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Comparison of Sequential Indicator Simulation and Sequential Indicator Co-simulation for Quantifying the

Local Uncertainty of Soil Cd Content
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Abstract: The local uncertainties associated with the prediction of heavy metal contents at un-sampled locations are important for decision-

makings in the heavy metal pollution management. A total of 541 topsoil (0~15 cm) samples were collected from Zhangjiagang city of China
for modelling the local uncertainty of Cd contents. The descriptive statistics indicated that high variations existed in Cd contents whereas
small variations for soil pH data, and the positive correlations between Cd and pH were significant (r=0.51, P<0.001). The 1 000 times of se—
quential indicator simulation (SIS) and sequential indicator co-simulation (SIcS) using 270 Cd data (the simulation set) and 541 pH soft indi-
cator data suggested that the median estimates of SIcS at 271 validation points were of lowest root mean square error. As for the abilities of
modeling the local uncertainty of Cd contents, the misclassification rate of Cd content at 271 validation points given by different threshold val—-
ues increased with the increase of selected critical probability. If the selected critical probability was 0.50, the SIS would have smaller mis—
classification rate; if high critical probability was necessary, i.e. 0.95, the SlcS incorporating 541 soil pH soft data was of low misclassification

rate compared with SIS.
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Figure 1 Geographic location of Zhangjiagang city and the
distribution of sampling sites

1.2 FRIETELIF RIS RhEERLL
1.2.1 JF R4l ( Sequential indicator simulation,
SIS )™

(1) EBK NTHEAE (cutoff value ) z4, ..., 2 X
BLRISE Cd i Z(u) T 2 R A8 e $8 /R A8 i
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(u,z) P SR Prob (Z(u') <z(i(u,z),y(u,z))=Prob {Z(u") <zli(u,
1 if = 4
iuzge] L TEUSEO Lk ¥ - o 14]
0 otherwise AT THAE 2 B, Cd #3578 B (soft indicator data)
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(L] b -HE Cd At S, BOSBRIN(EL, 2(5) % 2(5))
T HE

RN ENE B —2S (AL E x| Cd S RAA
e, BRI E M (local uncertainty) 7] A FHiZ 5
Cd &t (X )R TN TFETRE—4E Cd SR EHE 2,
HIAE% P=Prob[z(x")>z,|5% P.=Prob[z(x') <z, K& & :

P=Prob[z(x")>z]= 1”5)(()'2)

AH: 1000 HBEVLEHL AR B n(x) A 1 000 (KA
HTE x' E E Cd SR BHUER T BIE 2 iIRER.

SPARERIRA . NI AR E p AT Cd
T B {E 7, (PG PRI B b v R ) , 56T LU Prob
[z(X)>z]=p, B Prob[z(X)<z] =p. X} Cd & & KF z,
B CHeanis g s ) 8 Cd S AN 7, /5 (e
TS AL TR A B S PR 2 A 2R, B SE Bt
{ELK 44 5 1 0 A 400 285 S /N T2 B (AR I
) L FINSERR o s Y, B R 53 A i  slom
WA/ INFS5EF BB B 2 R T2 B (A PR
B ) |, FLANSEBR oA i A SRR S im gy, R
FEHLAELIL I 4 2451 % SM ( Site misclassification ) A
WA

SM%:%(NQ+N,S) x 100 8]

AP | R R 5 SR AR N D S P
IR 2 M REAUBEAR] 73 R /N T 48T 2 B B
B0 N O SEBRULINE /N TF45 T 2, AL 8030 70 2
KT 2 A E

2 HR5E

2.1 #IRGIH S RIE R EEE

WFEIX LR 2 Cd & 5 A pH 4 {H 509 R
0.173 mg-kg™' F1 7.41, #2558 0.513 mg kg Fl
3.95, Cd &R g o Irai R R + 58 ¢d BA
BRI A S, 541 A RAE RTHRLRY Cd 8 5 R ECH
52%, 1M 1338 pH {E AR PR AN, A8 S5 R AR
13%. 133 Cd SR MER 0.716, S5 iR I A

Pe=1-P, [7]

AR (R 1), 13 Cd &5 pH fA7ER i
FHIEAHKKFR (P<0.001 ) , RIBFY X 13 pH 55 i i
B A Cd EiAGS T ARSI 2
T ey 0 7 4 Cd S R T EUN T4 E A
MIMEE, L HE Cd & R B i AL 20 Sy AU A A
IEAE 3R 1 BOZE RS, AL AY 270 4> Cd B AL
SRR e 271 IR B 5 40 541 RAF A Cd
i B AR GE TR, e AN B 2= O B2
Cd 5 pH BYAHSCHESE , X BERAA BT S R AL A
BEREAE B R o2 A B, B B AR

APEPE T 9 A TTHLE AT Cd & S 1E
IR, T IHEEA AR Cd S 9 AT %k,
ARG 7R B 2y 22 ARG S8 (& 2)
MG RO geoRIIHTR3RAS 21 0y
22 BB 2R I A fi /N W07 7k (WIS ) ¢
M 2 LU 10953 R80T 90% 535 %5~ J7 72
BRI A I iR 22 (RMSE ) AHXTRE K, X 22
H TR g (L 2R 5 X et /D i J g o ASF
U 9 AR Ty 22 IR AT B 21 = [B] 25 A
I HAUE N SEOE SR R, X R X 9 4
TR REAS B4 IR BB 5T IX 8 Cd &5 i A0
8 S PEAAIE o
2.2 TEAIT S5 SR AT 1 5 A

TR DR AR AL A TS 7R B[R] B ALY
SRAEYIE (IR E FUE, E-type estimate ) 8% H{H
AL DA IR S B ) -4 Cd S b mi, Hp 4%
PEESERT LB LI 1000 MESU S ERT ,
(BT LAEAS R 1000 M SE A P E 3RS . 3R 2

& 2 Cd e EMNE RAEMES
Table 2 Prediction accuracy of SIS and SlcS for soil
Cd content at validation points

JF DR R Jy SRR DRI B

BEASTE A syEMTE P EMST
A 0.009 -0.007 0.009 -0.005
B AR e 22 0.081 0.080 0.077 0.069

# 1 11 Cd S pH BRGSO
Table 1 Descriptive statistics for soil Cd content and pH

FEASL BMi i 22 /M

1

mg * kg’
Cd 541 0.173 0.091 0.020
pH 541 7.41 0.94 4.40
Cd BiftldE 270 0.176 0.092 0.041
Cd B ir4E 271 0.171 0.090 0.020

SEPN: | A5 R i 5 pH MR FREL
%
0.163 0533 52 0.716 051 (P<0.001)
8.35 13 -1.100 —
0.163 0.509 53 0.707 049 (P <0.001)
0.166 0533 52 0.727 052 (P <0.001)
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2 AEITHME Z B Cd REMETE A ZE TGRS (FHFEEBIRTA aCtbSph(c) , Hh a AREEH,
b AEAE, c AL, Sph RRFRREE RMSE ARBMEHHFIRIRE)
Figure 2 Indicator variograms and fitted models of Cd for the nine cutoff values Z, (The fitted models of the variograms were presented
as‘aCq+bSph(c)’, where a, b and ¢ represent nugget, sill and range, respectively. RMSE means root mean square error)

AU, AP SR BRI B R EEE AR ARE T FPE AT A AR e R
L, PEATTH R BN R ZE I AR PN R 22 5 P B /s DR R BADLAY S5 P F S (ELA T 0 A (EAG T
T AAFEA R BIRZE , X BB TR B A R BN IR ZEHR Ly B /BT A1
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Figure 3 The misclassification rate of SIS and SiIcS of Cd content for eleven threshold values

— 253 5 IR (LT B0 235 2R O DR 32 1 (i DA T S5 i P
PR 2 (False positive errors ) , iX )23 Sob v Y KBS T
B R RIS TR0 , PR 2B S0 235 SR A
WHETE ¥ S BN AT BH s UM RSN 1
BAUIME . PP EINASRAE SO E B Cd & 5Ah, i
A LA Rl 2 F SR BT R R (cedf) SREfE Cdiy
TN A SR AN E e, BRIV I R vk (2
AK[8]) AR RIE S E Cd T ERT /I /NTAER
{8 2o

P 3 JEAS Al SR pe Z54F B P STHE A B
7 Dt /R U R B AR 11 A 80 (SIE
BIAZ7IH Y 2, ) B Ry AN s M R 22 5811 (B
Bl Cd S HER T/ /ANTEET X 11 A8 72
BRI PRI IEAE Cd i1 5% F1 95% 53 oL
BAERBIE, FEIEHN T A o B (A T X A
BEATUEE R 2 Cd & 2 il A E PRI 22 . DA
B3 Al LR, Bl SRR I SRR A A R,
BHHR 7N AU AN B AR 78 DR RIS TN ] Cd B
JRITIRAN E PR 73 SR A DR A ORI, T4/

I SRR ( B 0.10 ) BEBLA /0 FE R R AT o
EIf AR N T 25T 0.50 I B8 e AT HE Ry,
i Cd FRKTHEREM Cd FR/NTETHER
AT (SRR SAE T 50%, Bl 1 000 YA, HAA A
| 500 R AAAME R T 45 B, S0 PR {E R T
5 5 BIE; B2 1000 YA H A R E] 500 IR
PUE/INF 55 F25 8 BIE, SRV SEBRE /N TF45 22 e,
JIr LA S 2R (A3 B 2/ D BER T 0.50, 21 SN
0.90 B, J@ /R DR FRHUS FIREE  (BRIESER
5% KA 10%53 0150 ) B 4328 22 HL P BHHE R AR
PIES, H Y1l FAME R T 0.95 B, 7 545 7R U e
P FRAEEE 11 4 Cd 430 B S B AR 4 J AR
RIGEART P B8 "B . SEBR X Cd /A
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