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Research on Soil Type Inference Based on Combinatorial Cartography Method

LI Kun, HUANG Wei', FU Peihong, CHEN Yuhao, WANG Ziying

(College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [Objective] For the rational use of land resources, it is important to obtain accurate spatial
distribution of soil types using digital soil mapping technologies. [ Method ]In this study, environmental
factors were screened according to the soil parent material type based on field sampling points, and
then three different mapping methods, random forest, SOLIM, and KNN, were used to map the zones
according to the selected environmental factors, respectively. Each method was used individually to
generate zoning maps, providing different reasoning for the spatial distribution of soil types. The
zoning mapping results were obtained and combined to form a universal spatial distribution map of soil

types, and then, we used the FP-Growth algorithm to effectively mine the internal correlation between
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environmental factors. By combining these associations with different mapping results obtained
previously, the spatial distribution of soil types in the study area was deduced and used to obtain higher
quality and precision inference results. [Result] The mapping results revealed several key findings:
(1)The independent mapping of soil type based on the parent material type of soil by three different
mapping methods is more effective and accurate than the joint mapping of all parent materials, and the
inference of spatial distribution of soil types is also more reasonable. (2) Among the three mapping
methods adopted in this study, the method combining random forest and frequent itemset mapping had
the highest accuracy of 70.73%. Moreover, the results obtained by this combined method are similar to
the spatial distribution of soil types inferred by the other two combined methods. Through comparative
analysis, we were able to determine the approximate spatial distribution of soil species in the study area.
(3) After the three mapping methods were combined with frequent itemsets, we observed that all
methods had different degrees of improvement in accuracy verification and Kappa coefficient. Among
them, the KNN method had the most significant improvement effect, the total mapping accuracy
increased by 9.76%, and the Kappa coefficient increased by 11.70%. On the contrary, the random forest
method had the smallest improvement, wherein, the total mapping accuracy and the Kappa coefficient
increased by 4.88%, and 5.85%, respectively. These results validate the effectiveness of the
combination method designed in this study. [Conclusion] The first, aspect of this study aimed to
investigate the influence of soil parent material type on environmental factor screening. This aspect had
relatively important reference significance for selecting appropriate environmental factors in the
process of digital soil mapping. On the other hand, by combining frequent itemsets with the three
different mapping methods used, this study not only provides a new method and idea for the
exploration and application of digital soil mapping, but also provides a useful reference for the
information application of frequent itemsets association.
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Fig.1 Basic information map of the study area
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BT T B MBI R IR
I Wi
Environmental Parent Relief degree of land
DEM Slope
factor material surface
1 gl (D dl (80.1~133.94) sl (0~397 L. el (0~11.85)
2 g4 (4 d2 (133.94~167.6) s2 (397~9.67) ... e2 (11.85~19.99)
3 gl0 (10D d3 (167.6~207.8) s3 (9.67~15.1> .. e3 (19.99~29.15)
4 d4 (207.8~257.38) s4 (15.1~21.84> ... e4 (29.15~40.88)
5 d5 (257.38~340.25) s5 (21.84~45.55) ... e5 (40.88~82.78)

XF T A TEAE B 73 A P PR AR DXSsARe A 18 IR AR R, T ARREAS mt
S PR O T 28 G D R (1D B T IR BT SO T X B AR, AR R
i A e 4 AR o S AP B B R IR, LR R B, GEit o REUR AT REAR
Wt (20 A TAEAT LIRAEAACR B IER, BREA R INE I 7315 50T 7T X B3
S5 PR SEAHAE 107 TRl AT AR AR MEAB IR R, R BTEEAR DX A A S5 [ S e AR B 3 i 22
[ AZ4E .

FP-Growth 522 H A I I RO RIZIM IR —, R A 25 R 73 P U e R 25
WERFZHRS) . AR SEE T, RN IAR GO A 1 5 95 2 BB STRFREA A5 RORMT &
SCHF LRI 2N EE TUARAE I A T3 S22 5 8l v R R B A B, A5 R AR IR T
MR T, 51— DI BLREER R, BISCIBOCR . N 1 3t D3RI AN Af 1 4 2 0
5, AW TS /MG P0G Bk S R R ORI R R bR 2 5, SRR T
T IESRA I IR BT U DL L8 A, FROWIR DB Po IRBEFRMK, FomiZ M
FIUEMANE Zp X A EHER AR M 25 AR, BA A RIET

PR IAAE — M SRR op B T

b (0
BEA B AT fT A 3SR b R B v

http://pedologica.issas.ac.cn




+ E F Wk
Acta Pedologica Sinica

AW FUK FP-Growth BEAZ4E B SN E IR , £801% 7 M2 R AN HET 5 5 S ML
an s I BITVEARGE S, FRHERE I o B B TRAC BRI - SRS Aot V& 7V R HE R
i, KHI S R A G T I R E AL MR A IX S T o RS R E M, HS5%
AMETC RTINS — b N, TR ] B S RPN 17 B A, DARIR F SR 142
IR nts ENULHUE T ST SV 6 aprig N LESI TS

FESE G715, MBI I 4 T3S T 58 (A% o R Wi 1) V1 e 0 146 J ) A A - 3 2 Y
IR IEE N R AR () B REREMEIT ISR T HER (b K758, B
FRUTR: (D) BRI LIRRAUN A, SGZE T R b, KR LIERA A #2481 a,
FIWr IR A T a 2T RIZBITH L b BT, AR, WHE G s 2 sk
BN A A, RGBT HoAth T3 a e 2 AR T B b T4, 2, NI a
Xf B R T 24500, T8 AR e iR & L SR AR . (2) iR T T ek
) a, BIRILBIFEA a RAZGITTHL b 74, PR G LSRR e N F R A, 58
FRAZAZR T ) 3RS T ) W o AR OORT 4 =) F0 FT A  TAR M LR AR HEAT LSRR ) R k) g, B
6 BB U 5 A i) Bl T AR 5 5 Rl
1.3.3 FEEERAE AT T 41 DNIGIUE i FREHFE LK Kappa Z3 800 B 45 R HEAT K
FEPHAT, B IS TG Pl o VA R (0 P R AN A PR BE VR, Ak ) P IR A P A4
¥5 P DL J Kappa 2375 . Kappa R2EUEFIE 0~1 2 [0, X4 Kappa REAE 0~0.2, 0.2~0.4,
0.4~0.6, 0.6~0.8, 0.8~1 I 73 R /R TFUMS5 R 5 SLPrai R — BB . — i a4
SRR 5 20)

2 G

2.1 HFEFIHE

AR R PR R R OB 5 AN EARTE /N XA AT B b
R S (0 A AR A 2728, AT FUREIX 5 AN E VEIME IR T B RS S HE, AE
BEAT ORI . AR 40 U RF AR PR B o R IO AR BE & 3 s

REFAC S 91 X 3%

==®== The parent material code is 1

. B} R ACS 94, 101X 35
««.g$.+. The parent material codes
B ”‘ are 4 and 10
,’--'-.' \\\ * — ’Pf‘ﬂc -
’ * £ ,’~‘ universe
0.5 l, \\ g \\ ; \_.
J ” \* I, \\\
.’ o 4 *___.\
5'0.4 ¢ -
e E
Hr 3 R
e Q . .
- il
* _: P I L IIELIL JTPN FrOPR FrOpeett T »
s D ~
0.1
1 2 3 4 5 6 7 8 9 10 11 12 13
HFHE

Number of factors

http://pedologica.issas.ac.cn



+ E F Wk
Acta Pedologica Sinica

Bl 2 FREER 20 Gk enE
Fig. 2 Environmental factor combination accuracy verification diagram
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Table 3 Summary of filtered environmental factors

BRI i 46 )5 P B R T
Parent material type Environmental factors after filtration
(it B R WL CPIEMIZE. SR, MRS RER L AR
All parent material e ARSRPE. HUBRREZ . BME. B2
TE B -1 BRI TR AR ) ERE . CPTHER . ST R MURRERR. e M.
Slope or remnant deposits of granite gneiss F-ER A
Az A S BT R IS SRR
PR

[T N4 N 7 RN 1) SN = 200 = O = R Y= 2 =7 A

Dolomitic quartz schist granitic gneiss slope

or residual deposits, Recent river alluvial

2.2 MK

KA 5EAE ] FP-Growth B247 48 100 ANl s MRS R 770 e84, 1€ FP-Growth
AR BN R 3, BAEEN 1, MIRRTEFTARE AR ZE A 3 A KL B R S
A X PR IR & o M 2250 — R AR PR (O B A IR A AL, 358 1 A AL
P9, TARWICM 5, AU H I, BRI e A Yy SR PRI 2%, B
AT DU RHERE LR A fEIX — 5N, i TARE IR BERN 1, RIS 74
GBI, TR RS AR RS Y R B mT DU IR, B TS
FREEA 3.

T 2408 A B U BRI %, Ak DASREAN B0 B TR 5 0T 7 (1) 5 3 W e A 9 i3E AT e ik,
WAV L2 FEARETE N (m2, 13, p2), HIRDWEEAN 1, Bk imkm
EERETE RSN 133.94~167.6, T H13 -0.39~0.37, — 7 N-208.02~267.74 [I3F 55
¥ HE NSRS A FIERA . A TR A LR R A ST 141 A4,
ZRMEA N HE S, guitss R 3 B,

http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica

Wikt

sitesoil [ TTTXXXN RHEE
Error probability
HitE £ S0
Forest silt soil D:XXXX
00.5~0.75
PieH
siltfield [ TTT TOXKXXXXN] 80.75~1
kb L
Silica silt soil \ \ \\ \ \l I I l I I l l I I l ><|
EEb R H
Silica silt field [\N\\\ NN TTTIXXX
REY T+
Silica sand soil m
RERE T
Silica hemp m
bone soil
R RE R L
Thin layer of sitica. \NN\NNNNNN T T T T TTTTTT T POOOXXXXOKKKKKKXKXKKA
hemp bone soil in
woodland Y 4 y ; g 4 : k >
5 10 15 20 25 30 35 40 45
S TR B
Number of frequent itemsets

Kl 3 s ImiEA#giit
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Fig. 4 Soil type inference figure based on parent material using different methods
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Fig. 5 Inference map of soil types based on different parent materials type
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Fig. 6 Soil type inference figure based on different methods combined with typical environmental factors
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Table 4 Evaluation of the overall effect of each mapping method

IS B AR T

BEHLARA K il
Forest Random K-Nearest Neighbor Soil-land Inference Model
i &l 75 %
Mapping method Jsy i Kappa &% puy i Kappa &4 SR Kappa 7%
Overall Kappa Overall Kappa Overall Kappa
accuracy coefficient accuracy coefficient accuracy coefficient
BRG]
0.56 0.50 0.44 0.35 0.32 0.25
Parent material is mapped together
BRIl 1A
0.66 0.61 0.46 0.38 0.56 0.49
Parent material is mapped separately
L E T U1k S
0.71 0.66 0.56 0.49 0.63 0.58
Combine frequent itemsets
SEAEPIR I
9.75% 10.66% 2.44% 2.12% 24.39% 23.95%
Whether parent material is separated
RSB TR
4.88% 5.85% 9.76% 11.70% 7.31% 8.91%

Whether to combine frequent itemsets

R AR, =M RETUER 1 h EDRE B BRI RS R A ] B A RS EE AT Kappa 52
o, 458 T I DUR ] EUNERIBOR S & SRS LA Kappa 28R . 2 SHZ BERERA
il X SoLIM J7 ik HIREM i K, IX AT REZ A C5.0 tREEMHAEEAT IUNIZ 0 I PR 54802, #
AR, RN AR E S SoLIM J7i%,  H. SoLIM JPiEAEBHATREALI B, sm e
FERK AR FARKRLSE Eoksg 1 R E, G581 4 b /I, AR LA 7R
VAR KL LRG| HAl A SR A PR R o SR, A BESE0 JTd BEIE , A FH FS) BT i 2>,
Hit b 73R 7 2 [ A L . R, fERET D BRE . (kRS0 1 g B 75 5
JERRJFE AL P PR AR

FEFTA TIET, A e IR K BEHLAR AR EIRE B foe i, 09 70.73%. SR BRI —
L I KNN SRR EEE R, 8 43.9%. B G B IUER RS BE AT A, 2454 3 JS 38R A
I EAS EE R BEALARAR>SOLIM>KNN, Z5&HIE L), KNN Hk 2 FE A Kappa £
BRI, AR T 9.76%H 11.70%. 1% 32 EE2 PR i S I [ 46 il FEDRS FEUAIR,
HOLHRTE B RO . BEHUARMIRTHINRCR AR, —Jr T2 U A SR R R, 53— 7
72 R Y HLAE BN L BURFIE 7RI ST T 2SR, fE R Bt m] DASRAMXFPIR 2
[, AHIE T 45 & 75— AE SR AG 1] B S5 SR LA Lt — 2B W, PrAE — @ fE e
W T IR I 7%, EMERS R Kappa RECKE, AHTTUHR I IS & EE— AR H
KA

Xt T A FUHE H AU IR 5 =M i R 25 S I TR I 856 e =R A R i RS
FEBFIRTE, X WRATE I RMERE R, (HR R 15 id & e 3 B b AR R & A
WidGiE. JFH, AHF7TRLE RS R A28 BT R IR IR M09 100%HIH &, "R
TIRE S = SR (R R ECTE 2 A2 S, BV AT DASRER 7> SN FE B v R I S i A, AT B
Gf SR - ST 18 ) ) A
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3 45

AT FE I L 3 VARFAEVH B SR 1 B PR TR s A DR 1, SR T T AN[R) 1 [ 59 T B R
TS P PR A5 (RN o K TR S0 BE LA 7 ) 5 AN R ) BRI 5 SR 45, BRE 1 AN T3 R U5
R RNE . BENLARAR S B AR 45 SR AORE BE fie i (70.73%), HEBRSS RAEEIF g
WEFC X e R RS (8] 3 A, AT DA AP R R F IR S5

RS T IR, AN ) D7 425 PR o) T 28 SR AR SN S 2 350 v B — b B el R 4, 1
KGRI IE fy, BRI [R AT O S B R PP 4 R o, A4S & 2L 5
LIRS R T RSN IHERAEE, KA 2 KNN Tk, /b BN BEHLAR MY
2, BAIE T ASHIE T TR A R AR S F FP-Growth B2 4 SRS PR EE R 1 20 & 1) W] 58
P o AW FEA I SR A, i AT 22 BHJ5 X A AR AL A S R 7Rk S 4t 7 2%, [A]
I th B R IR A 1T R R BB A 5, A A T S S AR 55 Ak B A AN B
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