of kriging models based on single environmental variable and geographical detector partition

5y IX g F X i) 77 fR iR 22 YesE REL PR L xR 2
Zoning strategy Number of zones Model RMSE R MAE
ETFRESX 3 OK 0.432 0.331 0.327
COK 0.431 0.336 0.330
RK 0.423 0.359 0.325
FET BRI 3 X 2 OK 0.383 0.376 0.302
COK 0.382 0.381 0.298
RK 0.371 0.415 0.292
TN 3 OK 0.455 0.332 0.352
COK 0.450 0.346 0.355
RK 0.445 0.362 0.348
ETFWE,X 3 OK 0.455 0.317 0.354
COK 0.458 0.306 0.354
RK 0.443 0.353 0.350
HETNDVISX 4 OK 0.458 0.330 0.358
COK 0.461 0.323 0.359
RK 0.452 0.350 0.354
FHFNDMIS X 4 OK 0.464 0.332 0.357
COK 0.461 0.339 0.357
RK 0.460 0.342 0.354
BT bR R 5 X 4 OK 0.469 0.302 0.352
COK 0.457 0.355 0.337
RK 0.459 0.331 0.352
FET LR X 7 OK 0.454 0.290 0.345
COK 0.459 0.276 0.354
RK 0.491 0.171 0.369
FET Hh BRI A5 53 X 4 OK 0.450 0.337 0.338
COK 0.456 0.319 0.340
RK 0.432 0.387 0.326
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Fig.6 SOC distribution maps predicted by different models
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Table 6 One-way ANOVA of Ln (S OC) based on different zones from REDCAP, land use types and soil types
IR IT % s R I H B2 BJjiR%E S .
Zoning method Item Sum of squares Degree of freedom Mean square (%) P
REDCAP 2H 1] Between groups 143.833 3 47.944 36.7 250.219 0.000"
20N Within groups 247.751 1293 0.192
3 Sum 391.584 1296
TR 2 [H] Between groups 18.751 3 6.250 48 21.569 0.000™
20N Within groups 374.970 1294 0.290
S Sum 393.720 1297
T 4H.1A] Between groups 45.437 6 7.573 11.3 27.409 0.000"
20N Within groups 356.695 1291 0.276
A3 Sum 402.132 1297
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Application of Zoning Regression Kriging in Soil Organic Carbon
Mapping Considered Spatial Heterogeneity and Interactive
Environmental Variables

WANG Xiao-mi', LIU Jiu-hong!, BO Dai-yun®"
(1. School of Geographic Sciences, Hunan Normal University, Changsha 410081, China;
2. Haikou Marine Geological Survey Center of China Geological Survey, Haikou 571127, China)

Abstract: [Objective] The aims were to precisely map the spatial distribution of soil organic carbon (SOC), in order to widely carry out
the precision fertilization for sustainable agricultural development. [Method] A zoning regression kriging (ZRK) method considered
spatial heterogeneity and interactive environmental variables was proposed to draw a high-precision spatial distribution map of SOC
content in northern France. The global ordinary kriging (OK), co-kriging (COK), regression kriging (RK), random forest (RF), and OK,
COK, and RK based on one single environmental variable and geographical detector were used for comparison. [Result] @O The SOC
content in the study area was driven by the interaction of various environmental variables, and the driving effects of different spatial
homogeneous zones were different. @ The spatial hierarchical clustering method could effectively use the spatial homogeneous zones of
SOC content. Compared with the global OK, COK and RK models, the R? values of the ZOK, ZCOK and ZRK methods based on spatial
hierarchical clustering partitions were improved by 32% ~ 36 %. 3 The kriging methods based on single environmental variable and
geographical detector partition performed generally in this study, and did not effectively improve the SOC prediction accuracy. @ RF
performed poorly in the study, with lower R? and higher RMSE and MAE, while ZRK performed best in all models, with the highest R?
and the lowest RMSE and MAE. [Conclusion] The ZRK method, which takes into account spatial heterogeneity and interactive
environmental variables, can effectively use the spatial homogeneous zones of SOC content and draw the spatial distribution map of SOC
content considered the interaction of environmental variables, which provides a new model reference for digital soil mapping in spatial
heterogeneous regions.

Key words: Soil organic carbon; Spatial hierarchical clustering; Interaction of environmental variables; Zoning regression kriging;

Digital soil mapping
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