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Ordinary Kriging Interpolation and Smoothing Effect Correction
for Soil Texture Mapping in Hetao Irrigation District

WAN Heyang QI Hongwei SHANG Songhao
( State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract; Spatial distribution of soil texture is important for soil improvement, irrigation and drainage
management, and rational utilization of water and land resources, which is usually obtained by spatial
interpolation methods like ordinary Kriging (OK). However, OK generally has the smoothing effect that
high values are underestimated and low values are overestimated. For soil particle-size fractions and
texture interpolation, four logratio transformation methods, including additive ( ALR) , centered (CLR) ,
isometric (ILR), and symmetry ( SLR) logratio transformations, were firstly used to deal with soil
particle-size fractions as compositional data. OK was then used to interpolate the transformed data.
Finally, a model based on the back propagation neural network ( BPNN) was developed to estimate the
residuals between the observations and OK estimations to correct the smoothing effect. Results for the
Hetao Irrigation District showed that the four logratio transformations had a discrepancy in correcting the
smoothing effect. Generally, ILR had the best performance in reducing the smoothing effect. Compared
with OK estimations without logratio transformations, the range smoothing rates ( C,) of ILR were
decreased by 5.8% , 33.8% and 45.6% , and the standard deviation smoothing rates ( C;) were
decreased by 38.6% , 53.9% and 60.2% for clay, silt, and sand particle-size fractions, respectively.

Furthermore, the smoothing effect was obviously weakened and the interpolation errors were decreased
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after correction by BPNN model, where C, and C; values were reduced to 0 and 0.03 ~0.07, and the
root mean squared errors were reduced by 19.8% , 21.0% and 14. 6% , respectively. Therefore, the
present correction method can not only weaken the smoothing effect caused by OK but also improve the
interpolation accuracy. The spatial interpolation results obtained after the correction showed there were
mainly five soil texture types in the Hetao Irrigation District, including sand, loamy sand, sandy loam,
loam, and silt loam. The sandy soil mainly distributed in the western part, loam mainly in the central
west, northeast, and southwest parts, and silt loam in the north part and south part close to the Yellow
River. In conclusion, the OK interpolation results can better reflect the spatial distribution pattern of soil
texture after the correction of smoothing effect by using the logratio transformation and BPNN model,
which also provided a reference for reasonable utilization of water and land resources in Hetao Irrigation
District.

Key words: soil texture; ordinary Kriging; smoothing effect; logratio transformation; back propagation

neural network ; Hetao Irrigation District
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Normal quantile-quantile plots for original and logratio transformed data
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Fig.6  Evaluation results of residual prediction model based on ILR — BP
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Fig.7 Comparisons between observations and cross-validation results before and after smoothing correction
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Fig.8 Comparisons of soil texture types for original samples and cross-validation results before and after smoothing correction
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Fig. 9 Spatial distributions of soil particle size fractions before and after smoothing correction
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Fig. 10 Spatial distributions of soil texture types before and after smoothing correction

TEMERE X, 1 2 ~3 AR it S — ik,
L R KRS, iU E IR R IX Y
T AL R AT SR ORI R )E 0 ~20 em 1B
HARFEME, B4 ILR - BP BB IE 2 J5 1 &
T DX 45 o AR R R ER R O, N 2 IR Bk
Uy 1 4 %) T A B Ak B 41.7% F 27.3% ,
HEE T 2/3 DL LW TE AR R, i
15.8% ;W0 - FE > £ A5 10% ; H4x 3 Fdi e

RN 5 1. 4% Fi A,
3 i
3.1 mEFRAEERERENXR

0 L 4 T 0 S T SO A e (ELAER A AN A
MRS, 7 e RoR R B T R
P B8 22 1 0 SRR o 22 - T R, DA SOOI 8 IR JEE A
AR S Y- 8 S0 o Ae (LA 2 2 FH OR824 1 285



348 g BLoB ¥ R 2023 4
x2 WMEERRIERMABMERRMBENEALLL
Tab.2 Areas and proportions of different soil texture types in Hetao Irrigation District
28 gt Lk . b BT % 4 w4t HepEb £ WML BEFE L Fid+
T 1L/ km? 5111.0 3349.7 1932.9 947. 8 759.0 90.7 46. 6 29.2
5 el % 41.7 27.3 15.8 7.7 6.2 0.7 0.4 0.2

FERAERG B R FR AT, AR ST T OoR AR Tz 1
o X1 25 R I R R 25 K R o P T RO M (E R
JEZRFAE— BB R AR e 2 R A ARk

PIIE 2 85 Ay 17 B 04 A 25 1 T 238 01 38 48 %o 432 2
S o e bl 2 7 1 R R e B KB RN R/ ME
OEGIRIEN I SRa'aR 70 52 = N N il i S O & T (MR ]
(B BE o T35 4 358 22 (R T H B R S0 T A B AR A 1 4
HIRZEAH BN, YR WA G E 222, N
XA BER 022 1 i 62 4 BT 4 4 X 1% 22 11 —
PR o A 28 e A (B ik e R e ) A 1R 22
BRIV INMEL R BE N K, T LA AR A B R 2R R
B2 A 1T B 3 50T 9 2650 s /)N T A (RS 3 20
PSR, a0 ILR — OK (i {E 45 s . (H A0
A it (P4 978 115 25 /DN 174 () B, At A A A 119 15 22
AN [ T2 B b0 /)N | T S T 2550 vz 0 A (4 B
[i) B 75 3] e 56, 4 ILR — BP [0 45 SR i . Rt
V-3 RIS R 58 4 P A (RS B, P WA AR TR 4
XF B[R] 22 AR OC R o
3.2 XEE bk i3t B SR B9 B2

Xof B30 L B 8 g Ak B BHE R 5 L T
B A3 A s B A AR R B A R A TR o T
PR P I, T B R R e A S bAh B
BRiT 5 RO 10 o0 A5 F0RE 4 5 oA BTk s . MR AT
NEIFFE 2 50 o — A i 4% Bl 38 R 0 A O
MR B 3 Wt TiX —25i6, MWIE 3 /LA
2, BRAS B i (8 22 A W EE , IE AP SE A5 3 1k
5  AHZ [ B U B T X B8 L A 4 AN BE AR A Ak 38 A
T it 1 1 1O o

XoF B30 L B 480 30 2 55 W 4 {45 SR 1 T T . AR
Bl 4, 25 6B e e 4 5, 4 B UKL B o 475 (E 25 SR 1Y)
S PE R AR AR B T — 8 0 (ORI A 25O T R
BRAL) o RIRE A P 5 40 5 0 Bt B 1 4 i E S
PR, (75 48 18 25 5L 1 ge THREAE 5 5 R R0 8 i — 2,
e 25 g R TR A 25 - W R AL T /N o (] B AN [ A %
BB T S 1 ) 1 R AN TR] L H 22 R K
MABFSE AT LA ), ALR il CLR R HAH L, F 22
PR R P 27 1 3 40 26 L, SLR Al J2 2 T ALR
CLR (% J5i 3 A7 e i, R LA o 22 — 8k fH 2 ILR
Xof 7T P A R BOR AR B B, T RE S Kl TLR %
7 45 4 Aitchison 73 [i] v [ B o (9 5 4, 02 B A%
X B AL B D7

3.3 ILR-BP BEKEMNERRS EMKEH &

i bb

o L 470 {8 194 T 9 00T 3 B DR PR L 4 - R
i L 47 1 94 A IR S S 0 R P I AT 2, 4 (1 4%
SRR SR M, PR A 48 3 5 AN B
WA ARG 25 L o AR AT A B 22, 45 Sk £ B e
i 1) S A S R0 s A P S O AR B8 i
ZARIE AR AR T S AR RE R D, 7 AR 25 R
B S s (A8 S L . O S e RS 6,
B f 1 1) v R A S BRI R, B R Ik X IR
A ik 23 V) A S i AR (ELTE SR S A
220671 5 R B A5 B BRI 1 A S bR Bk Y T L
BRI AR AR, 1A R R B Bt F v, &
I D06 B r 1) — S 2 A8 S R WL i A 4
(2R BA — B WM, B S SO (45 B 10
S (R b R AT M T 2 — R A, B
T () A3 476 {45 SR S i K o S I P RO S
TE L G v ) — B I A A R, A RS A Y
HOUE TR W B X LR RO BE ST B AT 0

Fhy BT DL 40830 5 (R A9 R /DN B 8 47 1 25 190 328
UL S WA (45 R E R E . AR
A HH 0P e — i 23 IV B HE 9 4 A8 5 B4 A
ABRAE 38 5 BP o 22 00 45 52 50 1] 2, 2 57 40 30 5 4%
F 5475 {1 45 SRR 25 10 56 2, 45 A 0 B L s 4 b 1
#7 T ILR — BP RGIEAEA, TLR #3520 T
Qb B RS R 7 B (S A A 1A 5 xR
P 3k P B AR T O T BT R AT, S BOME S {1 9 (i
TN H A B A, — R LSS TP
WEPE L ME— 2555 T TR AR A BP b ) 4 A
T {9 J A B8 5 3, by T T Ak 25 LR 48 IE 4
(L5 50 | KB AN RE AR A5 375 (15 2 8 2 R [ P Dol /s
U2 A S 9 10 5% A 75 0 ) 0l PR O
30T B 5059, [ A A (DA A TR T

ILR — BP #5043 DL 4% 5 . 1 56, BRAg 8, R
T G BAE, FU B A IS A A
T 5% 22 109 40 A BRI AT . i YAMAMOTO ' 42 i 11y 77
R TR ME 2 BOR RS IE, T A — RS gt
WL R 4%, HOR ILR — BP A5 A% 0F 2R W
B, 7 AR A (R R A R b B AR R L
{9 -9 M . YAMAMOTO' ™! £ 1F J7 3 o i i %
o7 ) o FEL 4 2 9 1 A o0 22 %50, A IR I ok MO 2



%13

TR 5 EE X LB v BL G 4 (B 1 9 800 A IE 349

JRy R AE 7 B 4 ik 2 op s B A2 4 T ] — o8 —k Jal
VA S U SRR AP B 2 (0 LA, ERAR A T B, (H R R AR
SR BN — 7 B B W LS LA 5 T AR SC Y
ILR — BP #8753k B 5L T HLan 2] B 5 6e ) ok .
55 ILR — BP B8 )5 VA WA 7 — 2 19 Ja B, BV X
FAE A B BRI AR UKD AT RE TRk
SRR B E ALY
3.4 MEERTRZEASHNEIEEDH

T 5 P DX P T T b R R B RO
Ji, PRI G v (g B B R Aok BT iR e v, AR
b B m A HEXPE AR AL T B TR
iz 2y 4 e A CRRAE T, b it 1 0K O R, 17 T
1) UKL ST 4, PR b A b 32 43 A 7R E DX S R R AR
BB Z R B R AR R, (H2 BT N ZE T B R A
KR, il af e W4, b A e
A TP DX, XA T T XA A R L E X R
B A KNS — B0 B 31 J2 803 oh B
DLAIE, 5ok BT NEMAENG Zh 15 e 3 17—
(ORI =S

4 i

(1) 557 068 20 L P 4 1) 38 3 e FEL 4 0k o~ 98 2

AT — 7 B AR AN TR 3 48 3 1 i R
AHIF . ALR fil CLR R0 — 8, 7B FH 261, SLR
(R 4035V FH e /0N TLR B 3803 o i, Bl 3% s B9 286 R
oA RS KL 1) % 1 22 5F W R AK K A 0.22.,0.20 FI
0.15,

(2) T ILR 5540 1 BP i 28 0 45 #1245 & (1 4%
IEBEHRY (ILR — BP) RE % 4t Hb 1) 555 5 B 4 4 v 1)
SV RN o A% IE Y AL 4 58 U UE S SR R 2
SRR O, AR IE 2251 %k 0..03 ~ 0. 07, [R] i 371y
2 3% 1 25 RN O KR AR 25 FRAT — 28 1Y R B X 16 R
Ve AT B L 1 TR) B (EDRS B A T R

(3) 1 1E J A - 198 AT 4 B AT S5 i 28 75 ) 2 (i)
3 A SRS 40, J) S AR AE S 0 B &, O FL AR 5 AR 4 M
W JFEREAS R AR, 70 AR i (B 1 R I 1 T4 G SE B
T 5 X P R UG S R R A g R
G AT AE TP PG R ARG ES AR B L Ry 4 Ay
Ay A T R Rl P 42 0 BT Y b X

(4) 3T ILR — BP {3538 5o B 4 1 AN H RE 42 fi
P43 B0 233 10 4 A In) A8, () B 68 4% 1) 55 4 {FL 114
ROV, A5 30 A Ry S ) X 3 R b A A, AT
X K £ 2 B8 A 90 RN K A W U5 R o) 48 fE T Al

& % x Wt

(1] skifsc, EMEE, XU, & LR s R0 J7 ik bR [T ], Aol TR 24, 2011, 27(1) : 332 -339.
ZHANG Shiwen, WANG Shengtao, LIU Na, et al. Comparison of spatial prediction method for soil texture[ J]. Transactions of

the CASE, 2011, 27(1) ; 332 -=339. (in Chinese)

(2] ki, SRERR, JHEE S, S5 P52l X X 0 38 ol 2 () 28 S A A —— LA R o 1 [T ). T R IX B IR 5 5

B, 2015, 29(12) . 155 - 163.

ZHANG Na, ZHANG Dongliang, QU Zhongyi, et al. The spatial variation of soil texture in Hetao Irrigation District in Inner
Mongolia[ J]. Journal of Arid Land Resources and Environment, 2015, 29(12) :155 = 163. (in Chinese)

(3] Was, wpans, 298, LK 23 A6 E 09 50 B4 VI RN B IE 7 [T]. KBL# kR, 2010, 21(2) : 208 -213.
YANG Yuting, SHANG Songhao, LI Chao. Correcting the smoothing effect of ordinary Kriging estimates in soil moisture
interpolation[ J]. Advances in Water Science, 2010, 21(2): 208 —213. (in Chinese)

(4] 20, BB, JEIIk, 45, JRIATHh il S U0 3 T K oz 23 1)

SRS I]. K kWK, 2015, 34(11); 106 - 115.

LI Jiang, HAO Xinmei, FAN Linlin, et al. Spatial variability of groundwater level in midstream oasis of Heihe River basin[ J].
Journal of Hydroelectric Engineering, 2015, 34(11): 106 - 115. (in Chinese)

[5] AITCHISON J. The statistical analysis of compositional data [ J].

( Methodological ) , 1982, 44(2) . 139 - 160.

Journal of the Royal Statistical Society: Series B

[6] EGOZCUE JJ, PAWLOWSKY-GLAHN V, MATEU-FIGUERAS G, et al. Isometric logratio transformations for compositional
data analysis[ J]. Mathematical Geology, 2003, 35(3): 279 -300.
[7] MCBRATNEY A B, DE GRUIJTER J J, BRUS D J. Spacial prediction and mapping of continuous soil classes[ J]. Geoderma,

1992, 54(1): 39 - 64.

[8] WANH, LIJ, SHANG S, et al. Exploratory factor analysis-based co-Kriging method for spatial interpolation of multi-layered
soil particle-size fractions and texture[ J]. Journal of Soils and Sediments, 2021, 21. 3868 —3887.
[9] LIJ, WAN H, SHANG S. Comparison of interpolation methods for mapping layered soil particle-size fractions and texture in an

arid oasis[ J]. Catena, 2020, 190 104514.

[10] ODEHTO A, TODD A J, TRIANTAFILIS J. Spatial prediction of soil particle-size fractions as compositional data[ J]. Soil

Science, 2003, 168(7): 501 -515.

(1] MR, BRZR. T BEASOH) SR Jm B O [ B0 dis & 45y 1 B HC ek 25 NG 45 R s [T ] AR 35284, 2009, 29(6) = 3147 -

3153.

TAN Manzhi, CHEN Jie. Different transforms of fuzzy membership values of sampled soils and theirs influences on resulted
interpolation prediction[ J]. Acta Ecologica Sinica, 2009, 29(6) : 3147 -3153. (in Chinese)
[12] YAO T. Conditional spectral simulation with phase identification[ J]. Mathematical Geology, 1998, 30(3) : 285 - 308.



350 g Ak Bl ¥ R 20234

[13] OLEA R A, PAWLOWSKY V. Compensating for estimation smoothing in Kriging[ J]. Mathematical Geology, 1996, 28(4) :
407 -417.

[14] JOURNEL A G, KYRIAKIDIS P C, MAO S. Correcting the smoothing effect of estimators: a spectral postprocessor[ J].
Mathematical Geology, 2000, 32(7) . 787 - 813.

[15] YAMAMOTO J K. Correcting the smoothing effect of ordinary Kriging estimates[ J]. Mathematical Geology, 2005, 37 (1) :
69 -94.

[16] YAMAMOTO J K. On unbiased backtransform of lognormal Kriging estimates[ J]. Computational Geosciences, 2007, 11(3) :
219 -234.

[17]  Brgs, #i«, E/R, . 55 0L G (8 7 1 2800 AL IE BRI B 5 2% bl 5l B IR [T ). E Aol B %, 2013,
46(3): 564 —574.
DUAN Jianjun, LAI Fei, WANG Xiaoli, et al. Correction of Kriging’s smoothing effect and suitability of selenium rich tea
garden in Fenggang County of Guizhou Province[ J]. Scientia Agricultura Sinica, 2013, 46(3): 564 —574. (in Chinese)

[18] WANG L, ZENG Y, CHEN T. Back propagation neural network with adaptive differential evolution algorithm for time series
forecasting[ J]. Expert Systems with Applications, 2015, 42(2) . 855 - 863.

[19] VP50, XIBOG, 9. 5T IBAS - BP ik M4 /N E R R LIRS KRR T]. R PI:HR, 2021, 52(2) .
294 -299.
XU Jinghui, LIU Zhengguang, ZHOU Yubo. Prediction model of root soil moisture content of winter wheat based on IBAS — BP
algorithm[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(2) : 294 —299. (in Chinese)

[20] FEVHEE, SECR, KR, 4. LT TOPSIS F1 BP Hi 48 M 4% (¥ i br A 254 1000 [T, A HULAR 24, 2018, 49(3) :
196 - 204.
LU Yahui, YUN Wenju, ZHANG Chao, et al. Multi-characteristic comprehensive recognition of well-facilitied farmland based
on TOPSIS and BP neural network[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(3): 196 —
2204. (in Chinese)

[21]  BkA:, VL#F, $3CUL, 5F. Sentinel -2 FARF BP M & W 45 45 5 M /N R BB e W vk [T Rl TR 224k, 2019,
35(17) . 178 - 185.
HUANG Linsheng, JIANG Jing, HUANG Wenjiang, et al. Wheat yellow rust monitoring method based on Sentinel —2 image
and BPNN model[ J]. Transactions of the CASE, 2019, 35(17) : 178 —185. (in Chinese)

[22] WEN Y, SHANG S, RAHMAN K U. Pre-constrained machine learning method for multi-year mapping of three major crops in
a large irrigation district[ J]. Remote Sensing, 2019, 11(3) . 242.

[23] SHOKRY A, ESPUNA A. The ordinary Kriging in multivariate dynamic modelling and multistep-ahead prediction [ J].
Computer Aided Chemical Engineering, 2018, 43. 265 -270.

[24] WANG Z, SHI W. Mapping soil particle-size fractions: a comparison of compositional Kriging and log-ratio Kriging[ J].
Journal of Hydrology, 2017, 546 526 —541.

[25] 2. L3R M2 ) A8 S et e A AR BT 2P [ D] Jbat i AR K%, 2009.

LI Chao. Spatial variability analysis of soil moisture and field drought assessment[ D ]. Beijing: Tsinghua University, 2009.
(in Chinese)

(#3388 I1)

[33]

[34]

[35]

[37]

[38]

[39]

PVEVR, 6 DU Bk, S R AR VAR R A0 B BAR FR IR K SG IR A A [T ). VR 24,2022, 48(5) : 1081 - 1090.

SUN Simin, HAN Bei, CHEN Lin, et al. Root system architecture analysis and genome-wide association study of root system
architecture related traits in cotton[ J]. Acta Agronomica Sinica, 2022, 48(5): 1081 —1090. (in Chinese)

FA, A MR A, AR KBTS WE R A AR AL B AR R AT S [T]. AR AR R AR 2 (A AR B L 2006,
37(4): 603 -608.

WANG Wei, LI Guangyong, FU Chenjia, et al. Effects of water quality and irrigation frequency on root distribution of cotton
seedling[ J]. Journal of Shandong Agricultural University ( Natural Science Edition) , 2006,37(4) : 603 —608. (in Chinese)
EM WALV AE BT DSSAT KR R SRR T IR AR AL AR R 5 P B [T ] Al B 2 4% ,2022,53(9) <314 - 321.
WANG Xingpeng, XIN Lang, DU Jiangtao, et al. Simulation of cotton growth and yield under film drip irrigation condition
based on DSSAT model in Southern Xinjiang[ J]. Transactions of the Chinese Society for Agricultural Society,2022,53(9) .
314 -321. (in Chinese)

ERE, I NREE S R R T 38 X p SEAR 78 th i e s [ 1] A0l TR 274 ,2010,26(9) .28 - 33.
WANG Chunxia, WANG Quanjiu, LIN Jianjun, et al. Effects of mineralization of irrigation water and soil salinity on cotton
emergence rate in Southern Xinjiang Uygur Autonomous Region of China[ J]. Transactions of the CSAE, 2010, 26(9) : 28 -
33. (in Chinese)

TR F , E NS BRIT B, A A AR WE AR T AR K B 7 S AT S [T ] B BUR R 242441 ,2013,25(4) : 18 - 23.
ZHANG Yongling, WANG Xingpeng, CHEN Kaiming, et al. Effect of water and salt on cotton yield under winter and spring
irrigation[ J]. Journal of Tarim University, 2013,25(4) :18 —=23. (in Chinese)

e, HT K G IR A (2006—2012) [ EB/OL]. http: // data. tpdc. ac. cn/zh — hans/data/4e2e9d54 — e36¢ — 4c42 — b652 -
89954dd8bbe9/ .

AL TR YA XS () K4 T 3RAK BT IR PE 2 R IR A B ™ A% 7K B U5 A5 S B (3 N [ 2] 2020 — 12— 25.



