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Fig. 1  Distribution of soil sampling sites in Fenggiu County
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138 2.44 5.94 5 766 2 000 58.8 354.0 544.3 8711 2 000 35.0
207 4.93 7.23 18 700 2 000 31.8 533.0 635.9 11 729 2 000 16.2
277 5.87 7.44 10 653 2 000 21.1 489. 1 594.4 12 438 2 000 17.7
554 6.13 8.18 15 732 2 000 25.1 409. 1 581.3 12 930 2 000 29.6
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692 5.83 7.21 16 052 2 000 19.1 464. 6 590.5 11 739 2 000 21.3
761 6.83 8.65 16 678 2 000 21.0 450.7 628.9 13 781 2 000 28.3
831 5.81 6.90 19 805 2 000 15.7 486.3 660. 7 10 704 2 000 26. 4
1108 5.77 7.56 10 424 1 000 23.6 469.7 646. 8 11 853 1 000 27.4
1385 5.37 7.23 8 497 1 000 25.7 491.3 658. 8 11532 1 000 25.4
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3324 5.51 7.08 8 923 1 000 22.1 463.4 621.3 11 853 1 000 25.4

3 463 5.47 7.06 8 432 1 000 22.5 468. 3 627.8 11 853 1 000 25.4
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Fig. 4  Soil organic matter maps with the kriging method based on 277(a), 554(b) and 831(c) sampling sites, separately
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Wt ] P17~ S A G o, 2 ST 36 M 1 4 S R
5 WA A SC R B r A R (£ 3) HR B
AR o BLor EA Wi AR v Kriging 25 19 r {622 1k
DX (] de /0y, DA S ARTET 0 7 (B8 A DX 18] R O, 158 B i %
32 SR B S W N /N TS 2 R R OR, X
RRZEE — 2 FRRAYRE r (H 728 e B A7 22 PR A
AR, A 2R B Y r 8 728 A 15 2R A B8 A Y XU
B, EMHEAR —FHL. Ambl e L EL

FE (B 43 8 48 %) , A HL T Kriging 2% 1 Bl R
0.079;IDW 4 0. 144 DL S ST 750 0. 169, 2 B
LA e R N S IE R A =8 W O | 7 2 U R &
FVA R0 R 90 28 U A, N Rk, [mIAE, 07
R 15 2 A8 AL A B e 53 T T I A0 ) A 55 0t
EOBUNT B B 2 Il 9 7 B2 O W 2, H OB 2R R R,
W Kriging 2 IDW 32 1 DL s AR 17 725 5 AL A 1 2k 57
B A IR 9 34 7 AR 1 25 Bl RE UBOTE b 1 B 2R %
HA 0.016.0.061 F10.069 , 3% H D EHE(E4L) .,

x3 BMNEEXNEHEXRE rHBESHEHNTH
Table 3 Correlation coefficient r between predicted and measured values relative to number of sampling sites
B 5 % F LR Organic matter LA Available K H s Available P
Number PRP" IDW Kriging PRP IDW Kriging PRP IDW
277 0. 340 0.342 0. 465 0.231 0.369 0.428 0. 022 0.162
554 0.288 0.308 0.433 0.336 0. 498 0.519 0. 025 0.131
831 0.223 0.249 0.416 0.401 0.510 0.508 0.153 0.240
1108 0.325 0.416 0.470 0.293 0.359 0.519 0. 156 0.213
1 385 0.459 0.389 0. 462 0. 468 0.516 0.561 0. 037 0. 166
1 662 0.257 0.329 0.439 0.294 0.432 0. 500 0. 089 0.304
1939 0.350 0. 464 0.492 0.361 0.513 0.538 0.124 0.191
2216 0.414 0. 409 0.503 0. 496 0. 504 0.543 0. 191 0. 188
2 493 0.419 0.495 0. 485 0.528 0. 540 0.554 0.171 0.222
2770 0.390 0.411 0.489 0.433 0.488 0.531 0.200 0.217
3047 0.431 0. 485 0.494 0.521 0.531 0.562 0. 255 0.224
3324 0. 443 0.484 0. 480 0.499 0.529 0.557 0.129 0.179
3463 0. 403 0. 449 0. 495 0.493 0.532 0.553 0. 186 0.226

E:1) PRP: LRk . F A Note: 1) PRP: Polygon value represented by point value. The same below

*4

BIEEHARREBESHENTL

Table 4 Root mean square error (RMSE) of the verification dataset relative to number of sampling sites

B 5 K Bl Organic matter B Available K A Available P
Number PRP IDW Kriging PRP IDW Kriging PRP IDW
277 3.07 2.76 2.49 30. 11 26.95 25. 84 11.61 9.86
554 3.22 2.87 2.50 28.00 24. 80 24.53 11.71 9.97
831 3.17 2.95 2.53 28.00 24.56 24.55 10.75 9.55
1108 3.05 2.58 2.45 29. 66 27.19 24.53 11. 45 9.74
1385 2.76 2.66 2.46 26. 16 24.25 23.72 12.37 9.91
1 662 3.02 2.79 2.49 29.21 25.63 24. 66 11.12 9.18
1939 2.98 2.47 2.42 27.97 24. 49 24.24 11.07 9.68
2216 2.84 2.63 2. 40 25.43 24.59 24.01 10.73 9.75
2 493 2.71 2.41 2.43 24.51 23.92 23.86 10. 90 9.56
2770 2.83 2.58 2.42 26.57 24. 87 24. 12 10. 83 9.68
3047 2.71 2.45 2.42 24. 68 24.06 23. 80 10. 07 9.55
3324 2.61 2.45 2.44 25.10 24.10 23. 86 11.19 9.71
3 463 2.75 2.54 2.42 25.24 24.07 23. 80 8.05 9.55
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Table 5 Correlations between the CV map of the Ist round of multi-scaled assessment and the CV maps of the 2nd and 3rd rounds
‘ A BB R AR
ik Organic matter Available K Available P
Method
2 nd 3rd 2 nd 3rd 2 nd 3rd
Kriging 0. 66 0.65 0.65 0.68 — —
IDW 0.85 0.85 0.83 0.83 0.77 0.78
PRP 0.77 0.79 0.80 0. 81 0. 63 0.59
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simulation for OM
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Fig. 9  Error variance of Kriging (a) and distribution of variable coefficient of stochastic simulation(b) of soil organic matter based on 277 sample site
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Fig. 10  Soil organic matter mapping with the Kriging (a), IDW (b) and PRP (c¢) methods, separately based on 3 463 sampling sites
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Fig. 12 Comparison between soil available K maps based on 3 463 sampling sites (a) and on the kriging multi-scaled mapping method (b)
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Fig. 13 Comparison between soil available P maps based on 3 463 sampling sites (a) and on the IDW multi-scaled mapping method (b)

in variable coefficient

L2 AN TR A 70 - 98 % NS ) P B A R 2 S RS2 D
AT AT HLBTRIER 1Y 25 8] AS B 2 VE LR R — 20, +
S B L 0 AN 0 R 1 5 R R A A S RO
FEAR X 55 FLRE LA 0L A AN B M R B 35 22
S0 A RO O 32 N O i AR S R 4 )R Al (EDAS
AR, JR B AG (e AN Bl s v, ST

3 % i

JH M PB4 X He ST T I B R
il P 32 SR A 5ORE T 19 X AR - o P 45 2R AE Krig-
ing IDW 1L AT 3 R 073 T 3594 8™ 4 19 70 12
B [FVRE RO 25 75, Kriging 35 70 JE 2 Sz /D, 1l
G532 R BB WA /), DA AR S W e R Rl

http ://pedologica. issas. ac. cn



4301 PN BESE T 1A BT B A - A i) R 3k RUBE S0 F ST

793

VA o A 9 1 Al P o 191)

TR, e R S A Rk e dE e,
SEAPLBTIR 22, 7 S AT R fi O, RUEE R4 AL
5 ) L Xk G A ) A8 S 9 45 A8 P o 58 AT B X )
KA o T S 56 Ik KA 4R I L A S Bk R A A
KFRBr A7 AR 25 RMSE X i 818 B 17 ) 3%
W], r Al RMSE 72 4 i >R A 028 A e st K O 4k
58, A B4 78 % AT AR 19 25 8] 3 38 RUBRE 2800 AL
T HE I, 5N D i T S 6 I 580 A T T
RO X B — RUBE B4 2 3 A, (E T ) B RUEE
S80S ATF 5 ) AR

X T A Ak W A s 1) B BIL A R S O A A
PGSR ] 1] 45 2 B4 A 0 o 2 L [ A R R 24T
AFF A MG T2 i B 26 0F  (FCR AT IDW s A AR T
U5 T A M BT ) AR P TR R AR X T A A A S
B5R I  SA LIA A AT L Kriging J7 32 il 1]
AL, AT ok fie 2 o U D 2K A ] 0 - i
A7 2 [a] i H: A S Ja A mT L™ i HE iR as T
1] V1 5 B AN H AT DI v, T 47 1 119 2 () 3 2 P 5k
KB T Z2 0 BEHL B B Sk B R E

B 3 A A5 ) 2 U 2 R W] - RS A R IK B
KN EHAL, 2T Kriging 1R 22 75 22 80 2 W B DL UL AL
RGP 14 A B8 7 A S Wy S R A9F 5 A R ) R
7 B A5 AT 8 B, 91 DB 245 2R A2 SR R A AR A A
TEE5 R/ R IR 5 22 ] 25 [ A 6 1) A Ay 5 28 0
TRk T B X R F S R R R E
R 22 ROBE Ak AR S R 1A 5 e ROR BB AF R
HeJm PP (DEM [ | - 2R R IR 4T LB, A 5TA
R AR TR AL v AR Xk b A AL 3 A ) PR
SE VR AN [ A B2 R ) 5 G rp T DU A 3 i
A B 32 AR A FEE 0 it A A X ) 52 iy B G, MG o
BIAHENE S AR R R E RS . LA
B A ) T AN A P A 5 O B A S — R
2 BRI REHLE o

[ 1] Galbraith ] M, Kleinman P J, Bryant R B. Sources of uncertainty
affecting soil organic carbon estimates in Northern New York. Soil
Science Society of America Journal, 2003, 67 1206—1212
Zhao Y C, Shi X Z, Weindorf D C, et al. Map scale effects on
soil organic carbon stock estimation in North China. Soil Science
Society of America Journal, 2006, 70. 1377—1386

[ 3] Zhong B, Xu Y J. Scale effects of geographical soil datasets on
soil carbon estimation in Louisiana, USA;

STATSGO and SSURGO. Pedosphere, 2011, 21(4) :491—501

Acomparison of

[4]

Chaplot V. Tmpact of DEM mesh size and soil map scale on

SWAT runoff, sediment, and NO; -N loads predictions. Journal

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

of Hydrology, 2005, 312, 207—222

McBratney A B. On variation, Uncertainty and informatics in en-
vironmental soil management. Australia Journal of Soil Research,
1992, 30:913—935

Garten Jr C, Kang S, Brice D J, et al. Variability in soil proper-
ties at different spatial scales (1m —1km) in a deciduous forest
ecosystem. Soil Biology & Biochemisty, 2007, 39 . 2621—2627
Debaene G, Nied 7 wiecki J, Pecio A, et al. Effect of the number
of calibration samples on the prediction of several soil properties
at the farm scale. Geoderma, 2014, 214/215.:114—125

SRR T, XUAEH, SR, A . AR A LB S ()R e g R
BERRE . v R 2 BEOF 5 AR BE 2 4, 2009,26(3) :350—356.
Zhang F S, Liu Z X, Zhang Y, et al. Scaling effect on spatial
variability of soil organic matter in crop land (In Chinese). Jour-
nal of the Graduate School of the Chinese Academy of Sciences,
2009, 26(3) : 350—356

ERER, BAAE, B, S RAE BRI = A SR X
AR 36 b 2 1) AR S AT S M . B, 2010,42(3)
521—428. Wang Z G,Zhao Y C, Huang B, et al. Effect of
sample size on spatial characterization of soil fertility properties in
an agricultural area of the Yangtze River Delta region, China (In
Chinese). Soils, 2010, 42(3) ; 421—428

WRYE, BREHT, s, 45 . MK ER S ) AR S RS RN 1
WoT . el TFE% 4, 2004,20(2): 1—5. Xu Y, Chen Y X,
Shi H B, et al. Scale effect of spatial variability of soil water-salt
(In Chinese). Transactions of the CSAE, 2004, 20(2): 1—5
WA, ANIF, BUA, 5. SRAE R X 597 73 25 0] 248
SRR .+ HEE R, 2010,41(2) :257—262. Pan Y
C, Liu Q Q, Yan B J, et al. Effect of sampling scale on soil nu-
trition spatial variability analysis (In Chinese). Chinese Journal
of Soil Science, 2010, 41(2) : 257—262

sebRE, PhE, RO, & mUr R KRR RE T R
R AE . R e R, 2007,44 (5) : 885—892.
Zhang S R, Sun B, Zhao Q G, et al. Distribution characteristics
of soil nitrogen at multi-scales in hilly region in South China (In
Chinese). Acta Pedologica Sinica, 2007 ,44(5) : 885—892
Thg, &, B, S TLUUOT R R X AR g 4 R S ()
TRMEZREES . LY, 2009, 46 (5): 938—944.
Yu J, Nie Y, Zhou Y, et al. Multi-scaled nesting of spatial vari-
ability of soil total nitrogen in typical farmland soils of Jiang Han
Plain (In Chinese ). Acta Pedologica Sinica, 2009, 46 (5):
938—944

B, 24, KRB, . U BHME LR E SR 2 RE
MI&5H . qelk TRE2E4R , 2009, 25(3) : 223—229. Huo X N,
Li H, Zhang W W, et al. Multi-scale spatial structure of heavy
metals in Beijing cultivated soils (In Chinese). Transactions of
the CSAE, 2009, 25(3) :223—229

Caniego F J, Espejo R, Martin M A, et al. Multifractal scaling

of soil spatial variability. Ecological Modelling, 2005, 182

291—303
XNk, D2 X, akIRAE . K ER 2 ) T M R R AR
2B . ol TR, 2010, 26 (1) : 81—86. Liu J

L, Ma X Y, Zhang Z H. Multifractal study on spatial variability

http : //pedologica. issas. ac. cn



794 + e 2 £l 51 %

of soil water and salt and its scale effect (In Chinese). Transac- parison of Kriging interpolation with conditional sequential gaussi-
tions of the CSAE, 2010, 26(1): 81—86 an simulation in principles and case analysis of their application

[17] TIbatiez J J, Arnold A A, Ahrens R J. The fractal mind of pedolo- in study on soil spatial variation (In Chinese). Acta Pedologica
gists ( soil taxonomists and soil surveys ). Ecological Complexi- Sinica, 2011, 48(4) : 856—862
ty, 2009, 6 286—293 [21] Luo X C. Spatiotemporal stochastic models for earth science and

[18] #H B AN . H 5. 1984, Soil Survey Office engineering applications.  Montreal, Canada; University of
of Fengqiu County. Fengqiu soil (In Chinese). 1984 McGill,. 1998.

[19] Delbari M, Afrasiab P, Loiskandl W. Using sequential Gaussian [22] ®EH, PMEI, BEA . Kriging 5 (5 AP 51 W 2 R 4040055
simulation to assess the field ~ scale spatial uncertainty of soil wa- B LA BT . b ERAE BORL % A, 2010, 12(6) : 767—
ter content. Catena, 2009, 79 163—169 776. Zhao Y F, Sun Z Y, Chen J. Analyses and comparisons in

[20] WXEEEE, ke B, WA . Kriging $f (8 FF 5 5 07 S0 M 90104 arithmetic for Kriging interpolation and sequential Gaussian con-
SN E o e S LR 2 P R TE SV T ot e [ ditional simulation (In Chinese). Journal of Geo-information Sci-
2011, 48(4) : 856—862. Zhao Y F, Hua Q X, Chen J. Com- ence, 2010, 12(6) : 767—776

STUDY ON EFFECT OF SCALING ON SOIL SPATIAL EXPRESSION BASED
ON DIRECT COMPARISON OF MAPS-A CASE OF SOIL ATTRIBUTE MAPPING
IN FENGQIU COUNTY,HENAN PROVINCE, CHINA

Sun Zhiying' Zhao Yanfeng’®  Zhang Huanan®  Cheng Daoquan’
(1 Academy of Land Surveying and Planning, Henan Province, Zhengzhou 450016, China )
(2 School of Water Conservancy and Environment, Zhengzhou University, Zhengzhou 450001, China)

(3 Station of Soil and Fertilizer Extension Service, Henan Province, Zhengzhou 450002, China)

Abstract In Fengqiu County of Henan Province, topsoil samples were collected from 3 608 sampling sites, of which
3 463 sampling sites were chosen to form a master dataset for soil attribute mapping, while the remaining 145 sampling
sites were to form a master verification dataset. Then, through 4% ~96% multi-scaled stochastic sampling of the former,
17 subsets were formed for mapping of soil organic matter, soil available phosphate and soil readily available potassium
using kriging interpolation, inverse distance weight interpolation (IDW ) and Polygon value represented by point value
(PRP) , respectively. Based on direct map comparison between the computerized mapping subsets and the master mapping
dataset, correlation coefficients were obtained to evaluate effects of scaling on soil attribute maps, and further more com-
parison was made with the multi-scaled mapping evaluated with the verification dataset. In the end, variable coefficient of
the multi-subset mapping was used to indicate uncertainty of the expression of multi-scaped mapping and comparison was
made of this uncertainty with that of the kriging variance and that of the stochastic simulation. Through the direct map
comparison, it was found that the relationship between mapping quality and volume of samples was fractal and the fractal
dimension was affected dually by mapping method and spatial variability of soil attributes. In the same conditions, the
fractal dimension was the smallest with the kriging method and the largest with the PRP method, and the smallest with soil
available potassium and the largest with soil available phosphate. The correlation coefficients and Root mean square error
(RMSE) between the measured values and forecasted values in the verification dataset did not show any fractal feature as
expected. The uncertainty of single-scale mapping expressed by kriging variance and stochastic simulation was significantly
influenced by distribution of the sampling sites and value of the kriging estimation, while the uncertainty of the multi-scale
mapping based on direct map comparison reflected more objectively natural variation of soil attributes, among which soil
organic matter and soil available potassium showed more obvious laws in variation, while soil available phosphate didn’ t .

Key words Direct map comparison; Spatial expression of soil attribute; Scaling effect
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