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Spatial Interpolation and Sampling Numbers of the Concentration of
Copper in Cropland Soil on County Scale Using Cokriging

PANG Su, LI Ting-xuan, WANG Yong-dong, YU Hai-ying

(College of Resource and Environmental of Sichuan Agriculture University, Ya'an 625014, Sichuan)

Abstract: [Objective] Studies on the spatial distribution and sampling numbers of the concentration of copper (Cu) on county
scale were made to provide a help for the investigation of environmental quality of cropland soil. [Method] In this study, Cokriging
was used for the interpolation of the concentration of Cu in cropland soil in Shuangliu county in Sichuan province. A total of original
623 measured data of the concentration of Cu in soil and 560, 498, 432 measured data by random were selected as target variable,
original 623 measured data of soil organic matter (OM) content as auxiliary variable. The interpolation methods using Cokriging
under different sampling numbers were evaluated for the suitability of estimating the spatial distribution of the concentration of Cu in
soil on county scale. [Result] Compared with the ordinary Kriging under the same sampling numbers, the root-mean-square error
produced by Cokriging decreased by 0.9% to 7.77%, correlation coefficient between the predicted value and the measured value
increased by 1.76% to 9.76%. The prediction accuracy of original data reduced by 10% using Cokriging was still higher than original
623 data using ordinary Kriging and their interpolation maps were quite similar. [ Conclusion] Cokriging was shown to be more
accurate and economic method which could provide more information and help for the study on the spatial distribution of the
concentration of Cu in soil on county scale.
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Fig. 1 Distribution map of sampling points

1.3 MEmMBRAZE

45K HNO,-HF-HCIO, W44k, 57k
W o6 e JE R e s 3 OBL R A &R A
K,Cr,0;-H,SO, i g szl
1.4 HELE
1.4.1 WARIFHE EHG AT, 5 2R BT
— U ESHANP G AR FE G T LU SRR
IR SR AR B AE s R b (172 () AR S R DG FE S
BRI IR PR (RS SR O, A R v LA
FEMSERE T FEAMEFAR BB N, P 2 A
XN

F0)= sy 2 )= 25+ h)]
A, m) N FIBREE R A 07 22, JELL b R IREE
JITAT I A5 PR R B s NCR) A& TRV R B (R S5
Z() R Z(xh) 53 X S8 A B Z() R Z(e+h) 7E 2 1]
REE X BT xh Ak RS

PRAN BEATL AR 2 1) Bl ) DX 34k ] U R 910 < )
Ji ZE ROk FR,

)=~ Sz ) 2 I [z, ) 2, Gy 5 )]

2N (h) =



2830 eE VSO S 0%

X, r(h) WA RINASH -7 748, Nhy @& BA
AN RIEE A AR B Zy ()BT Z o) IR B T O E o T g
PR R IEAIRI, AT Z A x, Bl xgu 1Y
InER > 251 Z 3 ek, S H AT A IE
fE.

L AR S R HORIAT DG 23 B 14 25 SR I I — g Pk 1)
R ARDCVEARAE, AT AR FH 53 o A% 2R A T4 1
LNASIWAE

()= 2 ()

A 2% (o) B AFAl A xo ARG THE,  2(x) 2 S {H,
AR A EEA SSNMEBCE H. 2A=1. n 255 kil
{E M SSE R EH

b I e HUAR i M v ERA I R, B
IR B AN A B A, JEh— g A, I
EMPE B R, K EATE B AR 42
A A RNE S5 Al K T et de Lt (e . Fea s
A

n D
z (x0)= z llizl(xi)-'- Z ﬂ2j22(xj)
i=1 Jj=1

A, 2 Oo) AN AL xo AT, 21 (o) T za(x) 53
ot A 2y AR AS & 2, S, A, R0 4 20 A
SIS F AR 2 MR S 2, MSEIMEARCE, H
ThEls Th=00 n Ml p &2 5 xo SSAGEN F AR 2,
AR IRz, I SEIME S H

1.4.2 FOUREEAR  FHVFR 5% (DR 5 A%
(I3 AR ZEARN T2 50 Gl e AR 193

F1 TIREMEINRS EBHAESRIT T

Table 1 Description statistics of the soil Cu and OM contents
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Fig.2 Global experimental and model-fitted semivariograms of soil Cu and OM contents at the full extent
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Table 2 Theoretical isotropic semivariogram model and corresponding parameters of soil Cu and OM contents

S HTIH Y FK Pl HAMH AFE Col(Co+0) e R B B2
Analysis item Model Lag(m) Co CotC Range (m) (%) R’ RSS
il Cu S 1000 0.03034 0.06984 28281 43.44 0.845 1.142E-06
WL OM G 1600 0.07620 0.17740 28990 43.00 0.965 1.056E-03

S FRERIRIEAY, G FoRmiiM., FH S refers to Spherical model, G refers to Gaussian model. The same as below
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Fig. 3 Interpolation maps of the concentration of Cu in soil using Cokriging and ordinary Kriging
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Table 3 Model and parameters of semivariogram and cross-semivariogram for the concentration of Cu in soil under different
sampling numbers

FE R A S R R il Yz fl E SN[ Co(Co+C) AFE e R
Sample No. Type of semivariogram Model Co CotC (%) Range (m) R
623 AR & Single variable S 0.03034 0.06984 43.44 28281 0.845
AT H.AF 5 Cross variable S 0.02945 0.06897 42.70 30367 0.869
560 AR & Single variable S 0.02970 0.06939 42.80 27895 0.884
ZZ H.A% 5 Cross variable S 0.02879 0.06851 42.02 30024 0.862
498 #1745 5 Single variable S 0.03431 0.07109 48.26 27130 0.817
A& HAZ 5 Cross variable S 0.03320 0.07017 47.31 30769 0.838
432 7R & Single variable S 0.02583 0.07084 36.46 28500 0.896
AT H.AF 5 Cross variable S 0.02554 0.07040 36.29 30753 0.847
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Table 4 Comparision of predict accuracy of the concentration of Cu in soil by co-kriging and ordinary kriging

FE i 38 7 37 8% Ordinary Kriging P [ 5 37 4% Cokriging RRMSSE Rg

Sample No. RMSE , RMSE , (%) (%)
623 7.911 0.516%* 7.840 0.529%* 0.90 2.52
560 7.991 0.511%* 7.769 0.520%* 2.78 1.76
498 8.139 0.502%* 7.928 0.512%* 2.59 1.99
436 8.852 0.492%* 8.164 0.540%* 7.77 9.76

RMSE: 3577 ukZE; re SENME S T2 R AAHDR AL RRMSSE: 3577 MR ZEMARRT I Re: AHOG REA N $2 5
RMSE: Root-mean-square error; 7: Correlation coefficient between measured values and predicted values; RRMSSE: Relative reduces of root-mean-square error;
Rg: Relative improvement of correlation coefficient
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Fig. 4 Interpolation maps of the concentration of Cu in soil using Cokriging under different sampling numbers



2834 th & L BE O 0%

Kt (=0.146%*, P<<0.01, n=623) HA &, Fr
DA R] A Ay % B A A 0 [ o FEL R SCRE T i ey L 334
B A AR B AR IR R B TAE AR, B
Z 6} BB AN X R A L, AR SR
P ) 58 LA VAAN BEAT AR 10% I IR FE A, Ll
i, Xnrgef DUy i RaE . 55—, i) v gk
(IR AERG J 52 s A RO B8 720 et AF DGR 58 1) S
AWFFTH 623 AN pii - HEAR B S A LT = AH G
PEESRIS B T2 A, (RHAISCREED, 2
TIRIRS BE TR R R s 2R, ARSI R LR N
WEFCRBE, AR T IREE S A8 38— 1 RS /)
XIME, HbREE R B AR E S, T
HZ 2T &R K ELEAR Iy ) B smgsgm, s
6] [ P FR) I ] DX A Y PRI 4 A, 3 S A e 1S B IR)
SRR IE I PERRAC: =, Szt B el B
DL b RO - 38 5 4 J@ 1 i 2 1) 43 A R AE (9 W 5T AR
L2224, AR BORIA B T 623 4, SRAFECR K,
g, BMELIR 30%, (A% 436 A4S, MXTZ AT
(RVBIFFEAC L RAE B A 2 7 o TN TP ] X kA
A, WA T 2 ORI AT B S R B S —
FEARBRE . CRBFFUABRIRIEY ), 1K L8 A 5 )
FRA AL R X A AR &, S RS AR i 1)
JEARIA], DU — A E PR [7) o B A (15 74 v HL A
i —3 Bk, A4 B R A E  BA 2
i, I ) o LR (R3S A S L ST, B neR
TR 585 PS5 FHAY: AR A B 1 5 00 e, ARV TR 2 114 5K
B, AU R, AR A T )
v SRR R v, DA A S 25 hnvEdE iy T P [
S MR AR SRR, AR — e R BT
FE R4 gk ) LA o
3.2 BHRETHAMEEEEEZRUEHELEN

me

L3 R R v K 1 R A T 5 G - S e
BB BRI VPN R IEEASE R R A X RS B R
GRS . EXEE T AEF, RAEE AR
WPER,  TRAE R LA PRUEAS BE ) Gk, ey
A EE R . R, 6 BLOR SR RO
ATARACHE G AT B o MG T2 b 5o R SRR o5 1
SRR o FELAR AR R OB R 2 5 A T i [ 1)
AR TRVAHOGRRRE s AT CRAIE S S 7 4 JaR: o5 1) 25 [ A
KRR 5 IR B Fal, A Beif R A oloRE iU o
HASASE RS YE . R BEHLRIREVE DL I T i i
¥] Cochran 2y 2t AL RAEECR AT 5T, (B

GITERAT % IEAC RN 25 A G R FFAILE, AN BERA DR 46 U
P AR A A FDRS B ET o ) 50 LA v R P el B A
TROR AN HFR AT AR IR R S ] LK A A R
g i S R TR DGR IR I, ) M) T B A A
{102 ) B DR UE H FRAZ 12 10 2 AR SC R EAN R AR K
. ZHTAZIT AR RIEIT 32 2 AE R R
PERURE 5E IR IR /N X, it 22 1) 5K (0 RUSEEAT I 2
DA G g s br TAF . AWFFTRM (R 3. £ 4,
I B ) 5 BUBE A EAR B M ORAIE T 8 A s J 438
S = (K 78 A A R R B AN S OE R, 1T HLRERS 1
ARSI, BT IRAE AR I 5T
HAT— @ 38w AR A e e i DR ABL g AT 7
IRUAR o BeAh, B R BRI, ) e A%
NS T T e LR VEAE TIUDRS 2B e R R AR
BN ER. Rt, EAJEBETE, el
UK B b R A AR R = 5, AR
BORET, HARRREYEA R, W 5 AR i
HIE

4 i

4.1 [ o HURR V2 N T o FELAR V234 T e e EL sl Ak
FH B840 25 B 1R 5 (R A0 AR AE . (EAH R EURE 2 T
10 17 o B V5 %) OO P S vy 05 00 o FEL A

4.2 FEWIERE S BCRAE 10% MO0 R, rlA v L
A AEL PR TIUDNORS BEATS i T A0 4R 623 AR st (1385 38 v 1
MeAME, H 3mSR oA LR A B s AR, i
HH AT 77 R B ) o AR v v R AR UE RS B (R 45 1F
AUk 10% W UEAE 1 s

4.3 Ppin] v B AR B b A 5 R R) S A
AT B —E FE M, AT RS

References

[1] Wu CF WulP Luo Y M, Zhang H B, Teng Y. Statistical and
geoestatistical characterization of heavy metal concentrations in a
contaminated area taking into account soil map units. Geoderma, 2008,
144:171-179.

[21 >0 K, BRI, BREESS. T PEHE A G R R R e R AR
JUR MR, 2006, 37(6): 707-709.
Liu B, Huang Y Y, Chen G F. Study on Cu content in cultivated soils
and its influence factors in Guangxi. Guanxi Agriculture Science,
2006, 37(6): 707-709. (in Chinese)

[3] EJuRe, &, A 3, TR MG TrRAE R N .
e, 2005, 25(4): 307-311.



8 3§

P o\ Bl P SR B B ) v SR B AR RO AL

2835

(4]

(3]

(6]

(7

(8]

(9]

[10]

(11]

Tan WN, Li Z A, Zou B, Ding Y Z. The application of geostatistics to
soil science. Tropical Geography, 2005, 25(4): 307-311. (in Chinese)
BRI, MRS, ) B S = A P X MR R KRR T
ZE (AR SEAERTTT. YRR, 2006, 37(6): 1071-1075.

Yang R J, Yang J S, Liu G M. Spatial variability of groundwater
properties in some typical areas of the Yellow river delta. Chinese
Journal of Soil Science, 2006, 37(6): 1071-1075. (in Chinese)

AR, Tiate. BT RE M HIEIR Y R ) S R, MR RS
AEEL2EAR, 2005, 11(5): 584-589.

Xiong H F, Wang Y H. Spatial variability of soil nutrients in wetland
of Liangzi Lake. Plant Nutrition and Fertilizer Science, 2005, 11(5):
584-589. (in Chinese)

W, ERME, AW, BT, S5 4R SR ) AR
FEPE SCRBE LTI, T R HXALBITL, 2006, 24(5): 59-63.
Wang J M, Wang J P, Hu Y M, Zhao Z Z. Studies on spatial variability
of soil nutrients and sampling methods in a field of chestnut soil.
Agricultural Research in the Arid Areas, 2006, 24(5): 59-63. (in
Chinese)

ERM, Tk AR, RIT, RIS, R, B, SR AL
S S SR AR ELAR F - SR ) A (e A SR R SR 0. K AR
2417, 2007, 21(2): 73-77.

Wang Z M, Zhang B, Song K S, Liu D W, Liu D W, Li J P, Huang J,
Zhang H L. Analysis of related factors for soil nutrients in cropland of
typical agriculture county, north plain, China. Journal of Soil and
Water Conservation, 2007, 21(2): 73-77. (in Chinese)

Wu J, Norvell W A, Welch R M. Kriging on highly skewed data for
DTPA-extractable soil Zn with auxiliary information for pH and
organic carbon. Geoderma, 2006, 134: 187-199.

%5, & B, IKmeR, RSO A B ARG G R
A (158 RS AR WY H A 223, 2006, 17(1): 97-101.

Jiang Y, Li Q, Zhang X K, Liang W J. Kriging prediction of soil zinc
in contaminated field by using an auxiliary variable. Chinese Journal
of Applied Ecology, 2006, 17(1): 97-101. (in Chinese)

M, Y, FEfrse, @MW), B FBh R EdE T L
SEsh oy A5 T B SR TL. AL TAE#H], 2006, 22(6): 49-55.

Li Y, Shi Z, Chen J L, Jin H M, Wang R C. Spatial forecast and
sampling of soil salinity by Kriging with temporally auxiliary data.
Transactions of the CSAE, 2006, 22(6): 49-55. (in Chinese)

2O, A, AW, SOBIRE SRR T AR A B 5
HLAR A (B RIHORES H IR BRI L. 324, 2004, 41(3):
434-443.

Li Y, Shi Z, Wang R C, Huang M X. Estimates of electrical

conductivity for coastal saline soil profile using Cokriging under

[12]

[13] Bk

[14]

[13]

[16]

[17]

[18]

[19]

different sampling density. Acta Pedologica Sinica, 2004, 41(3):
434-443. (in Chinese)

BIEAR, ZEfRIE, BREEST, R E. White. A& FH 137K 23 Fil kL 4y (14
(A1 S LD IR P AR A E. K2, 2001, 12(4): 460-466.
Hu K L, Li B G, Chen D L, White R E. Spatital Variability of soil
water and salt in field and their estimation by the Cokriging. Advances
in Water Science, 2001, 12(4): 460-466. (in Chinese)

V. ATUIM TS0 i e b e T R G B R ) AR S TS [D).
FUM: #HT K2, 2007: 100-110.

Chen T. Pollution and spatial variability characteristics of heavy metal
of vegetable soil in suburbs of Hangzhou city[D]. Hangzhou: Zhejiang
University, 2007: 100-110. (in Chinese)

MRS, AT AL AN B v G L3 B 38 Bam PRI s . 3%
5ERHE, 1999, 8(1): 22-25.

Chen S J. Effects of the amount of organic matter added on
fractionation and availability of copper in contaminated soil. Soil and
Environmental Sciences, 1999, 8(1): 22-25. (in Chinese)

L R AT, Rt RO A, 1999: 30-32.

Bao S D. Soil and Agriculture Chemistry Analysis. Beijing: Chinese
Agriculture Press, 1999, 30-32. (in Chinese)

Yang J, Huang Z C, Chen T B, Lei M, Zhang Y M, Zhang G D, Song
B, Liu Y Q, Zhang C S. Predicting the probability distribution of
Pb-increased lands in sewage-irrigated region: A case study in Beijing,
China. Geoderma, 2008, 147: 192-196.

T, JEAKEN, RO, TEEAE, MK SRR IR
I 2 (UL RO (KR H. - Il AR, 2005, 36(4): 531-535.
Jiang Y, Zhuang Q L, Liang W J, Shi C J, Ou W. Application of sptial
variability in long-term site-specific observatory study of soil
properties and sampling strategy. Chinese Journal of Soil Science,
2005, 36(4): 531-535. (in Chinese)

PRGN, R, SRBIM, TR, EE@E. AR Rk
LIRATHURCE RS AR . AR AR, 2006, 26(2): 349-356.

Feng N N, Li T X, Zhang X Z, Wang Y D, Xia J G. The spatial
variability of the content of organic matter in hilly tea plantation soils
with different sampling scales. Acta Ecologica Sinica, 2006, 26(2):
349-356. (in Chinese)

FRIRHM, sAIE, 3 kR, TARJE, ERA
Ingrid Oboern. R SRR HREHEHD 1A S HT . B HFNER 1
i3 ¢ S SLIRBN A FWFFE. T3, 2005, 37(1): 41-47.

Zhang Q L, Shi X Z, Huang B, Yu D S, Wang H J, Blombaeck K,

Karin Blombaeck,

Oboern I. Characteristics of spatial variability of soil available lead,
zinc, copper and cadmium in a vegetable base in the suburbs of

Nanjing. Soils, 2005, 37(1): 41-47. (in Chinese)



2836 eE VSO S 0%

[20] 5& T, FJEAL 4B H MR Ok, ATEEME. HENEX LT 4R R [24] HBM, BRG, wab, B, B & A5 R BB+

LA RS 575 BT, B A2 274, 2007, 18(6): 1346-1350. ST G B 5 B VP B R R A W —— DI IR A Bl T D 1.
Chao L, Zhou Q X, Cui S, Chen S, Re L P. Profile distribution and KTtk 75 Y5 5 R, 2007, 16(9): 674-679.
pollution assessment of heavy metals in soils under livestock faces Xiao S S, Huang X J, Peng B Z, Pu L J, Chen Y. Analysis of heavy
composts. Chinese Journal of Applied Ecology, 2007, 18(6): metal pollution and assessment of its environmental effect in
1346-1350. (in Chinese) developed areas A case study in Kunshan of Suzhou city, Jiangsu
[21] & HE, sE2E ., BEREMS. b Bl R AR, 2007 Province. Resources and Environment in the Yangtze Basin, 2007,
179-180. 16(5): 674-679. (in Chinese)
Zhao Q G, Shi X Z. Introduction of Soil Resource. Beijing: Science [25] PN, EShiE, MIRER. HbZEih 2% 0r iAW se il . kR i,
Press, 2007: 179-180. (in Chinese) 2004, 19(2): 268-274.
[22] AR, EE4, & K M B, B HL TR LR Sun Y J, Wang J F, Bai Y C. Study on progress of methods in
oA oG P, HHEEHR, 2007, 38(2): 357-360. geostatistics. Advance in Earth Sciences, 2004, 19(2): 268-274. (in
Li Q Q, Wang C Q, Li B, Yang J, Yang Y. Spatial distribution and Chinese)
pollution assessment of soil arsenic in the Chengdu plain. Chinese [26] ki, o B, BXICE, 2= @, BRI, SN EE. M7 ERX
Journal of Soil Science, 2007, 38(2): 357-360. (in Chinese) AFERE N EEAES SR OAMEE. LR, 2007, 44(5):
[23] A% 0%, sktis, 2= e, B0 B ugEfe. pCHSP R L3R Hg A1 885-892.
Pb (W73 341 S g R Z I, A FREERL 22224, 2006, 25(3): Zhang S R, Sun B, Zhao Q G, Li T, Chen M M, Huang L Q.
745-750. Distribution characteristics of soil nitrogen at multi-scales in hilly
Dai Y, Zhang S R, Li T, Wei S, Liu Y H. Spatial distribution and region in south China. Acta Pedologica Sinica, 2007, 44(5): 885-892.
influencing factors of soil mercury and lead in Chengdu plain. Journal (in Chinese)

of Agro-Environment Science, 2006, 25(3): 745-750. (in Chinese)
GifEHmt o)

MIMIT IR 2010 &£ (PEESKIWFIR)

ChEARRN AR dirh EEEEBeE A 5 R G B i h BAES 2T A2 0, P EEBEER R, Bl ot
WA SOOI R ERE OB, 28 B0 ERR AR A SO 55 R A [ B AT FR e LA Hp R
SISCEAR R o A T 4 SOBOHR PR 55 22 SR R ARG Rz o SR3REE = . T 4 [ A b O 75 0 R — S5 22 R e Ja by f
FAITI, S = R LA T I T

(P EAESAZERY FEREARN AR EEZE L TIE SR RN AERETE KA O 5 S
WVERFTORA . & T AR AR RS ARG USRI SNBSS BRa S T, Rl Rk
IS L AR R 2 A AR B KB B b 5 5 B R

CrPEAESRAERY ENAMATTRAT, BEATIS CN13-1315/S, EERFIS ISSN1671-3990. XA T, EEstrdEX 16 IT
A, 192 5, HWIEM 35 J6, A4 210 6. WERACVS: 82-973, A[E& MM R FIT I, J1T % AT RS g i AT
(75 53 IR 24.00 76D -

bk WAEE A KT RS 286 5 P EAERRVAER) I (050021
FLiE: 0311-85818007; f&E(: 0311-85815093; Khik: http://www.ecoagri.ac.cn, E-mail: editor@sjziam.ac.cn





