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Spatial Prediction of Soil Organic Carbon Density
in Landscape Unit Based on BME-GWR Method
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Abstract: [ Objective ] The study was to make full use of the multi—source data with uncertainty or prior distribution
in improving spatial prediction accuracy of soil organic carbon density (SOCD ) . [ Method ] The typical agricultural
landscape unit of subtropical red soil hills were selected as the research area, and the environmental factors as auxiliary
variables. Three methods were used to calculate and compare the results of spatial prediction for SOCD, including
geographically weighted regression model ( GWR ) , Bayesian maximum entropy combined with geographically weighted
regression model ( BME-GWR ) , and Bayesian maximum entropy combined with geographically weighted regression
model estimated by land use type ( BME-GWRL) . [ Results ] BME-GWR and BME-GWRL model had stronger ability

to explain the spatial heterogeneity of SOCD. The leave—one—out cross validation results of determination coefficient ( R? )
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of BME-GWR and BME-GWRL models were 0.81 and 0.79, the root mean square errors (RMSE ) of BME-GWR and BME—-
GWRL models were 0.35 and 0.33, and the mean absolute fitting errors ( MAE ) of BME-GWR and BME-GWRL models

were 0.19 and 0.21, respectively. These two methods had a higher fitting accuracy than GWR model, which could better reflect

the spatial local characteristics of SOCD with auxiliary variables as soft data. In particular, BME-GWRL model used the soft

data extracted from the prediction of SOCD under various land use types, and the prediction result was more accurate than that

of BME-GWR model, of which soft data was directly simulated in the whole study area without considering land use types.

[ Conclusion ] BME-GWRL considers the uncertainty of the estimation unit of soft data, which can provide an effective method

for improving the accuracy of spatial prediction with rational utilization of multi—source auxiliary data.

Key words: Bayesian maximum entropy ( BME ) ; geographically weighted regression ( GWR) ; soil organic carbon

density; soft data; soil utilization type
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Note: Different lowercase letters after data in the same column represent significant differences.



B 2 T LLE I, W8 KR PR E 0 R . PR
o 10 48 B SOCD A W B ag s, ] LIAE
F B Nt fr A oA A . Hirh, SOCh 5

79

T R RN I Y B I A O A G R B )
A —0.68 Fll —0.62, 15 TWI 24 B 2% FEAH &,
R ZRECH 034,

80 90 100 110 0 2 4 6
I I I I I I I I L
<
- TP, -
AL L » " . o«
SOCD -0.68 -0.62 0.34 L
o
Lo
- —
i %a
g P 0.53%* ~0.25%
Elevation
e
-0.26** S~
il
F o
TR FE AR
TWI

o R EHI

*# represents extremely significant correlation

B2 #MERTJEAVNKRZE. S8 WE. WHBEEEHEXSH
Fig.2 Correlation analysis of soil organic carbon density ( SOCD ) , elevation, slope and
topographic wetness index ( TWI ) in the research area

22 FFHERHLLE

MG e KokesE 280 (R2) JEI, GWR.
GWR-BME ., GWR-BME, 37 5 5 {5 $0 4 A 75
BIRTe BT (K3) o P52 REURE R o BT 1
M EESH LM (C,)  FEME (Sill) |
FE (Range ) AMHRIEAE (Cy/Sill) , mILL
e — 7 23 [B) 5 P ) 25 ) AR S PR AR B E
FHOCHE . Forp, Bl R T AL 73 08 AR
ARSI EIR2ZE, GWR, GWR-BME,
GWR-BME, 3R 48 540032, 0.24
0.16 kg/m2, 454 BMEJT AT LAk /b th BEAILES 7
WA S HE B (R R R S pR AR Bl A R A A
ENEEG ORI Y (N R NG ¢ 1= R
AR R AR S, PRBL T AR RENLER A AL AR
5, GWR., GWR-BME., GWR-BMELM)3E S
B20.61., 0.66. 0.52 ke/m?; Heaxfli 55 A1
FCAE A5 M 52% . 36% . 31%, N EEFEFEY2S

[ ARAEPE (25%~75% ) , JLHZGWR-BMELZ
PR B2 () AR e PR i s AR FE R B/ IMERIR N
GWR (269 m) . GWR-BME (207 m) . GWR-
BMEL (138 m) , GWR-BME., GWR-BMELFZAL:
LGRS NTFCWR, #F—E503F T4
H5EAHE AR, R H®r 2 (B [ A
Kotk
23 WS ERE

GWR. GWR-BME. GWR-BME, 3Fff
Y 23 [A] Al 506G BE 45 SR ok HBR — 3¢ X8 ik 7
%, PR xTiR2E (MAE) | By filiR 2
(RMSE ) | #E 2% (R?) KRIIFEBIAE
MAER] LR BAL THE AT BB iR 225, RMSER]
D I W8 i At (B 1Y) 3R R FVARAEL S , R2AT D
WA R A RE SRS B 1 o O I IR AR AR SR X,
Xy, X,, SOCDHOWIMMERZ,, Z,,++, Z,, FUAE
N Zi Zos Zon - Zos W



80

A
mE E nm
0.6 u
5
=
R Zo4
#* 2 GWR
& ,=0.32
02 Sill=0.61
C,/Sill=0.52
Range=269
0 500 1000 1500
ey
Distance (m)
B n | m B
06
()
<
R Eo4f
# g GWR-BME
& C,=0.24
02 Sill=0.66
C,/Sill=0.36
i | Range=l207
0 500 1000 1500
fiEr
Distance (m)
C
0.6 |

RSy
Semivariance
S
~
T

GWR-BME,
C,=0.16
0.2 Sill=0.52
C/Sill=0.31
Range=138
1 1 1 I
0 500 1000 1500

izt

Distance (m )

B3 FHEEEIL

Fig.3 Comparison of semivariance model

MAE= 3,177,

n

RMSE= | Y} (Z_7)
n

_ S
. (X2Zx2-2Z,x X7 )2

(sZ_3 20/ « (320 (2O
Horr, MAEM KB /MEK HGWR (0.25)

> GWR-BME (0.21) > GWR-BMEL (0.19) ,

RMSE M R F/IMER FHGWR (0.40) > GWR-BME

(0.35) > GWR-BMEL (0.33) . GWR-BMEL

IR MAE M RMSE H G W R - BM E A 1 43 51) Uik
19.53% . 5.71%, HGWRAELEIZ 18 /124% |
17.50% . R*LIGWRELAIfZ/N (0.72) , GWR-
BME (0.79) HGWRHE59.72%, GWR-BMELRY)
R K. H0.81. KUIFEHEHRHEIT, GWR-
BMEFI GWR-BMELH AU B 175 T CWRHEL
R GWR-BMELBL R 7E 3 7 3 Fh 4 (B 1 B
&, GWR-BMEYXZ, GWRABIHDKE AL (3
2) o ULHIZEG T 4 MR FH 2R R oAk B R T
PRI B B T LS e A B - A FH 2 AR P R
By 25 ) 22 5, e ISR AR A 325 SR I AR
P TR LS RS
®2 BHEEVBEEEREELS

Table 2 Comparison of accuracy among different soil
organic carbon density ( SOCD ) models
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