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Fig. 1 Location of study area and spatial distribution of sampling sites
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Table 2 Coefficient matrix of soil ECi under three sampling dates
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Statistical characteristics of soil ECi from 160 sampling points under three sampling dates
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Table 3 Deviation index of the Kriged contour

maps al three different sampling dates

B LR A P W 2= 5 4L
alie 0.103
bhe 0. 167
alyb 0.13

EC,/mS-m™

A 1 <0
EE an~80
e 80~120
ke 120~160
Bl 160~200
EBR 200240
B 240~280

= M 230

0.1 0 0.1 km

c. 2005541

B2 3ARAENT I L L4 B, 2 A SR 2R P (160 £F £0)

Fig. 2 Soil ECs distribution at three different sampling dates( 160 samples)
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Fig. 3 Semivariograms(left graphs), residuals semivariograms(right graphs)

and their fitted models and parameters under different target variables
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Table 4 Estimation precision of ordinary Kriging. coXKriging and regression-Kriging
according to soil ECui2000s under different samples
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Table 5 Results of the paired—samples T —test of interpolation
error for ordinary Kriging, ordinary coKriging and
regression—-Kriging with different samples
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Fig. 4 Results of spatial interpolations with forty target variables

6 % it

I TR] — s A JUA I B b - 38 5 43 Kl kil
SR — I B £ 23 HEAT T FRE TR 2 KA e H A
5 IRy V0 i ik DX Bt - 9 A 43 0 K 300 5 8
HAREZE L AW LIEE 5 LA A D S5 7%,
5 H AR IR RO H AN D (15 50 1, 300 9 304
B RS P 6 73 Bt R B 1) S ST A VR [ U 5 ST A%
N AR AT T I O T SR FR RS, R H
ARARHEAE R H D 2 J5OR G 174, R T 4l Bh 22 B
v 1) 8 S A AN ] VA 5 SRS VAL AR 5 T R 23 1)
27 () A% A L o TN 2 b, 55 W3 [ B SEAS VA AR EE, R4
SENLAR SRR B, B T 9B, BRI 2 K /b, 1l
45 RIAF MF TR [0 50 SEARVEA g —Ff 5E A R A0
22T 7 iR B /D FLAE LI A A e, sl [R] — 23 )
A7 EAS R B B A2 EREAT A 6, AR AT DUKOK 3R A U
R, 10 ELAT LA RAEECH , 3548 RAE R A . JE L[]
YA 5 AR T2 IR (BT U130 23 7T DA S — R R 2R PR B RY, th mT LA
REARLR PERRY, JoRE FAT AR W 4 1 RS PERUE I

[ % X ik

[ 1] Shi Zhou, Huang Mingxiang, Wang Renchao. Detection
of coastal saline land uses with multi4temporal landsat
images in Shangyu city, China[J]. Environmental Man-
agement, 2002, 30( 1) : 142- 150.

[2]  Shi Zhou, Huang Mingxiang, Li Yan. Physico-chemical
properties and laboratory hyperspectral reflectance of
coastal saline soil in Shangyu city of Zhejiang province,
Chinal J]. Pedosphere, 2003, 13(3): 111- 120.

[3] WulJ. Norvell W A, Hopkins D G, et al. Improved
prediction and mapping of soil copper by kriging with
auxiliary data for cation-exchange capacity[J]. Soil Seci
Soc Am J, 2003, 67:917- 927.

[4] Webster R,
isarithmic mapping. IlI: Changing drift and universal
kriging[ J]. J. Soil Sci., 1980, 31: 505- 524.

[5] Stein A, Van Dooremolen W. Bouma J, et al. Cokriging

Burgess T M. Optimal interpolation and

point data on moisture deficit [ J]. Soil Sei Soc Am ],

[6]

[7]

[8]

[9]

[ 10]

[ 11]

[ 12]

[13]

[ 14]

[15]

[16]

1988, 52: 1418- 1423.
Chang Y H, Scrimshaw M D, Emmerson R H C, et al.
Geostatistical analysis of sampling uncertainty at the
Tollesbury Managed Retreat site in Blackwater Estuary,
Essex, UK: Kriging and cokriging approach to minimise
sampling density[J]. The Science of the Total Environ-
ment, 1998, 221: 43~ 57.

Odeh T O A, McBratney A B, Chittleborough D J. Spatial
prediction of soil properties from

landform attributes

derived from a digital elevation model[]J]. Geoderma,

1994, 63: 197- 214.
Odeh 10 A, A B. Chittleborough D J.

Further results on prediction of soil properties from

M cBratney

terrain attributes: heterotopic cokriging and regression—
kriging[ J]. Geoderma, 1995,67:215- 226.

Hudson G, Wackernagel H. Mapping temperature using
kriging with external drift: theory and an example from
Scotland[J]. International Journal of Climatology, 1994,
14(1):77- 91.

Tomislav Hengl, Gerard B M Heuvelink, Alfred Stein. A
generic framework for spatial prediction of soil variables
based on regression-kriging[ J|]. Geoderma, 2004, 120: 75
- 93.

WSO AR, 25 O L] PR S, SFL AT R IR Sy BER 2 19 47 ()
A A B SL R LR A A 0] KB R, 2001, 12
(4):460- 466.

A OHE, L R, G A R k) I S R 1)
0, S AN AR B A 1) FORE 23 H ity L BRWIT A 0] . L H s i,
2004, 41(3) : 434- 443.

FBRL G A E AR IR M. dbst: BHE
Ji AL, 1999.

TRE R, DA, WA, AL R AL U kAR o AR 4y
S A WESEL 0] . R, 2001, 32(2) 1 57— 59.
Costantini M, Farina A. Zirilli F. The fusion of different
resolution SAR images|[]J]. Proceedings of the IEEE,
1997, 85( 1) : 139- 146.

Chien Y J, Lee D Y, Guo H Y,
analysis of soil properties of mid-west Taiwan soils[]].

Soil Sei, 1997, 162: 291- 297.

et al. Geostatistical



35 6 14 A HEAE Rl B P A T g A 40 ) T AR PRI AT 55

Spatial forecast and sampling of soil salinity by Kriging

with temporally auxiliary data
Li Yan, Shi Zhou™, Chen Jieliang, Jin Huiming, Wang Renchao
(Institute of A gricultural Remote Sensing and Information Technology, Resource and Environment College,
Zhejiang University, Hangzhou 310029, China)

Abstract: The study examined the performances of two interpolation methods which allow to account for auxiliary
data: coXKriging, regressionKriging and tested against ordinary Kriging, to improve the interpolation of soil
salinity. The prediction accuracy for the three methods was evaluated in the different sampling densities of the
variable of interest by comparison with another group of 80 validation sample points. Results show that whatever
the sample size of target variable decreased, co—Xriging and regression-XKriging performed better than ordinary
Kriging using auxiliary variables. Moreover, regression-Kriging performed on average more accurate predictions
than coXKriging. The results of the T +test of interpolation error for ordinary Kriging, ordinary co-XKriging and
regression-Kriging with different sample sizes indicate that regression-Kriging has the lowest interpolation error
than ordinary Kriging and co—XKriging and significant reduction of the interpolation errors is achieved. So,
regression—Kriging shows promise for predicting the subsequent soil properties form previously temporal data, or
for predictineg sparselv located soil proverties from dense observations. Moreover. in reeression-Krigine. the
regression model can be more flexible, such as generalized linear models or non-inear models, which provides a
possibility to include more ancillary variables.

Key words: auxiliary data; soil salinity; co—XKriging; regressionKriging; sampling size; prediction accuracy



