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High precision mapping of soil organic carbon based on multivariate composite model in Guangdong Province
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Abstract: The soil organic carbon pool of farmland is the only carbon pool that can be appropriately adjusted by rational utilization in a
short time scale. High precision mapping of soil organic carbon is helpful to further enhance the potential of regional soil carbon

sequestration, analyze the geographical environment background, and promote carbon trading and carbon neutralization. This study, The
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study took Guangdong Province as the study area, which was divided into 13 comprehensive characteristic zones on medium and large
spatial scale. The variable structure of soil organic carbon spatial differentiation in farmland was determined by Geodetector, and
hierarchical multivariate composite models(MCM ) was constructed. According to the data of 208 503 soil sampling points, we chart a high—
precision spatial distribution map of soil organic carbon density in the study area. The results show that comprehensive feature zoning on a
medium and large spatial scale, which was carried out by coupling natural geographical characteristics with socio—economic characteristics,
and introducing multidistance spatial clustering, can significantly converge the degree of sample dispersion.The mean standard deviation
and mean variance of soil organic carbon samples decrease by 0.55 and 3.53 respectively, and Moran's I index increase by 0.08. Under the
dual influence of natural environment and human disturbance, there are many variables of spatial variation of soil organic carbon in
farmland, and the variable structure in different comprehensive characteristic zones is quite different. Average annual precipitation,
altitude, terrain slope and other variables play a significant role in mountainous and hilly areas, but not in plain and hilly areas. However,
variables such as land use modes and soil physical and chemical properties have extensive and significant influence on different
characteristic zoning. The hierarchical multivariate composite model based on Geodetector better solves the contradiction between the
synchronous expression of spatial differentiation law and spatial mutation of soil organic carbon in medium and large—scale and complex
scenarios, and suppresses the increase of multivariable interpolation noise. Its comprehensive accuracy is 6.45%, 10.45% and 7.50%
higher than geographically weighted regression model—Kriging (GWRK), radial basis function neural network (RBFNN), ordinary Kriging
(OK) respectively. With the support of high—density sample set, the high precision soil organic carbon map of Guangdong Province
integrates the methods of regional comprehensive feature zoning, Geodetector and hierarchical multivariate composite models. lts
prediction results are accurate and the spatial details are clearly expressed, which explores an effective path for compiling the large—scale
spatial soil organic carbon distribution map.

Keywords: farmland; soil organic carbon; Geodetector; hierarchical multivariate composite model; high precision mapping; Guangdong
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Table 1 Statistical table of SOM samples of typical paddy fields in the study area

b0 FEAKL IR/ ME I RME S E FEA /(A hm™®)
City Number of samples Minimum/(g-kg™") Maximum/(g-kg™) Mean/(g-kg™") The density of sample points/(Individual -hm™)
WF5EIX 208 503 0.46 34.74 14.41 0.061
JTHI T 9756 0.70 34.63 13.95 0.086
T 46 7.71 22.10 11.39 0.043
PRIAFTIT 1854 3.58 28.78 17.23 0.088
kT 2 696 1.10 32.37 13.39 0.085
il 4851 0.58 34.74 14.25 0.109
T 18175 1.74 34.28 14.22 0.066
T 9996 0.52 34.69 13.70 0.064
M T 17 295 1.86 34.66 16.99 0.120
M 9507 1.74 29.00 12.73 0.046
i 6 449 1.74 30.57 12.62 0.049
RoE 892 2.15 26.10 11.64 0.073
il 1211 3.71 28.94 15.69 0.139
VLI 18 091 0.52 34.69 14.90 0.078
RV T 10 136 0.52 34.28 12.72 0.047
NN 20 129 1.11 34.67 12.32 0.031
BEA 19 850 1.74 3271 15.01 0.057
HEPRTT 14 875 1.62 34.57 15.83 0.080
THITT 16 799 2.26 34.57 16.90 0.051
I T 2766 1.68 30.22 13.14 0.065
B BT 11417 0.46 33.35 11.50 0.091
ATETT 11712 0.52 34.74 15.17 0.081

02040 80 120 160 200 km

| FREXKELERGNGRERSHE

Figure 1 Distribution map of field survey sample points of SOC in the study area
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Table 3 Statistical characteristics of SOM samples in different

clustering zoning strategies

INIK (4 Hhr L
Numﬁeii’iﬁiiﬁiﬁons bﬁ{ﬂ;ﬁéﬁ . }j E Moran s /
(groups) Standard deviation Variance
ARIF X (5r4) 5.72 31.44 0.21
7 5.59 31.42 0.25
8 5.62 32.28 0.24
9 5.42 30.11 0.23
10 5.26 27.98 0.23
11 5.22 27.62 0.23
12 5.30 28.29 0.24
13 5.17 27.91 0.29
14 5.26 27.74 0.25
15 5.23 27.66 0.24

PIAG H SOCC FEAS Sy DR A% £ (V) |, SR FH 1l B4 0
PEVEATHRIN . 45 5 R, 8 N5 IR 1~ 22 ] i A e
7E 0.001~0.095 Z [H] , 45 DK - [A] #4f 2 1 5 AU I e 1k 55
Fil G HEBR IR T M . 13 AR B R IE 4 X
N 8 A~ 11 SOC 521 71 (¢ {E) 7E 0.000~0.186 Z [] .
2543 X P[] — PR 7 B S ) 22 S 40K, B BR 454 IX Y
S BN T, A KR 5~7 A~ HA
N JE B R R T 1R R % X N A SOC Y 465 4 728 B
(£5).

23 BEFHESTEAEEN KA T ETN®RSE
&l E

R B by PR B R 225 5 , 2556 32 HE 11 SOC 28
(1] 715 S5 235 g 722 B F S TR 25 RRAIE 3 DX A R SOC
2L E A AL (MCM) (% 6) . 7EBE 5T X 4 X 4
230 mx230 m A& 250 3.33%10°4 , L4k 13 N3 X A
MCM 2 208 503 /1> SOC FEAS Bidhs , 2 il 4 H SOCD
KRS ) o3 A P (P 3) o S5 3 R BF 98 X A& HT SOCD
e /ME N 1.56 kg m™, F KAE N 6.19 kg - m™, -3
H3.64 kgem™ EALIEZETT AN T AT L g XK

®2 FRRGEFESREAFEANEREN)MER

Table 2 Calculation table of index comprehensive weight of comprehensive characteristic zoning in the study area

MR F-4abr TR R TR INCEE S UNEE:SS b & L
Indicators for measuring weight Altitude Soil types Density of water network  Population density Proportion of farm land
S RE(CV) 1.97 0.32 2.18 4.40 1.61
FEF CV AL E 0.19 0.03 0.21 0.42 0.15
d; 0.15 0.08 0.15 0.26 0.13
HF AR 0.19 0.11 0.20 0.33 0.17
fEbRER AR 0.19 0.07 0.20 0.38 0.16
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Figure 2 The result of comprehensive characteristic zoning of farmland in the study area
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Table 4 Classification table of SOC structure Variables(inﬂuencing factors) in the study area

LUK
178
XK
B xx
I X
IR
N mix

SRR I 8 F o MR MR B T F AT AR

Classification and grading ~ Annual rainfall/mm  Altitude/m  Slope/(°) Aspect  Soil types  Texture of topsoil Land use patterns

1 <1400 <40 <2 dedk W+ g <4.5 LSii)

2 1400~1600 40~80 2~5 R pae: fibige 4.5~5.0 S

3 1600~1800 80~130 5~8 ALk AR w1t 5.0~5.5 Al JHEELLIE K

4 1800~2000 130~200 8~15 K Wi it 5.5~6.0 A ]

5 2000~2200 200~300 =15 Y JRR A rhe 6.0~8.0 LR GECZE N

6 22200 300~400 F-Hb AR G >8.0 IR

7 >400 [lig7 £+ 7K H

8 R KRR el

9 P73 Hht

10 bEhE S

11 EFaR: ]

12 st

H SOCD % & , YIME AE 4.20 kg~ m™ DL | 5 i 3R 05% vg F-
Ji 5 b X AR B SOCD A%, 4 {E 7E 3.00 kg - m™ AR
(F£7). R ARW S0 58 XA H SOCD K1 434

5 (24.08 kg m™) 1 (3.33 kg * m?<SOCD<4.08 kg

m?) (<333 kg-m™) =AEFH, H AP RSFEZ A H
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1w AL 1,155 5% 10° hm?, 5 BF 5% X A& H &L 1 AL A
33.86% , HLAT B R A4 B SOCAHAEHETHE /1 -
2.4 55 EHELE R3S

K FH MCM A% G2 7 143 S 364 T DX 358 SOC F il
B 35 T i PRI 54 1 MCM 5 OK A IX 3k 4
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Table 5 Influences of soil organic carbon structure variables in different zones

R 2 U C IS T 0 R

Regionalization Annual rainfall Altitude Slope Aspect Soil types Texture of topsoil Land use patterns
I'X 0.020 0.022 0.008 0.012 0.011 0.037
mx 0.021 0.007 0.021 0.006 0.098
I x 0.004 0.011 0.079 0.042 0.105
VIX 0.026 0.003 0.002 0.012 0.023 0.009 0.021
VIX 0.011 0.024 0.021 0.008 0.017
VIIX 0.051 0.038 0.045 0.058 0.020 0.186
VIX 0.035 0.108 0.086 0.048 0.131
VX 0.012 0.005 0.017 0.014 0.023 0.067
XX 0.004 0.024 0.054 0.016 0.072
XX 0.046 0.030 0.005 0.009 0.025 0.005 0.106
XIIX 0.045 0.067 0.009 0.033 0.041 0.021 0.041
XX 0.064 0.014 0.015 0.007 0.080 0.018 0.101
XX 0.008 0.010 0.110 0.023 0.007 0.152

Ro ARRATEFNHBRBEARSEESTEAKE

Table 5 Sample status of SOC and multivarible composite model in different zones

i fE4E B4R

ZRBRHIE

HEARGE  REARE ViiEE W Ry i
. . Interpolation ~ Validation Hierarchical multivariate composite model
Regionalization
set set
X 27 049 11593 Zou(x0) =0.185% Z1 (w0 ) + 0.196 X Z(x0) +0.072 % Zs (o) + 0.098 X Zg () +0.111% Z7 (o) +
0.338 % Zs(x0)
X 20711 8876 Zoa(%0)=0.140 % Z, (w0 ) + 0.044 X Z5(x0) +0.038 X Zs (o) + 0.138 X Z7 (w0 ) + 0.640 X Zs (20 )
mix 14136 6 059 Zoa(%0) =0.016 X Z3(x0 ) +0.047 X Zs(x0) +0.173 % Zs(x0) +0.327 X Z7(x0) +0.437 % Zs(x0)
IVIX 7813 3349 Zoa(%0) =0.270 X Z, (w0) +0.028 X Z5 (20 ) +0.025X Zs(x0) + 0.125% Zs( w0 ) +0.094 X Zs(x0) +
0.239 X Z5 (%0 ) +0.219 % Zy (o)
VX 1029 441 Zoa(x0) =0.140 X Zo (x0) +0.295% Zs5 (0 ) +0.093 X Zs(x0) +0.258 X Z7(x0) +0.214 X Z (x0)
VIIX 5704 2 444 Zoa(20) =0.128 X Z, (x0) + 0.097 X Z3(x0) +0.113 % Z5(x0) +0.094 X Zs(x0) +0.145x Z7 (20 ) +
0.468 X Zs (%0 )
VIIX 1158 496 Zoa(%0) =0.086 X Z5 (w0 ) +0.264 X Zs(x) + 0.118 X Zs (o) + 0.212 X Z7 (%) + 0.320 X Zs(x0)
VI 8354 3581 Zoa(%0)=0.084% Z (x0) +0.037 %X Zs(x0) +0.120 X Zs (w0 ) +0.169 X Zs(x0) +0.103 % Z;(x0) +
0.487 x Zs (%0 )
XX 13 461 5769 Zoa(%0)=0.026 X Z, (x0) + 0.141 X Zs (20 ) +0.096 X Zs(x0) +0.316 X Z;(x0) +0.421 % Zs(x0)
XX 20 080 8 605 Zoa(20) =0.204 X Z (o) + 0.133% Zy (w0 ) +0.022 X Z5 (o) +0.039 X Z5 (o) +0.024 X Zs (%) +
0.111% Z7(x0) +0.467 x Zs(x0)
XIX 9441 4046 Zoa(%0) =0.174 X Z, (w0 ) + 0.261 X Za(x0) +0.036 X Zs(x0) +0.130 X Zs (%0 ) +0.080 X Z(x0) +
0.158 % Z;(x0 ) +0.161 X Zs(x0)
XX 8953 3837 Zoa(20) = 0214 % Z, (w0) +0.048 X Z5(x0) +0.049 X Z3(x0) + 0.024 X Zy(x0) +0.267 % Zs(x0) +
0.062 % Zo(x0) +0.336 X Zs(x0)
NI 8 063 3455 Zoa(%0)=0.025 % Z,(w0) +0.031% Zy(wo) +0.357x Zs(x0) +0.021 X Zs(x0) +0.075% Z7(x0) +
0.491x Z5(x0)

 + Zoo (30) 0 x0 B SOCCARFEIT s 21 (00) Zs (0) 23 (0) Za (x0) Zo(x0) Zo(x0) 2o (o ) B0 2 (00) Sy o 43 0 A R O 18R
(R REE Yl B AY FR JShl | -3 pH AR FUR T Dy 2 SR 3R BRI 1 SOCCAR A

Notes: Zo (%) is the final SOCC estimation of position xo; £1 (%0) is the SOCC estimated value of xo location after Cokriging interpolation with single
factor of annual rainfall; Z2 (o) corresponds to the altitude factor, Z;(xo ) to the slope, Z4(xo) to the aspect, s ( xo) to the soil types, Z(»(xr)) to the texture
of topsoil, Z7(-\7<!) to the pH of soil, Zy ( x\.) to the land use patterns.
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Figure 3 High precision distribution map of SOCD in Guangdong Province

SOCC Tl ] it 500 248 5 48 F= 5 ; GWRK 7% 2] 1) 25 [7]
A3 A RS 25 SR B RSP 1T RBENN J9 0 ] A1) 41145 ¢
KA B 4) o [R) B AR e A 36 F 46 174 560 IF 445
LI OK IR M 45 e M S vE R AT He A (2 8) o Hirp
GWRK ., RBFNN ., OK 1y £5 5 % 22 B MCM # X T
6.07% .9.04% F1 4.77% , Pearson F 5 2 5 (r) FEAK T
6.78% . 11.86% #1 10.17%, MCM HY 25 & K& B AH %}
GWRK . RBFNN F1 OK 43 5| #2 Ft T 6.45% .10.45% #11
7.50% . FEH KA ) R E MCM ) X 3k A4 H SOC it
M2 L 1 25 A FEUTAS FE 48 GWRK . RBFNN £l OK #B45
BKIRBE LTt .

[F] B, U %5 560 I A A A S0 {1 5 9000 {1 1 <5 3
Q-Q &, MCM 5 OK .GWRK Ay Sl {5 5 I (B 42
AT B4R, B4 B SOC 25 [A] 43 SRR AE i B M o
54 o RBENN DU 5 P 4k 25 4, b BH JFL S 1 5 7
DL 1 225 T) P A D AR T At =y 32, 28 ] 3Rk
() FEATLPE R 0% . MCM R B B e 3 4k, HL il i 22
AT B R R (] S) o OK 5 GWRK 44778 “ 5 2 3t
%, IR 2280 K . RBFNN i 45 545 2% th
AERT I, HL T v i R A A5 B 22 K, T
B 1) T S WAL P ~F- 34 R0 R AL
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3 e

CEA TERENE NS B K 7S Rl 3RE J7 , MCM A
BRI T A H SOC 723 8] 4% 5 1) 22 DR 1 T AN [) A2 45t 11
R ) 22 5, 0] DIVE R KRR B & 4% b BRAR 5 T X3k
SOC Ful il e si il

A H SOC 75 [A] 48 S5+ I 5 i A% 1t Ak 217, QN4 s
JEE N b T 5 85 5% 1 AS [R) b 3R SOC 1) 22 BRI 2%
SV 57 N[ 12 = 2 e = 4 SN o
RS NP8l , Ko ph S 8500 3 PR AL M o AR A X A
H SOC B 25 AR Ak i 52 i 55057 H AT 0F 5% 2 02 38 1o in
FORAE 5 FEDS AT Z% A T A5 R L5 53 A A AR 31| 1)
g AE , SR FH SOC il RS B 2ok o HUE: 32l
FRIRSE 5 AR 25, KR & 241 5 N R
SOC 7 [ 48 S JE s 50, B — 2R PR R 5l /N ROEHLAR
2 2 Y SRR TR LA R B R ) X2 B
R4 DX — 25 B DX N AR 5 DX (] 25 S AR T
A H SOC 7[BT0 e [ Bsf 3 Ao b B0 2 XoF

] A5 5 (4 S50 88, 6 AN [R)ARRAIE o DX 000 B A
s ST T AR BTER ) A sk T R R R A A BT
P, i T IR A, 2%, RBENN X PR 45  E
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Table 7 Statistical analysis of SOCD based on high—precision
spatial distribution map

BN B VI e pma

B G G gy O
WHIEIX 1.56 6.19 3.64 0.62 17.03
UM 2.23 5.51 3.59 0.52 14.48
I 2.45 3.46 2.99 0.20 6.69
PRifg i 2.63 5.93 4.26 0.67 15.73
sk 2.16 4.39 3.23 0.42 13.00
il 2.44 6.19 3.80 0.58 15.26
B 2.04 5.99 3.62 0.64 17.68
i 1.56 6.05 3.99 0.57 14.29
HEH 1T 2.86 6.12 421 0.47 11.16
B 2.10 4.70 3.30 0.37 11.21
W 1.87 4.56 3.16 0.42 13.29
KREET 1.94 4.26 2.88 0.41 14.24
il 2.62 5.59 3.90 0.49 12.56
W 2.4 6.09 3.39 0.56 16.52
FHY LT 1.97 4.92 3.37 0.43 12.76
YT 1.88 4.48 3.28 0.42 12.80
AT 241 4.95 3.72 0.41 11.02
R 2.57 5.73 4.10 0.49 11.95
THIETT 2.57 6.12 4.28 0.55 12.85
N T 2.25 4.62 3.19 0.47 14.73
5 AT 1.80 4.40 2.97 0.40 13.47
FaEai) 2.52 4.81 3.85 0.33 8.57

YA AL | 25 RIS AE VR AL 22, FE RS
[ RET , OK AR {E F 25 SR 8¢ GWRK A RBENN HA7
S [ PN FE 2 [ S B FTORS A PERO MCM U375 A7
A4 53 2 B A I () v A A (.45 R 5 0 AR R )
TP 9N E A G — B AH B OK . GWRK F1 RBFNN
fese s , WA 45 R 5 G iR 25 /N NS E R T i

F . MCM BEREAEAR TH SOC =5[] T i A5 v Hp ] o &2
Zy AR B AR 8 ) s (AR AN (] A48 %) 2 (1) A28 57 1
DT ST, BT T I AA R AR A BB S PR BEAR TR
D25 SR AN o

XTI S 246 5t T A B SOC =3 [a] Fuill] , e
i A KIREE A FRIE 2 X BRI 88 22 u iR
G SRR T B, Sl B R B FEAS AR AT DL
BT A B SOC il IR B2 o H 76 ) 2 11 ) ok 1 1 8
A AL K B P A 25 R AR 4 X AR AR AR R LR
SOC 45 14 A% 1 4y 25y BT it — 2 5 9 2%
B o T AR A HH SOC ks BE i, Ay g il B R 23 i) IR
FE AR HH SOC /A1 IR R T A A A%, 4 I+ X+
BRI 7 AR ERRAS Ty i RN BEE T R

4 it

(1) LA KR Z 2R R 51 A
FETF AL Ripley s K oA AY 22 5 2 25 0] R 2K Wb 45 op
Kzs 0] RS S5 45 P AIE 43 X, BEAS B Jin 58 (2. 43 X 22 [1]
SOC 75 [1] 22 5, US43 IX PN SOC FE A 11 25 U RR
B o A IX 5 SOCHEA (bR E N 25 35948 7 22 BBk
Ay X435 F R 0.55.3.53, Moran s T45%k | 710.08.,

(2) b PRI #8000 45 T 3 W B HH SOC %5 17
AR Z , BRI ZE G RRIE 3 X N 250 22 S5 88
Ko AEYIREK R IR R B IR AR R L b B B
X SOC 75 [8] 43 524 F R 25, 1 J5E il b XA FHOAS
=, L3Ry 20 A S B A o A R X S TR 4R
Gy R B EAT BRI 52 ] .

(B FERE EREALE HF N, W) XS 25 G Rk
43 DX 5 56 iy BRI 254 2 04 40 J2 2 o0 IR A I R 4
il 9 R kG A FH SOC 28 8] 43 A5 [ B e e 7 ok
FUBE AN 218 5 SOC 28 [] 43S FUHE 5 25 [R] 28 42 (1)

®8 HEETEGRE SRS EX LRIE

Table 8 Comparison and verification between multivarible composite model and traditional methods

A5 X} e Comparison of accuracy

ST EEgE OPHIAT .
F?;gcjzi(ri jri;g JFi;’ej;Eﬁ wiﬁ?i +§§Z§)§y et e G
methods MAE MRE r Comprehensive error/%  Correlation/% Improvement degree of
comprehensive accuracy/%
MCM 3.34 31.08 4.33 0.59 — — —
GWRK 3.54 33.00 4.58 0.5 +6.07% -6.78 ~6.45
RBFNN 3.64 34.35 4.66 0.52 +9.04% ~11.86 -10.45
0K 3.53 32.32 4.53 0.53 +4.77% -10.17 ~7.50

125 B 1R 25 M MAE \MRE 55 RMSE (BB 5 255 RS BEHRTHRZ S 0 OK .GWRK Al RBFNN =& 45 5 I J7 i A F MCM [ 456 152 25 L

KA TRT AR

Note: Comprehensive error is the arithmetic mean of MAE, MRE and RMSE, and the improvement degree of comprehensive accuracy is the simple

arithmetic mean of OK, GWRK and RBFNN relative to MCM.
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Figure 4 Prediction results of different methods of farmland SOC in the study area
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Figure 5 General Q—Q diagram of measured and predicted values of samples in the verification set
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