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Fig. 1 Fuzzy membership map (a) and typical positions map (b) of a certain combination of environmental

co-variates

(3) B MERMEER. B2 D RRECT PSR TSRO B TR, AR
WG R T HE OO E RS AG R kg, W 2. ik SRR AE O E
HAAHIIREO %, Hou 4 Jay IR R AR PR AU sy, AR B THIIRE RURUE 2 5 3R A3 0T 7T
X R 52 (A ) B R R ez, AR RIMAR, F AR 1 RRAR i 135
PR, AR ERTHHIRE RERAG T IE X R IS 2 [ A I A BRI, AR Oz B
I CE O SR AR IS R R, BB RBm 2, RIS, AR
S5 I B S BRI B AR ] 2 TREAE D 6 AL EARRA 6 DA T & 1) oA B
W, ARERMESER Ty 6, RIS R mm, Wil 5 2] 1 AR S 8 1.

l\“.\'_“‘l.l!.ﬁ &,

2 WESH T A LA E IR E
Fig. 2 Frequency of typical positions of the combination of environmental co-variates
(4) FERiBihe MEE T 4LE O A E IR A Bl R T EMER EINSER TS
s B IR 3T A AR ISR B R E , A 4G oA B I R
B, (AREERFHERR AR, fla, B G, p M Kk D REEFLFS 2,
EER G, D HKHEERETHERRNERy 8 K HIEE 1 RBIMEHE 7 HEME ) 10 £



HIES 4 BB 7 HE, BER (ko D HIRHEERE 7 HE R NR Y 9 K HIEE 1834
BiRFAH AR 10 KI5 3 KGR THE . N T RIEX P E—ARRMEL A
BERUBHAT RO, B MEER LIRS 74 & LR sk Rk, 1R 3R
Bi &8 . i, BFR G, ) B THEERE Xy 8Class1-10Classd. [F]Fh# 453 A
THEEENBR RN T HE— SRR A 2 ) L ST B, A FAGR I SR AR 1 AN R S5 4%
FSAR R, B AR LS A ERIA S A - 2H & B O AN R 1 AN A i oS =X

R 15 = LRI T4 5, B2 7 DARRYEM 6 2 1 f93% 322 FiAS[R] 9345
DA 2H A 4 o AR MBI S PR IR B N 2 G 55 rh BT I - R F IR N A & 5
AR voy ) A B 20 R A 85 DR 1 2H & B AT N S SR T MR R - 2 & e e R IRD, WA
AT A EEA A B SO TR s R BRI s A G A A S
THACKRMBFEME A B, REESEHY 2. ID 3 75 AR 7HE 88
9Class7-13Class12, HRILMIFTAHEER A& 5REMEELH 3. ID 2 26 HIHMEEFE T4
4 8Class4-9Class7-13Class12 (AR A & — 8, RIIX PR IASE 141 S8R
ErRHCN 9 I Class7 FIERZEECH 13 B (1 Class12. X ID Jy 75 HIFREER 20 &5 Airit
JOE ) SOUSE R TR SRR T LMRER 1D Oy 26 (PRI A1 4-5 B BT oes L 1 50U AS
K. Bk, XA SR TG B TPkt BRI L5 T AR M SR 4 B v A B
PRl 25 B PSR IR A B i, R PTG B XK AT iR SR SBETH Y 35 R A A
HHE. W3R 1 PR, ARMEEZN 6 2] 2.

* 1 ZFIMRENIMERFAEHER
Table 1 Matrix of the environmental combinations chains after screening

AR 0 A FJ5H Clustering number HE

B THASE ID

Ry o 8 9 10 11 12 13  Number
) Environmental

Representative grade e

combinations chain 1D
Environmental combination classes

18 1 2 5 1 11 6
21 5 5 2 6 10 3
10 4 7 3 7 5 1
30 2 9 9 4 6 5
6 1 2 9 9 4 6 2 9
2 7 8 10 8 7 7
7 3 1 4 10 8 12
13 6 4 8 2 4 4
17 6 4 8 3 2 9
8 0 3 6 5 3 13
15 g8 0 7 9 1 1
20 8 3 6 5 0 13
5 19 5 5 0 3 2 9 7
9 8 3 6 0 1 13
32 1 2 5 1 0 5
3 7 8 10 0 12 7
12 3 1 4 0 0 8
4 29 8 3 0 9 1 0 4
22 6 6 0 2 0 4



11 6 6 0 0 4 4
5 0 0 0 11 9 10
14 0 4 7 0 0 11
28 0 O 0 8 7 8
33 3 0 0 0 3 8
26 4 7 0 0 0 12
16 0 4 7 2 0 0
3 31 1 0 0 0 6 5 12
6 0 6 1 0 0 4
4 0 0 7 9 12 0
25 0 8 7 0 12 0
27 3 0 0 0 7 8
35 0 0 6 0 3 8
23 7 0 1 0 0 0
2 24 0 0 0 2 12 0 3
34 8 8 0 0 0 0

e B RO R P T RSB R R T & 2K, BN BON 8 XM —
ITHUF L BIARR RN 8 N IR [N T4 4 Classl, 0 AR IZ R BEU N (M%7 A5 8 7404 tH L Note: The
digit in the column of each clustering represents the class ID of environmental combination under the
corresponding clustering number, e.g. the first digit, 1, under Clustering 8 represents environmental combination
Classl. The digit, 0, means that no environmental combination class occurs for the corresponding clustering
number
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Fig. 3 Sampling point map actually obtained
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E# Legend
I v v 4 F L Mollic Bori-Udic Cambosols
[ el 5 77 252 4005 1 Typic Hapli-Udic Isohumosols
[ ¥l va it 4 1+ Typic Bori-Udic Cambosols
[0 4 kil i 3 i 1 1 Lithic Udi-Orthic Primosols
I K S 215 1 Pachic Stagni-Udic Isohumosols
I — £F4E A LI K 7T L Fibric Histic-Typic Haplic Stagnic Gleyosols

4 IR (a) NANERVESRS 6 IR ST, (b) ARERIESES 6 A1 5 IR RS (o) AR
RVESED 6. 5. 4 TS (d) ARERIESES 6. 5. 4 M1 3 BRSO 4
Fig. 4 Soil maps: (a) using samples of Representativeness Grade 6; (b) using samples of Representativeness Grade
6 and 5; (c) using samples of Representativeness Grade 6, 5 and 4; (d) using samples of Representativeness Grade
6,5 4and 3
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Fig. 5 Validation point set
2 BIRIUE AR IR, DU I SRR LR 2. BRAL R RO e ) A RO
AR, R HE 25 BRI - 3R 53 MR g R i Y S8 A (PR B AL S B IR LA i, K
FRRER N AR ANEE T 100%H ANAERIRE R . 1R 2 B, SRRSO 6 HIRE AL (124> 7]
DASRASH S B 3R I, AR SR 12 3% 20, BRSO R, RE
H1 20 M LE 22 MR RUEARS BESR R D, 22 MR R 35 M RV FE AR AN K
FH U P RAA D S 3G 0 AR AN BESE N 358 1] B AR5 R, 358 1) B RS B 9 v A K
F2RATRARFRMEFRHSERTIERNSBEE
Table 2 Overall accuracies of soil maps based on sampling points of different representativeness grade

REMESER R AR SN
Representativeness grade ~ Number of samples ~ Overall accuracy (%)
6 12 62
6,5 20 70
6,54 22 72
6,5 4,3 35 76
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A SOIL SAMPLING METHOD BASED ON REPRESENTATIVENESS GRADE OF
SAMPLING POINTS
Yang Lin  Zhu A-xing Qin Chengzhi Li Baolin Pei Tao
( State Key Laboratory of Environment and Resources Information System, Institute of Geographical Sciences and Resources Research,
Chinese Academy of Sciences, Beijing 100101, China)

Abstract Sampling design plays a critical role in capturing information about spatial distribution of soils,
influences directly the accuracy of samples-based soil mapping. The commonly used methods are often confronted
with such problems as the need for large amounts of samples and low sampling efficiency. When the resources
available are inadequate for accomplishing a large volume of sampling once for all, additional sampling has to be
done many times and in batches. However, the present in-batches sampling methods mostly take into account
supplementality of the batches of sampling points in geographic space, which lead to overlapping of the sampling
points in attribute space, affecting efficient utilization of the resources. In view of this, clustering analysis of soil
environmental co-variates was performed to explore for sampling points representative of different grades of soil
spatial distribution and to formulate a sampling designing method based on representativeness grade. This
proposed method was applied to the study area located in Heshan Farm, Nenjiang County, Heilongjiang Province,
and digital soil mapping was done using selected sampling points of different representativeness grades for
verification of the methods. Results show that only a small number of sampling points of the highest grade could
obtain most of the main soil types (sub-order in Chinese Soil Taxonomy) and soil mapping was high in accuracy;
and addition of sampling points lower in representative grade could raise the accuracy of soil mapping; but the



accuracy did not improve much when the number of sampling points added exceeded a certain level. Therefore,
compared with the number of sampling points, representativeness grade of the points was more important to
accuracy of soil mapping. The representativeness grade system proposed in this paper can be used as reference for
sequencing of sampling points and is contributive to formulation of high-efficiency stepwise sampling design.

Key words Sampling design; Representativeness grade; Fuzzy clustering; Digital soil mapping



