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Abstract: Soil type mapping reveals the geographical distribution and characteristics of soils and provides
a scientific basis for the use, protection and management of soil resources. The digital soil mapping
method based on the soil — environment relationship is an important means for quickly acquiring high-
precision and high-resolution soil spatial distribution information. However, its applicability and mapping
accuracy for different topographical units require further investigation. Taking Pinggu District of Beijing,
China as the research area, and dividing it into two terrain units: mountainous and hilly regions and plain
regions. The random forest algorithm was used to establish a model linking soil types to environmental
variables, upon which digital mapping of soil types was conducted for both terrain units, with mapping
accuracy being compared subsequently. The results showed that the overall accuracy (OA) of digital

mapping for soil group, subgroup, soil genus and soil species in mountainous and hilly regions was
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100% , 93.1% , 89.7% and 75.9% , respectively, whereas the OA of soil group, subgroup, soil genus

and soil species in plain regions was 73. 7% , 55.3% , 52. 6% and 23. 7% , respectively. These results

indicated that digital mapping of soil types using environmental variables performed well in mountainous

and hilly regions, but its efficacy noticeably diminished in plain regions. As the classification units of soil

types became more granular, transitioning from soil groups to soil species, the accuracy of soil type

mapping supported by environmental variables was gradually decreased. It was recommended to make full

use of readily available environmental variable data to enhance the accuracy of soil type mapping in

mountainous and hilly regions. In plain regions, it was necessary to appropriately increase the number of

soil type profiles to improve mapping accuracy. The research result can provide practical examples and

technical support for digital soil type mapping in other regions.

Key words: digital mapping; environmental variable; soil type; random forest; terrain
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Fig. 1  Geographic location and soil points distribution map of study area
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Tab.1 Statistics of soil points for different terrains
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Tab.2 Information on data of environment variables
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Tab.3 Accuracy of digital mapping of soil types assisted

by environmental variables in different terrain units
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Fig.2 Importance degree map of various environmental variables for different terrains
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Fig.3 Distribution maps of soil types of Pinggu District using environmental variable assisted mapping in different terrains

(R ARSI e T e o O o £ o i )
e o

+ PR AR B OC R AN BT - Fi 4
Z BV B AT R G 2R, AR R S A (R BR B A
T, 208 A R A+ e A R + e R 2
BT AREFREE o %888 5% 0t 2 ) & AR
S - A S5 ST FR DN 22 R M2 2 ] g
W2 AR X 0L AR R A b PR
F A, S 4588 AP B 5 T AR A O 5% P [R] Y 2R
15 IR 22 725 ek pR AT R AR 9 4 R L9 R TR B A
W R R K SO R M 2 BRI B X R
FHIREE P AR & F 47 1 398 258 T 3 0 1) 1T 049 A BE A T
B DX 33X 2 Ry L b X TR R AR K, Hh
MW 2% 5 3 — B B T K SC A B R S M A T
9 25 S, FE T 5 i+ B ki A . DY G, AE D e
B X ) PR 855 00 725 4 1R AT 4 98 28 0 0 ol PR T LU
WA 5 0 O A T o T T S X M 22 BB, HL
Z A S N TP AR e K, b S A A A

Rt A A B 0 s O WD L S O B
Pl P AT S 26 0 B o TR R ORS EOR
I, A WSO AT A 9 A TR 0 o) P A A R M T R
SUTEBLN R AR AE B bR DX b 3 A RR AR BEAT
W M B0 B0 50 30, AR S i R A T A R BT P AR
K HEAT SRR 1B o X L 2 N 3 Bl R
B - J5 b X, 07 DK b T A8 90 1T R R R
M A O BE 6% 45 20K B2 5 vy | B ) 2 ) o 28
R 258 o N R 2R B £ Bh, BT RS
Wbk, X 2 WK Em PRI FE
GRS /T B T o A L N e e w | W R - R o
JE AR I3, 32 KB A HUTE A A S K
T N & Lo € e e 7 A i O s 0 1 1 =
#7326 00, 3 2 RS i - SR B B AR A
N E A= 92 A TR T 25 08 Y 52 i [
RZ HARS R, XN 1 P58 b2 i 4 R AL
1) P A AN E P o DA S L i e B I P 4

KT A FR I P A i R ) 2 2R IR e 1
LA B2, 30K A T Sy G At it IXC 18 B 35 5 A2 4 2 Y
Bl Rt =% . AN, 24 B8 A8 B 2 ) A]



510

W] S e BE T B AR AR b A B A4 AN () M TR BTG 2 R ol P B S

377

RE A7 7078 1 TUAR 1 22 i e 2 M 45 ) L, 33 AN S8 o
TR IR, 8 AT BE S EORE L A% R BE ) BRI B
DA PR . AR SCHEF 50 3 A2 v R 0 722 & 1) 19 T
RS AEBEAT AL B X SR A SCAFAE R AN R Z AL
TEJ& SRR 5 oK E— 20 3 b7 A B U R AR ZR X +
SIS T Al VRS B2 1) 2

5 #%RiE

AL 50T S A48 X F 8 IXC 3l 23 1 b e
B XA B IX 2 A HJE B 00, 835 T AN R 1 .o
N T PR AL i By Y b SR ] PR R SRR
WY, Ll B DX 28 W2 s A i R o
PRAE B2 (OA) 4% Bl 100% . 93.1% . 89.7% i

75.9% , Kappa Z $ 7% %] 4 1.00,0.890.88 7
0. 735 1iF- Ji IX 4228 W72 | - J Al 4Bl &7 i ] OA
Sy g 73.7% \55.3% ,52. 6% Fl 23. 7% , Kappa %
$053 1 9 0.47 0.44 0.41 F10. 18, X FWI1E 11 b
Fr e DX, B 05 720 a5t Al Bl 1ty b B 2K R B AL R B B A
BHF RS JEE , TIPS S RlORS I 23 35 AR . Bl
A LIRS 3 IS LT N 1 B Bl T A0 AL, B
AR B 1Y) A SRS T o [RDRS St A T R A
GEURA BRI DL, X T (e B X, AT L 5E 23 )
iy AR P 558 728 i 0 R 4 T A SRS T ) RS
I T S DX U T 2 i S AR S i S D
B8 1 1 PRS2 o AF 9 45 2R O A 3 X SR R
il Pl e g3 1 52 B SR B A R S HE

[1]

& % x Wt

RET, Des ML HEReERE RS TELERRT]. PERLEESITA,2023(7) : 17 -19.

e A7 iz, 2005,

Predictive soil mapping based on a GIS, expert knowledge, and fuzzy logic

Geoderma,

Computers and Electronics in Agriculture, 2018, 144 86 —93.

(2] SRHFR, A ARBTG, 4. ey 25 LR s n e 5ok [T, 38424 ,2020,57(5) : 1060 - 1070.

ZHANG Ganlin, SHI Zhou, ZHU Axing, et al. Progress and perspective of studies on soils in space and time[J]. Acta
Pedologica Sinica, 2020, 57(5) : 1060 —1070. (in Chinese)
(3] SMEUR. TR0 LIRS R KBTS [ D] FBM . FBMI A2 ,2022.
ZENG Pengyuan. Research on digital soil mapping based on deep learning[ D]. Zhengzhou: Zhengzhou University, 2022. (in
Chinese)
(4] ZRBUXG, 25k, B 3k, 5. T GIS LK % 45 AL 5 AR 0o L g il 1 S L7 vb [ AT s (0]
42(5): 142 - 149.
ZHU Axing, LI Baolin, YANG Lin, et al.
framework and its application prospects in China[ J]. Acta Pedologica Sinica, 2005, 42(5) : 142 - 149. (in Chinese)
[5] skfe skH%%, BT, RE-s0emfalgrsE(]]. - 56aH,2004,35(3) : 339 - 346.
ZHANG Hua, ZHANG Ganlin, GONG Zitong. The progress of quantitative soil — landscape modeling: a review[ J]. Chinese
Journal of Soil Science, 2004, 35(3): 339 —346. (in Chinese)

[6] E, 251, R, 5. BTGRP 0 L HOK 3 SOsB AT [T]. ARl 2:4k ,2022,53(5) « 332 - 341.
WANG Sinan, LI Ruiping, WU Yingjie, et al. Soil moisture inversion based on environmental variables and machine learning
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(5): 332 —341. (in Chinese)

[7] GOMES L C, FARIA R M, DE SOUZA E, et al. Modelling and mapping soil organic carbon stocks in Brazil[ J].
2019, 340: 337 -350.

[8] TZIACHRIS P, ASCHONITIS V, CHATZISTATHIS T, et al. Assessment of spatial hybrid methods for predicting soil organic
matter using DEM derivatives and soil parameters[ J]. Catena, 2019, 174 206 - 216.

[9] WUW, LI AD, HE X H, et al. A comparison of support vector machines, artificial neural network and classification tree for
identifying soil texture classes in southwest China[ J].

[10] LAMICHHANE S, KUMAR L, WILSON B. Digital soil mapping algorithms and covariates for soil organic carbon mapping and
their implications: a review[J]. Geoderma, 2019, 352 395 -413.

[11] GUEVARA M, OLMEDO G F, STELL E, et al. No silver bullet for digital soil mapping: country-specific soil organic carbon
estimates across Latin Americal J]. Soil Discussions, 2018, 4(3): 173 —193.

[12] WA BRAS. BOWI C-Y(E 50k A XSl + JE B0 i B b g iz I [ J]. 4982441 ,2009 ,46 (4) = 571 - 577.

TAN Manzhi, CHEN Jie. Application of fuzzy C-means algorithm to predictive soil mapping on regional scale [ J]. Acta
Pedologica Sinica, 2009, 46(4) : 571 =577. (in Chinese)

[13] ZERAATPISHEH M, AYOUBI S, JAFARI A, et al. Digital mapping of soil properties using multiple machine learning in a
semi-arid region, central Iran[ J]. Geoderma, 2019, 338. 445 —452.

[14]  GHEA ARG, X642, 55, LT R4 5 SR M AR ML R+ I 14326 [T, fell T #2244 ,2020,36(16) : 231 -238.
MENG Xiangtian, BAO Yilin, LIU Huanjun, et al. Soil classification in typical black soil areas of Northeast China based on
Gaofen — 5 images[ J]. Transactions of the CSAE, 2020, 36(16) : 231 —238. (in Chinese)

[15]  Brog, @b ok, (AL, 55, T 2 i AH 12 SO R BE AL AR MR 10 T ekl I [J]. 4-4,2021,53(5) : 1087 - 1094.
CHEN Rong, HAN Haowu, FU Peihong, et al. Soil mapping based on multi-temporal remote sensing images and random forest
algorithm[ J]. Soils, 2021, 53(5): 1087 —1094. (in Chinese)

[16]

BEHRENS T, SCHMIDT K, RAMIREZ-LOPEZ L, et al. Hyper-scale digital soil mapping and soil formation analysis[ J].



378 P AT S 2024 4
Geoderma, 2014, 213, 578 —588.

[17]  SRETXS, Mok, BET9 M, 46 Ho7 RIEd FIT R sk SR E[T]. A% 9E R ,2018,37(1) : 66 -78.

ZHU Axing, YANG Lin, FAN Naiqing, et al. The review and outlook of dlgltal soil mapping[ J]. Progress in Geography,
2018, 37(1): 66 —78. (in Chinese)

[18] ZHANG S, HUANG Y, SHEN C, et al. Spatial prediction of soil organic matter using terrain indices and categorical variables
as auxiliary information[ J]. Geoderma, 2012, 171 — 172 35 - 43.

[19] BB, &R0, 22,5, SETHIEATTN LIEA VLT BRI T]. RAHUR R ,2015,46(4) : 161 - 167.
HUANG Wei, HAN Zongwei, LUO Yun, et al. Spatial distribution of soil organic matter based on topographic unit[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(4): 161 - 167. (in Chinese)

[20] Z=if, ool SR A0, A% . JE T2 [ BOR I At st i (P R e s [ 7] 2 4z ,2007 (7) : 70 - 72.

LI Jing, ZHANG Chao, ZHU Dehai, et al. Research on re-delineating the borderline of mountainous region and plain of
Beijing based on GIS[J]. Bulletin of Surveying and Mapping, 2007(7): 70 —=72. (in Chinese)

[21] ABE5G. BT E SR BB LI T 48 45 i 25 8 S PR B 3P [ D] MR . 2RO TR ,2021.

Z0U Hongguang. Spatiotemporal evolution of soil fertlhty 1ndex and cultivated land quality evaluation at county scale based on
nested model[ D]. Huainan: Anhui University of Science and Technology, 2021. (in Chinese)

[22] SRS RS, X0, 45, 85 O IR SR80 e I AME T 22 1T . sk g 5% ,2012,31(10) : 1318 - 1325.
ZHANG Shujie, ZHU Axing, LIU Jing, et al. An integrative sampling scheme for digital soil mapping[J]. Progress in
Geography, 2012, 31(10): 1318 —=1325. (in Chinese)

(23] @8, %= %Y, % LTS TR 23R 5 C R RIS KB 5[], L34 ,2016,53(1) : 72 - 80.
HUANG Wei, LUO Yun, WANG Shanqin, et al. Knowledge of soil — landscape model obtain from a soil map and mapping
[J]. Acta Pedologica Sinica, 2016, 53(1): 72 —80. (in Chinese)

[24]  PhowR. FIE-mRe iR A X R fl Er iR (D], iR ARk R4 ,2021.

CHEN Rong. Soil mapping method research in mixing region of plain and hall[ D]. Wuhan: Huazhong Agricultural University,
2021. (in Chinese)

[25] BeXmr. BETRBEBIERMLAAEARMIY LERGBEBRID]. 5. Bl k3 ,2022.

DUAN Mengqi. Soil type mapping of different terrain regions in Shandong Province based on remote sensing technology[ D ].
Qingdao; Qingdao Agricultural University, 2022. (in Chinese)

[26]  ZESEARBRAN,RHT, A6 23 [ [0] U5 A8 20 7 XS 8 7 A 338 ) e P i S —— LT B e B o (I [ T]. e 4, 2013,
50(1): 21 -29.

LI Lidong, CHEN Jie, SONG Xuan, et al. Application of spatial regression model in regional digital soil mapping—a case
study from Fengqiu County, Henan Province[ J]. Acta Pedologica Sinica, 2013, 50(1): 21 —=29. (in Chinese)

[27]  ZRAEV, 86K, SRR 5. s R 2 4R 1 X IR S LI ARl [J]. Rh#id@ i ,2015,60(23) : 2216 —2228.

LI Wangping, ZHAO Lin, WU Xiaodong, et al. Distribution of soils and landform relationships in the permafrost regions of
Qinghai — Xizang ( Tibetan) Plateau[ J]. Chinese Science Bulletin, 2015, 60(23) : 2216 —2228. (in Chinese)

(28] A TR, kR, BROE, . BOF TS B A 7 i X e ge (U], 4l 42 ,2020,51(5) : 1016 - 1023.

YANG Yufei, HAN Haowu, CHEN Rong, et al. Inference methods of digital soil mapping[ J]. Chinese Journal of Soil
Science, 2020, 51(5): 1016 —1023. (in Chinese)

[29] faphkte. 52 2% T8 X L3 Jg PR ) PRl —— DA A T 3 h Bl [ D]. W67 . 5K ,2017.

HE Linhua. Mapping soil properties in complex terrain regions: a case study of soil total carbon in Yushu City[ D ]. Xining:
Qinghai Normal University, 2017. (in Chinese)

[30]  ERME, X SRR, % ETHRFBENTRPFEX TSEAERIET]. R86E R ,2018,49(6) : 1270 - 1278.
WANG Junya, LIU Feng, SONG Xiaodong, et al. Mapping soil properties using the land surface temperature in an arid plain
[J]. Chinese Journal of Soil Science, 2018, 49(6) : 1270 —1278. (in Chinese)

[31] mhvhal. BTG TR ERE X R E D], ®R . Bl K4 ,2019.

HAN Haowu. Soil mapping in transition region of plain and hill based on remote sensing image[ D]. Wuhan: Huazhong
Agricultural University, 2019. (in Chinese)

[32] by, ZmNl, dmin L5 BT RN 8t X R MR 432609 [T] . Al HLBR 412 ,2016,47 (1) : 297 -303.

MA Yue, JIANG Qigang, MENG Zhiguo, et al. Classification of land use in farming area based on random forest algorithm
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(1): 297 —303. (in Chinese)

[33] GUOJ, JINY, YE H, et al. Recognition of areca leaf yellow disease based on PlanetScope satellite imagery[ J]. Agronomy,
2022, 12 14.

[34] ‘REFF. JETRENLZRAMALRLA M £ A 5% 2P0 KAs R0 [ D], Kvb . 36 e 2 ,2021.

ZHU Pengdan. Evaluation and pattern optimization regulation of ecological security in Xiangxiang City based on random forest
model[ D]. Changsha: Hunan Normal University, 2021. (in Chinese)

[35] =Bs0r. L8tk i mtim b TP 3E X 3l B r i s [ D] sl sk ,2015.

GUO Shanxin. A study of soil spectral feedback surfaces applied to soil mapping methods in flat areas[ D]. Wuhan; Wuhan
University, 2015. (in Chinese)



