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 OE. B TSR (CEC) M I K IR BE J7, BFSE CEC 2311204 ] g Sk BN el it AR S B S Ak . Al
B L3 XD FR RS + 4, A6 3 CEC AIBRALAE BUAH DG AT it A8 5 AR (OK) AT IR, PR A1 5 FLAR (RK) A
FRINALENE 5 A% (GWRK)TE CEC 25 [AR{H AR, FF0) =35 SR EAS B Skl BRI T . filfiRGeit R X L3 CEC
FHEBIEN 10.145 cmol/kg, CEC H5ANUL & EEREFIEML, SN &ERRERMI; MR Y CEC SEM{E . OLS 5%
FH GWR SR ZEH 4 RE 0 8.50%. 6.36% F17.02%, HAEHBI/NT 25%, HEATIREUASIAl AAHOC; X9 e dE7 T4 (DR BE 44T,
RK Fl GWRK BRI ERIBGHHE (R 5351 0 40.49% . 41.50%, fH{EATREE GWRK>RK>0K; MALEIZUERE, GWRK Tl ES5
TIRFRIEE, REBCREIRAL, BR T HE 2 AAMANTT . ARS8 T A 3 CEC 23 [ T A I8 SR (LT S i S 2 .
SKEEIR: MBI BB CEC; FOEARIGE; TE

HmESHS: SI151.9; S153.6 XHEkFRERD: A

Interpolation of Soil CEC of Sandy Fields Using GIS and Geographically Weighted
Regression-Kriging

WANG Yougqi'?, ZHANG Xing'?, ZHAO Yunpeng'?, BAO Weibin', BAI Yiru"*'

(1 College of Resources and Environmental Science, Ningxia University, Yinchuan 750021, China; 2 Department of Education

International Cooperation Joint Laboratory of Arid Area Characteristic Resources and Environmental Governance, Yinchuan
750021, China)

Abstract: Soil cation exchange capacity (CEC) reflects the preservation capacity of water and fertilizer of soil. Studying CEC
spatial variability can provide a theoretical basis for soil improvement and field fertilization. In this study, field sampling and
indoor analysis were conducted in light sierozem in Xiangshan area of Ningxia. Based on correlation analysis between CEC and
physiochemical properties of soil, geographically weighted regression Kriging (GWRK) and regression Kriging (RK) were used
for spatial interpolation of CEC compared with ordinary Kriging (OK, as CK). Descriptive statistics showed that soil CEC
averaged at 10.15 cmol/kg, and it was significantly positively correlated with SOM whilst significantly negatively correlated with
sand content. Geostatistics showed that both CEC and its residuals (including OLS residual and GWR residual) had strong spatial
autocorrelation (nugget value was less than 25%). Interpolation accuracies by different methods were estimated based on a data
set of validation samples, and the results showed that interpolation accuracies of RK and GWRK were higher than that of OK. In
addition, GWRK significantly improved the accuracy of OK interpolation of CEC due to their incorporation of auxiliary variables.
The map interpolated using GWRK revealed more details of CEC distribution. The results of this study can provide useful method
reference for the interpolation of soil CEC.

Key words: Geographically weighted regression; CEC; Kriging interpolation; Ningxia
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HA RS . 0 e R b 12 R P,
VT ARk Bifi 5 7 BRI Ml et & i, 1 HAE &4
HERZF AR RIE, g b8
VESFE KA S TR iR A 45— ZR 80 ™ i ) A
PR GRS v TS [ -3 CEC 23 [a) 20 A5 IR T35 11
10 FH AR AL AR 5 4 b A 7 B B A

HHT, T g T2 i s BUAR A (7 ik e I
B2 ) T e Y Y s B AR AR (75 (OK) X T
R R SR IR AU B 9 5 o o AT — A Al
T HE A B HAT R AR A AR S 2 R OK
DAl w9 B e T = N N 81 D e R
) T ot A A LR O R L ) R 4l B L M By A
s EAT A A AR (B %) 325 40 1m0 U9 5 FRLAS (RK) A5 A5 31 1
WKW . RK AT LAZRG 248 k) + 3@ PR EA T
23 (MMM, AR A T TS R, (- PR s
[P A S P el 45 e /N — 3612 (OLS yixX — 4 i B e kAR
B b AR A 48 1 4 R AREAE ) o A ) A AR
(GWR)E hy— R A 4 b 4 [81 )1 43 Hr v 23 18] S R ik
IS TR (%) Jey AR, ST A e )32 o, F B R)2
T, VTR AR T GWR AL 4
T4 G T P 38 A R BR M 5 T AR
o FH GW R AR FL X 3L L i) 345 AL 5 R A 198 PR 7 i i
KA AR eI T TG = 2S5 RH
48 A T GWR AL AL 437 F I 4001 3R )2 H 38R 3 &
Hoggm K A 25 AR ERR . DL R GWR
BRI 174 25 [ | P Rt (0 B30l EL A oo ) ik R i
FIRETRERE o Mo EIIAS ETUE 58 AR 15 (GWRK) 24
GWR AL 5 RK AHSE G, LG 2 a X TR
PEEAT SRS (A, 48 TAm (RS RS, BT A M

Bl s 4 Sk B R AR S B, BR, RTTE
A0 FH 4 19 Jg P 2 [ 4 (L A A 95 2208 P 385 30 e EEL S 47
(R, PR GWR SRR 7R + 3 B 2 4 (A4
i L BIBEGE8eA  ASCLIRY B - B8R e 0 42, i
S3Mr 3 CEC B s2my P 2 2 (B A AHSCHE , B0 uEm
H % OK \RK FI GWRK [ 45 [1] il 4 SR M (RS B2
PIHASR -3 CEC 73 [H) A8 S5 F - HEAE ) 45 B 41t
BheE R

1 #RERE

1.1 HAREXER

MREMFTEPIG&FELSE D), BTTE
HER S, M AL 36957 ~ 37°07'N, 104°56" ~
105°15'E, XA R KRBT, 247
I 6.8 °C, fEFE /K I 247.4 mm, (R Z4EH T 7—9
Ao 2XbFHmgdte bk, PR 1 740 m,
T FF IR 4 KIRAEYE FE L R A
AL CEEA | T FERE R AUORAEL RO 3 L
APRAGE BT LR 1.

>

------

L T

+ IR
o
5T XK AP
0 6 12km
| I E—

1 HREHELSH

Fig. 1 Distribution of soil sampling sites in study area

F1 WREXTIFERBAMER

Table I  Soil physicochemical properties in study area

LT (g/kg) 2% (g/kg) 4 (g/kg)

2 (g/kg)

Fhki(g/kg) Brki(g/ke) fibki (g/kg)

3.958 0.492 0.558

18.364 101.4 635.8 262.8

1.2 HRHiEEHERE

A L b DX A7 I XS VSR G T, ZE A9 IXI0R:
1.5 km x 1.5 km Mg A o 7 AT R AE . SEPRRFE S
PR A SERE VR AR AT I | GBS, 7T
200 m MHEFTIHEE, I GPS iSRS AR,
AT 108 MFEAS . fifi F AR AR AR 2 - HERE S (0 ~
20 em). FEANH RIS R IR 2 A ARRT, BIBRHEYIb%
MR KA R4, B2y wlad 10 H A 60 Bfi#: . CEC
BRI 52 R FH 2 BRI e R . e HLSCR
FEERAN A AL - AMmBGEI P - N A R

BBk I (MS3000, Malvern instruments)Jl 52, L
P AR AER A 2 [

1.3 #MRAE

1.3.1  [alH 5 B A%k [a] 5 v LA 5 (RK) 2% 18 3
- 558 s 1) AR S 3K B R - A2 ek B R T
SE ARG A, & o 24 H AL & SR B AP (e AH O
KA, Seid it ) B AR & A B A8 & i AH PRS- B
MM MEELG, dar B i SRR £
JU(E—I0)MHC R, SR, SRIE X0 sk 2
WA T 7 225307, I S0 o FEAR 10 0 7k 22 T i
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PRIGUAR N, B A 10005 5 BLAS A (25 2R . AUk
z(s) =m(s)+&(s) )]
K z(s) N AR s AEITIE, m(s) M
FHERAEZ AL A3 2 i 3T, e(s) Rl FH 38 o
FELAS AR (A5 B (4 5% 22 50
1.3.2 AT ] 05 v BLAK Hby A [R1H v
HLA% 5 (GWRK)J2& 38 2 X H A 4% 5 Fn i B A% 6 14 7
S:BLE I IV EE Y G £ ) S T E )5 T =3 I /S EE
FH 38 v AR (EL 75 (OK) X I 455k 22 T A7 4 1.
GWRK ¥ RK H 4 Jay 1 (2 2) 4 4 ol b AR m]
IR GWR) B JRER I (X 3), il 5 4 1A Y 4 b
JE PR 2 A AR S 1 Jey R AR Ak o

k
Vi=PB+ Zﬁkxik +¢& @)

i=l1

k
Vi =ﬂ0(”iavi)+z,3k(”ia"i)xik +é& 3

i=1
ey R AR X NS | R SR &
AR BIWINEL ; (s, vi) RS i MBI ZS R AR FR 5 By
RN B E BT B, vi) R | SRAE R BRI &
ANEASEL 6 IR 2ET . QR Buu, v)ITEZS AR
s, MIEAL( 3) kAR Sy 4 R A (X 2).
1.3.3 FOANEER S O T IPEA R B
KGR, BEELAR 3 AN EARXHE R R TAS BE 1T . 2
TR 25 F 7R TN 5 S f 22 1) AT 3918 Y07
1R 25 R TN A5 S 01 g 2 79 ~F- 5 RO 1 55 Lt
(ELAGSF- 5 R o 24705 R 15 2 Xt ) v A Rl A /N iR 22 S
INE A AEURR s AFX RS JE SO (RT) 2 R Ml A 7R A
POLBEER I A A T (K S BT S B A HE A

RI= Rox —~ Rri/Gwri %100 @)

ROK

A Rok Rrx 1 Rowrk 73 1M OK .RK F1 GWRK
PG AE 5 SCME A AHC R %L, RI (A M IE(E R ROR
RK. GWRK # OK FY TG FE (B8 150 I T i
KR mMts£ ; RI (R HAENFERR RK. GWRK

TS BT OK.

1.4 Bdskb 5508 SR SPSS 18.0 #l Excel Xf
BRI IR G T o HT . AR A FLE 2D [l A 4
Mr, 1 GS+9.0 1 ArcGIS 10.2 4% Bs 247 i
Gt oy B AN Zs (B o S HERR S (B0 O 25 s iR
PRSI, AR 3o HERIT AR BORR B AT T 5%
FAEW, S8 (IR 0 e K sl d /MBS, Je4k
A3HT R AL BT A S 5 AT T3 R B A TR 1Y
TG B, BEBLIEERE 86 AFE s AE N EBRE S T2
[EHRRAEL, 22 ANEE AR N SEAE A5 H T4 W adi (RS

2 BRES

2.1 11 CEC #iR Gt 447

IR GETHRII (3R 2), A LURIERIIE A CEC H{H
43514 9.82. 10.47 cmol/kg, & 575 Ak 1 43 51 hy
5.75 ~ 14.87 cmol/kg F1 6.15 ~ 15.83 cmol/kg. 57X
+ 38 CEC #4{H ) 10.145 cmol/kg. M4 + 3L EE 1
ST RN, AR AR RE 1 55 BREAES BRE AR
1 60.19%, HENEORICEE 25095 39.81%, UiWIHF
FEIX IR R AL BE 1 224k AR AT o et 5 R 0e 4
HHB/IN<). WESRRER, @RS MEUES CEC
ASERZBNN 17.57% F 21.02%, @ %A
2t K-S B L, #EOSREIES W P YR T
0.05, Hd e N IE 5317
2.2 11 CEC 5HERELERIMAXESH

M+ CEC SR EAMRE, AHUR AT
R B S P R UL + 48 CEC B2 1P,
A F IR K B CEC SA PR | + 3 /i AE i
FHIENE, RN CEC 76 Xk _E 1/ Al
K R4 CEC TRIWKGRE . 347 I 2s M) 43 Sy
fiE, AR3C CEC SHEMLE . 0 BRI A LR N H
K5, EHUT BFE X A LI . Filh 5 CEC 1 74H
KM, F3FLIAE N, CEC 5HMUE. Pk,
KRNI AR R . Ho CEC 5L . %5
REAUBYRL S B EAR DG, SRPRLE W ARG,

F2 LIE CEC MERSGITHFE
Table 2 Descriptive statistics of soil CEC

FE 5 FEAC = e/ ME NI ¥IE brifE2e BRRE WE O EE K-S K% i
(cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg) (%) P Esyii}

LN 86 5.75 14.87 9.82 1.73 17.57 0.60 1.02 0.47 ER
I 22 6.15 15.83 10.47 2.20 21.02 0.74 087 0.43 B

23 11 CECHIEFER 5 mEER
2.3 ZFAEIEST  FEMR TR L A

BT BRL . BRI IR R B AR &, SR Iz A [ml
DS 12 1 065 254 [l Y AR TR HAT S 25 STk A [l 9 2480
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Fz3 LI CEC 5LIEEMMMRMEXME
Table 3 Correlation between soil CEC and other soil
physicochemical properties

H L Fhki wkr wbkr
CEC 0.672" 0.463" 0.545™ -0.555""
0 * FORMEHERT] P<0.05 WEKE, **FRMEHER
#| P<0.01 BEKFE.

B ALERR W (R 4), AHLBREPRLE X CEC

HREAZR. F2EBIKETF(VIF)A 112, /NP
7.5, VLT AAS G RIANAEAE LR P . AR R I P E R
0 0.567, BB OLS BIRIXT CEC W7 22 Ml B
56.7%. PIEHAIUNT . y = 7.478+0.964x,-0.052x,,
X, y R CEC; xi WANUBE & x, WEPRL .
M TAEFXTE, W GWR BRI, [RIARE S FA ML
FRD RS T AR

*4 1IECEC 5XIBEHUMRMOZELEITTRE

Table 4 Stepwise linear regression process of soil CEC with other physicochemical properties

JEbREIL R A T8 VP Y VIF EESE NS
Il 9 2 41 b2
W 7.478 0.665 11.253 0 1.12 0.567
AHPLB 0.964 0.133 7.27 0
(A -0.052 0.01 -4.968 0

232 MG X CECOLS 5221 GWR 4%
ZIFTIAESS 0. OLS 3227 (LTEREI N —1.49 ~
4.02, H#J{E R 0.004 7; GWR R 2GRN ~1.57 ~
4.44, N -0.0345, £ K-S AESEK, #Rh @
75 2 i A sk 22 B IR IEZS /3 A o 7E GS+9.0 Hxf sk
WA . OLS 7% 221 GWR FR 22172 5 22 pRAUR AU 1)
GG 5). MTUUEH, =& HERRERA . B
SAE(Co)RIRBENLF ZAHr R A8 5, 3l F i XA i
478 S R 2 15 22 T s P . =3 A B 42 L (C)

BI/NT 0.3, W] CEC H A 15 2 5 - 8P iy e 1
BEALAS S48 /0N, 28 [ AR 5 2 B2 45Kk R 5 il o B
& RZE(CH(Cot+C))Fem HBEHL I K 5 1) 23 1] 4% 53
M RGEVE R ], — Ok, H(E<25% 4[]
A SR RN R S MIAHCHE, AT 25% ~ 75% Kb
PR Ay S B 2 [ A OGP, LU >T75% B R 5548
[ AR ST S . OLS %25 M1 GWR k2584 &
BTN 8.50%.6.36% 1 7.02 %, HAEIATE 25% LA
T, BB CEC J stz HAT A 23 (] FAH G

#R5 T1E CEC. OLS %% EF1 GWR R EHFE HFERE S

Table 5 Semivariance parameters of soil CEC and regression residuals of OLS and GWR

WiH Y Co CotC A Co/(Cot+C) (%) R? RSS
S A BRIk 0.271 3.187 2070 8.50 0.026 1.910
OLS %k 2 BRIk 0.081 1.274 2610 6.36 0.225 0.217
GWR %k 22 BRIk 0.089 1.268 2670 7.02 0.261 0.203

2.4 11E CEC =R EHHIFE

FIH OK. RK Hl GWRK 3 Fh 5 3k 472 [l
HEH CEC ZEM Ak, RAEK 2 aTLAEH, 3 Fh
FIEARRIMEE R R CEC Mo ikt Ji K s L, BNt
FEX P CEC ZERTARM, mEX v,
ARACHRT, CEC A7 M 2 b X ] Hh AR 355 24 Uk
/NEYEEF . CEC TUME Y5 3 51k 5.75 ~ 14.88.,
5.77 ~ 13.00. 5.52 ~ 12.90 cmol/kg, 4% J7 ¥k KA —3k
MEIESR A, OK IER{EEI BN, RK A4
HEZE A T CEC Bl A ML AIED R ) AS AL A5 B
{HIRBEH A AR Z 0, X 5L CEC 1Y% [A]
W ASFHE A AT . GWRK AU T 3105 4047
CEC i -3 fb v A fb g s 41, b S iy

CEC M2 [a) i AR R, BEHD Ao A6, B I
HAF G CEC MY SEPRA RO o S T S 4F Sz e 3
(AR TR X (X ek 4 3 CEC A TS B, RS- 14 1%
25 BT RIR2E R RU(E AR 245 AT TR o
2.5 ANEHEEFZEFE EFNEE TN

2 6 % OK .RK Hl GWRK J7 ¥ 617 T K5 1 EAr
SRR 3 AR EFEARLE T 0, R T
ST AR AU A SR EL A T e M s X AR R 2
OK>RK>GWRK, [l 1.084 ~1.853, &L T 1,
Ut B T ) AR TR P 03 25 A0 A% . DAL R R B e i ok
&, RK il GWRK EAHEL T OK E8IGH 3l 4
= 1 40.49%F1 41.50%, 2R 3 Fhd{E )72t GWRK
DA R, R Am (A
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CEC (cmol/kg) CEC (cmol/kg)
= 75710 - 5.77~7.48
10~8. 7.48~8.60
805871 8.60~9.33 a,
71~9. 9.33~9.82
9.18~9.50 9.82~10.14 ‘:;‘
9.50~9.96 - 10.14~10.34 %
996-10.62 10.34~10.66 a
62~11. 10.66~11.15
= 1.57-12.93 ¢ 6 12 km 11151188 0 > 12 km
. 12.93~14.88 I 11.88~13.00
3 . GWRK

CEC (cmol/kg)

I 5.52~7.31
7.31~8.47
8.47~9.22
9.22~9.70
9.70~10.01
10.01~10.21
10.21~10.52
10.52~11.00 ¢ 6 12 km

B 11.00~11.74 1 |
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D

2 =MIEESETLIE CEC M= E %
Fig. 2 Spatial distribution of soil CEC by OK, RK and GWRK interpolation

% 6 OK. RK 1 GWRK 7 = HI#E E T Mgtz at b

Table 6 Precision evaluation of three interpolation methods

i CPRRzE HUARERZE AR BE(E (%)

OK -0.034 1.853 -
RK -0.014 1.103 40.49
GWRK -0.016 1.084 41.50
3 g

5T X 1 CEC ¥J{H K 10.145 cmol/kg, AR
TRAE 55 R FEA B 5 BAREARELH 60.19%, BFFEIX + 1
PRIEHENE BE ) e85 o BT A IR SCHIF St & 30 T 25401
L 1T L A T PR AT 5 24 i - R SRR
FEA O, AR IX AL FIRE PG R b, 3SR,
RAE T BRRIKES +- , FARIREE AR BRI 1 > 1l 1
NEJIACE o B E 58 A R AR SRR, &
RO AEMERE R, AMEME A PUIEH A A, S380Y
A IEAE S RAK . AP 48 CEC 7E25 (8] L a5
JEAR SV, TERFSE X | AU AL SRR XS Y — i
OUT, AR BT AT RE R S B - 8 CEC fE%s[H) 1
IR AR M 1 B DR oA WL PR AR
SIAE T IEE AR G RO, R AR CEC 1
ik, BEAPLE S ERM, CEC thhEZ g, [t
FE ORI L R, FRRLRARSE T T 80% LA R

ML, IRARL S A, CEC sl ™2 AHG
PRI AL CEC SAPUR , L IEFA7 (e 3%
FAAE, W1 N CEC 7E X Y ARt #h
CEC 5 - . FRABYRLE IEAHSC, SRR
AR, RIZEA DB RRL & & & i ), CEC
FAXTFE R o BT Xk —1E 00, AR R 2ROl AR i A
AT HLAC , A R AR LU AE L2, M
e 4.

2 [ 37 (B AR AR R A 500 X B 5 DX P R
R AT T B 75 o T 2 TR R 1A 3 e
PRI | D e AR TR AR s R SRR L T
A 58 AR 2 v UK 0] 0 5 FELRS A S8 24 ] 75
MR ARCR , A0 og AR L TG B fie g, RERS
b Fe R A 2 M T M IX 1) JR) A5 5 . Hengl 551
SR FH 1T o AR NS A B 35 e A 7 2 TR 0,
BTN 500 v LA R By, 33905 R R 2R
R, (H2, LSt 1€ CEC ZIiyAH
KR HHIT R, JRHB Xk CEC 5 -3 b i
I Z AT RES M R A s A5 9 S5 TR AR B, S AE [T
vCRAR TP IR . GWR BB BRI K 1025 (8] 45 5L
AT R, G T (Rl ) = B S O ik ok
b R AT AR A 23 8] AR S B s Tl AR A )
R, AT o R R 1 48045 P B R IURECR P AR
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