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Cokriging Analysis of Spatial Variability of Cu Pollution in Paddy Soils in a Hilly Region
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Abstract: The auxiliary variables to affect the prediction accuracy of Cu spatial variability in the paddy topsoils were evaluated using cok—

riging method. An area( 1.40 km?) around the Jiangxi Copper Smelter was selected in a hill region of Guixi County, Jiangxi Province, Chi—

na. Autocorrelation properties, range, azimuth angles in the long axis direction, and prediction errors were compared to determine the perfor—
mance of cokriging with single—and multi—auxiliary variables. The relationship coefficient between the prediction value cokriged with single—
auxiliary variable and measurement value followed a sequence of Cu/Cd>Cu/H (elevation )>Cu/StrawCu>Cu/GrainCu>Cu/OM (soil organic

matter ) and Cu/pH, while with multi—auxiliary variables followed a sequence of Cu/( Cd, StrawCu )>Cu/( Cd, StrawCu, H)>Cu/(Cd, StrawCu,
GrainCu )>Cu/(StrawCu, GrainCu )>Cu/(Cd, H). Compared to kriging of total soil Cu content, cokriging using total topsoil Cd, total rice straw
Cu, and elevation can significantly increase prediction accuracy. Total rice grain Cu had no significant effect. By contrast, cokriging using soil
organic matter and soil pH decreased the prediction accuracy. The importance of multi—auxiliary variables to increase prediction accuracy fol—
lowed the sequence of ; total topsoil Cd+total rice straw Cu>elevation>>total rice grain Cu.
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Figure 1 Sampling points and land use in the study region
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Table 1 Statistical analysis of soil total Cu in surface
layer(0~15 c¢m ) and other auxiliary variables
zi%ﬁ S5ZI NS YN Kl biifE E#%
144 Cu Bt /mg kg RPBUEAS 40.61 506.30 148.61 89.73  60.4
FiFF4: Cu & it/mg ke FHEUEA 41.62 488.94 139.47 83.49 59.9
FPRL4 Cu & fr/mg kg™ XPBUEAS 3.87 21.13 1081 4.09 37.8
+ 44 Cd FrE/mg kg™ FFUEZ 0403 2.779 1352 052 385
11 pH EA 385 496 439 023 52
TEEYTg kg EA 113 371 229 650 284
R /m EZR 1974 5026 3389 3.67 108

TiH

2.2 BB T EX BT E TS E R #20

FE A Cu S P m] e A% A L 5
B Bl A e 1) 38 P ] v FELAK A3 AT R W (3R2), KR
JIKH5 22 Co( Nugget ) 34 R TEAE, 33X A2 FH 0 B 2 114 22 S
KFEATIRZEG RN S50 A Co BIR/INVE 35 m
B AS R4 Cu(StrawCu) FFAL 4 Cu(GrainCu)

+ 4 Cd J5, Cu/Cd . Cu/StrawCu . Cu/GrainCu 1% 15 |5
o RS A3 A LU BT - 18 4 Cu 5 6 1193 36 o HLAK 476
(B> T BRI TS 22 Co WOMEL, T HAB R WG i 1 LS
J5 2% Co WM.

R2 RETHES Cu SENMEHTENMSEITFESN
Table 2 Geostatistal analysis of surface soil Cu and

single auxiliary variable

S BB KAy Sy ST IR ITEDER

Khlh g BAC 22(C)  22(0)  E CYH(CHC)
Cu 7112 201.8 258 0.0490 0.061 1 0.445
Cu/Cd 770.5 1548 26.1 0.0441 0.063 6 0.409
Cu/H 770.5 210.1 73 0.0639 0.043 8 0.593
Cu/StrawCu 770.5 1414 245 0.0457 0.061 2 0.427
Cu/GrainCu 770.5 1393 286 0.046 7 0.059 9 0.438
Cuw/OM 7112 2675 129 0.0594 0.0519 0.534
Cu/pH 605.8 2259 122 0.0565 0.0512 0.525
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Table 3 The prediction errors by cokriging
with single auxiliary variable

T iR

TiH HERE(R)
ME  RMSE ASE  MSE RMSSE
Cu 0.764 5445 50.64 -0.006 1.001 0.792
Cu/Cd 0250 49.62 4897 -0.022 0.976 0.830
Cu/H -0.900 5255 5044 -0.021 0.997 0.808

Cu/StrawCu  0.844  53.15 4959 -0.022 1.003 0.805
Cu/GrainCu  0.747 5460 5027 -0.025 1.047 0.791
Cu/OM 0402 5608 51.48 -0.009 0.999 0.778
Cu/pH 1442 6201 50.56 -0.002 1.007 0.730
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Table 4 The prediction errors by cokriging

with multi—auxiliary variables

iz R

WiH .
ME RMSE ASE ~MSE RMSSE ¥(R)

Cu 0.764 54.45 50.64 -0.006 1.001 0.792

Cu/(Cd, StrawCu ) 0.592 46.22 47.46 -0.026 9 0.966 0.855
Cu/(Cd,StrawCu,H)  -0.237 49.06 49.16 -0.013 6 0.937 0.835
Cu/(Cd,StrawCu, GrainCu) 0.595 49.68 48.86 —0.018 0 0.999 0.830
Cu/(Cd,H) -0.986 51.28 51.21 -0.030 0.990 0.818
Cu/(StrawCu, GrainCu)  0.648 52.83 49.94 -0.022 1.013 0.806
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A 3477 # AR 2% 0.990 1 Cu 1Y 45 i b 1 7 AR i 25
1.001 5 1 By fm 2 Al A A0, HA A 5 1 A9 2288 Cu
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Table 5 Geostatistal analysis of surface soil Cu

and multi—auxiliary variables

AR Ky ST 50T G
Kt i DA 25(Co) 25(C) (CtC)
Cu 711.2 201.8 25.8 0.049 0 0.061 1 0.445

Cu/(Cd, StrawCu ) 770.5 130.5 24.8 0.037 3 0.070 0 0.348
Cu/(Cd, StrawCu, H) 592.7 207.8 11.9 0.046 8 0.0653 0417
Cu/(Cd,StrawCu, GrainCu ) 829.7 145.7 282 0.045 4 0.061 3 0.425
Cu/(Cd,H) 1088.1237.9 6.6 0.074 6 0.031 8 0.701
Cu/(StrawCu, GrainCu)  889.0 136.6 29.0 0.050 9 0.054 7 0.482
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Figure 2 The cokriging maps of surface soil Cu with other auxiliary variables
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