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Abstract: Soil is a complex with high heterogeneity. The early research on digital soil mapping mainly focused on the lateral
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variation of soil, with less consideration of the vertical variation and three-dimensional (3D) digital soil mapping. In recent
years, the rapid developments of 3D geographic information technology and earth observation and detection technology have
greatly promoted research on soil 3D data acquisition, 3D prediction, 3D data modeling, 3D model and visualization. In this
paper, we reviewed the existing research on soil prediction and soil model construction in 3D space, to provide suggestions for
the application and development of 3D digital soil mapping. We searched the Web of Science database by using 3D soil mapping,
3D GIS, 3D data model, 3D geological modeling, 3D visualization, soil spatial variability, spatial prediction, Kriging
interpolation, soil-landscape analysis, depth function, machine learning, geostatistics, random simulation as keywords, and
selected the key literatures for analysis based on correlation, citation rate and literature sources. We summarized the popular
methodologies for soil spatial variability, 3D spatial soil prediction, soil 3D data model, and 3D model construction, and
evaluated the advantages, disadvantages and application scenarios of each method. This review presents the common problems
of 3D soil mapping, such as sparse soil profile data, low accuracy of 3D soil prediction, and insufficient information to create
the data source for 3D soil modelling, and put forward some feasible research prospects.
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Fig. 1 3D geometric object model cases. (a) Point cloud model; (b) Wireframe model; (¢) Surface model; (d) Entity model
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Fig. 2 Regular volume model cases. (a) Voxel Model; (b) Octree Model; (c) Needle Model; (d) Regular block Model
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Fig. 3 Irregular volume model cases. (a) Tetrahedron Model; (b) Pyramid Model; (c¢) Triangular prism Model,

(d) Irregular block Model; (¢) Generalized Tri-prism Model
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Figure. 4 The flowchart of soil 3D geometric modeling based on profile data
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Fig.5 The flowchart of regional soil 3D geometric modeling using soil cross-sections. (a) Modeling flowchart;

(b) Soil cross-sections at regional scale; (c) Soil 3D geometric model

AT B A D 3 = 4 LA SOBE Y R SR O T — AR . (B el T X T S dfe
ARH MG, RS RE M LU e N R 2. A Ja, 3T R AR SR IR R A0 SRR A T ik
N amee, Lok B L T Mg A 20

L 2 T e ) T R T DX S AR P = 4 ) LR R A 8 T VR O i 1 B — Bl
SRTI, 2 AR = AR AL S U L 20 R B 22 WA R L P AT DU AR m AR RS 2188, PRk, b
s AR L DS A . R R A 2 YRR AT e = L SRR, RO A e
B — 4 J LARDxh AR R 3 AT T B R

BEXT =4 LA SR W . A TSR, — e D 2l e U 5 5 122
AT 60, AR B FiE M K aC R BOR S IA = 4l SRR THT . 3 =48 LB Ky 2 07 2 rh e e L
A ITERRAAAE R . AT R, ST U BT 2ok I a8 = 45 Lfrxd S B — 2 1
WEFHrE .
322 LEEVESBORME TR g 2w g A TR ey 2 R AR X T R R R A A
BT R AR B R R =RV, EEAREPIT . R TR X =4
[F1) L L ) 2 A B O RY s o A ) T e 2 AT 2 ) DA ) = 24 2 ] AT 5 R A 38
G R, R I B BB T 0 S AR TG o X T TR 25 AR X ] B0 ) A X3, T 3 e ] S ] &4
AR S > A A TR T TR AR AR DI, U 75 AR 3 = A LTS SRR i i
b 3R A B VE AR BORS AR A T AR

HE S RO e = 272 ) - 358 Ja PR RS 20 R T V0 R R F 5, i 2 RIS R BB A8 77 A5 M SR 4% ]
MrAfERC i ERF- 5  (W1 Google Earth. Censium%5) HH /R . SRT, 4 )5 fa MN5EAS B A& oA A
EEITIRRIBTTT, DA i B2 4% 38 e 1k 2 8] A1 )24 RE

http://pedologica.issas.ac.cn



+ 3 22 4k
Acta Pedologica Sinica

4 BEE5RYE

AR, IR = Y2 (R HEN 5 3% DL S = AR A S R EE R . AT BT X H AT
FORAFAE I BL5 7] LR M /D IR =R A RS BEAIR . = 4R AR o A 1 v 55 )
SR T — S RAT IR OB, S TR R

(1) ZRE N 25 Aot 3850 T A5 B DR SRR BOR . = 2482 [h) 338 00 AN B4 A TR Ay S ) 3 o)
e T BT R IR AR A e AL o I N A2 RAE NI SL I8 % 0 M7 4% S8 T BORSRI 3 T 45
BRI PR D), R D B W A ANy o JRAL SO0 . PR TR TN RN A1 LA AR
THAFA POEAMC A SE I IAET, AHAEAE AT E TERS S B 592 I SRS Rl 45 R A1 &% )
IS 358 25 It A SRR (R R 5 I PR 7, AR IR v o 2 1 -3 5 S

(2) FRZR AL B 18 5 AR P T 8 =7 31 A5 B 5 Al 9] T el AN A2 i AL 4] T e A A2 A
A8 5 i 22 i LS R RUE b = 24 - S I AN B A R R P2+ 0 32 R ML si 33 iR 5 N TR RE T
EWEE N, B, A AR AR R R R E M SRR LR R, FIRR
2 S SRR IR AE BRI SRR LR IS R, OREIR B 2 SRR e A D S R AR £
BN DERHURZ L3RRS R s 8 A A AU S5 R AR DA & ik B 1) R DL T e

(3) BF AN RUEE AN 3 56 6 6 I ) = 2 25 TR HE D 75 7% . =4 IRl HHE 2 o A BR B i
B HOW MBS 28T DR =4S A AR . 15 e 255 B s Al R B AR RN, AR 4
WEFORE . BRIERR . THE SR LR HEIN 45 R (RS B BOR, AR I 1) = 2 (WM 5 s - 0
ANRIEWEFE, TC RS IR T RE R — DG RIERE, JCHR A RA W SIREAR D AT X4, X2 1) 5%
RE BA RS EENMFEAR X, ] DB 2] I ik LR S RF AL #r
AR RBERIT ST, HLES 7 2T B LAR AR . 22 X 2% BR P 27 ST HOR AT REBE N TE ], X875 mT BA
FEAF AL PR o 2 RUBE R AP E AR 2 R &

(4) o =4k R ATHE 70 Hr SR AR = 4EEE R B & N AL S A, 5
o B B AR = e R B H AR BE B8 1 = 4R S R B A o B =4 LA R, AR
SRS ELHG Rl e L Dol 398 0 TR R R S 2 U S A R AT LR S R T
BB Ik =R th ok . AR SR, BEXT =4E Ry, (Rfesmsds. i
THRUMRTCRRY, SIS BT LR = 4w I A It 3T AR TORRY, AT DR S
ISR U TS REAT I

(5) nom A3 = R AL . ST AT RS R L SRR RO, AT DR e
e = e 5 H A = R A HLE S 5 R T EE ST, AT DASCRERE 8 = R R RO R =
PR R & BT EW. BRI .

BB (References)

[1] Zhu A X, Yang L, Fan N Q, et al. The review and outlook of digital soil mapping[J]. Progress in Geography, 2018, 37(1):
66-78. [ARKT 2%, M3k, B2 T3, 5. Koy sl IR Fo ok 5 R B[], HhEBERLEBERE, 2018, 37(1): 66-78.]

[2] Li J. Study on the theory and method of mapping on small scales [J]. Acta Pedologica Sinica, 1988, 25(4): 336-348. [Z=43.
/B R S B AT AR FE )] 3R, 1988, 25(4): 336-348.]

[3] Hengl T, MacMillan R A. Predictive soil mapping with RiM]. Netherlands: Wageningen, 2019.

[4] Zhang G L, Zhu A X, Shi Z, et al. Progress and future prospect of soil geography[J]. Progress in Geography, 2018, 37(1):
57-65. [#KH Bk, ARBIN, SLAk, . B2 it e 55 JRe B[], uBRRL 223k, 2018, 37(1): 57-65.]

[5] Hartemink A E, Zhang Y, Bockheim J, et al. Soil horizon variation: A review[J]. Advances in Agronomy, 2020, 160: 125-
185.

[6] Parker R S. Absorption, metabolism, and transport of carotenoids[J]. FASEB Journal: Official Publication of the Federation

http://pedologica.issas.ac.cn



+ 3 22 4k
Acta Pedologica Sinica

of American Societies for Experimental Biology, 1996, 10(5): 542-551.
[7] Pelletier J D, Rasmussen C. Geomorphically based predictive mapping of soil thickness in upland watersheds[J]. Water
Resources Research, 2009, 45(9): w09417
[8] Mehnatkesh A, Ayoubi S, Jalalian A, et al. Relationships between soil depth and terrain attributes in a semi arid hilly region
in western Iran[J]. Journal of Mountain Science, 2013, 10(1): 163-172.
[91 Ho M H, Chan C M. Some mechanical properties of cement stabilized Malaysian soft clay[J]. International Journal of Civil
and Environmental Engineering, 2011, 5(2): 76-83.
[10] Tye AM, Kessler H, Ambrose K, et al. Using integrated near-surface geophysical surveys to aid mapping and interpretation
of geology in an alluvial landscape within a 3D soil-geology framework[J]. Near Surface Geophysics, 2011, 9(1): 15-31.
[11] Tao H, Liao X Y, Cao HY, et al. Research progress of three-dimensional delineation of soil pollutants at contaminated
sites[J]. Acta Geographica Sinica, 2022, 77(3): 559-573. [Fg¥k, Bbe 5, WL e, &, hh T 885 et & & =42 E 1)
WF 7L R[], HUEE 24 9R, 2022, 77(3): 559-573.]
[12] Song X D, Wu HY, Liu F, et al. Three-dimensional mapping of organic carbon using piecewise depth functions in the red
soil critical zone observatory[J]. Soil Science Society of America Journal, 2019, 83(3): 687-696.
[13] Wilding L P, Drees L R. Spatial variability: A pedologist's viewpoint![J]. Diversity of Soils in the Tropics, 1978, 34: 1-12.
[14] Song C H, Chong R J, Cheng L Z. Application of geostatistic reservoir modeling in Ai & N Oilfield, Malacca Strait,
Indonesia[J]. China Offshore Oil and Gas(Geology), 2001, 15(5): 340-344, 360. [ RFLE, A, B 2. R SR iH2E
it EEAFARAE N SN FATAL Nyl S D). FR B Bl S 3B R), 2001, 15(5): 340-344, 360.]
[15] Duan P, Sheng Y H, Zhang S Y, et al. A 3D local RBF spatial interpolation considering anisotropy[J]. Geomatics and
Information Science of Wuhan University, 2015, 40(5): 632-637. [BEF, b AE, 5k BLRH, 5. BA  m) M 1 R 3045 ) 2
PR = 2 A (AR [)]. DK == (15 B R S2RR), 2015, 40(5): 632-637.]
[16] Burrough P A. Multiscale sources of spatial variation in soil. I. The application of fractal concepts to nested levels of soil
variation[J]. Journal of Soil Science, 1983, 34(3): 577-597.
[17] Burrough P A. Multiscale sources of spatial variation in soil. II. A non-Brownian fractal model and its application in soil
survey[J]. Journal of Soil Science, 1983, 34(3): 599-620.
[18] Kravchenko A N, Boast C W, Bullock D G. Multifractal analysis of soil spatial variability[J]. Agronomy Journal, 1999,
91(6): 1033-1041.
[19] Zhang F S, Liu Z X. Fractal theory and its application in the analysis of soil spatial variability: A review[J]. Chinese
Journal of Applied Ecology, 2011, 22(5): 1351-1358. [FKiETF, XIVEHT. 430 18 J HAE A 3982 A1 AR e 5 v B R
[7]. BRI AEZS 224K, 2011, 22(5): 1351-1358.]
[20] Eghball B, Schepers J S, Negahban M, et al. Spatial and temporal variability of soil nitrate and corn yield[J]. Agronomy
Journal, 2003, 95(2): 339-346.
[21] Dokuchaev V V. Russian chernozem[M]. Jerusalem: Israel Program for Scientific Translations, 1967.
[22] Jenny H. Factors of soil formation: A system of quantitative pedology[M]. North Chelmsford: Courier Corporation, 1994.
[23] McBratney A B, Santos M L M, Minasny B. On digital soil mapping[J]. Geoderma, 2003, 117(1/2): 3-52.
[24] Grunwald S, Vasques G M, Rivero R G. Fusion of soil and remote sensing data to model soil properties[J]. Advances in
Agronomy, 2015, 131: 1-109.
[25] Knotters M, Brus D J, Voshaar J H O. A comparison of kriging, co-kriging and kriging combined with regression for spatial
interpolation of horizon depth with censored observations[J]. Geoderma, 1995, 67(3/4): 227-246.
[26] Brunsdon C, Fotheringham A S, Charlton M E. Geographically weighted regression: a method for exploring spatial
nonstationarity[J]. Geographical Analysis, 1996, 28(4): 281-298.
[27] Hengl T, Gruber S, Shrestha D P. Reduction of errors in digital terrain parameters used in soil-landscape modelling[J].
International Journal of Applied Earth Observation and Geoinformation, 2004, 5(2): 97-112.

http://pedologica.issas.ac.cn



+ 3 22 4k
Acta Pedologica Sinica

[28] Lai Y R, Orton T G, Pringle M J, et al. Increment-averaged kriging: A comparison with depth-harmonized mapping of soil
exchangeable sodium percentage in a cropping region of eastern Australia[J]. Geoderma, 2020, 363: 114151.

[29] Liu F, Zhang G L, Sun Y J, et al. Mapping the three-dimensional distribution of soil organic matter across a subtropical
hilly landscape[J]. Soil Science Society of America Journal, 2013, 77(4): 1241-1253.

[30] Kempen B, Brus D J, Stoorvogel J J. Three-dimensional mapping of soil organic matter content using soil type specific
depth functions[J]. Geoderma, 2011, 162(1/2): 107-123.

[311LiHY, Shi Z, Webster R, et al. Mapping the three-dimensional variation of soil salinity in a rice-paddy soil[J]. Geoderma,
2013, 195:31-41.

[32] Veronesi F, Corstanje R, Mayr T. Mapping soil compaction in 3D with depth functions[J]. Soil & Tillage Research, 2012,
124: 111-118.

[33] Malone B P, McBratney A B, Minasny B, et al. Mapping continuous depth functions of soil carbon storage and available
water capacity[J]. Geoderma, 2009, 154(1/2): 138-152.

[34] Zhao Y F, Li Y X, Ma P P, et al. Three dimensional changes of soil organic carbon content and its key factors in cultivated
soils of Henan Province during the recent 30 years[J]. Acta Pedologica Sinica, 2023, 60(5): 1409-1420. [ E £, 2216k,
I, 4. 3 30 SR R B A HLAR 0 = 4R 1 5 R BE R R W FE (D). HEA R, 2023, 60(5): 1409-1420.]

[35] Han J C, Li X M, Sun J H, et al. Research on three dimensional spatial distribution of soil salinity in a typical field of
lubotan area[J]. Journal of Natural Resources, 2014, 29(5): 847-854. [#i 5 &, 22080, PAGIIT, 2. pq yA i i 770 fH B 4
SEEL 7y = YRS (M XA L[], E AR, 2014, 29(5): 847-854.]

[36] Yun AP, JuZ S, Hu K L, et al. Three-dimensional spatial interpolation of soil salinity based on Inverse Distance Weighting
Method[J]. Transactions of the Chinese Society of Agricultural Machinery, 2015, 46(12): 148-156. [z %7, $1E 111, #H
UMK, 5. FE G S ik i R ) = S (AR R U], AL HLIRR, 2015, 46(12): 148-156.]

[371Li HY, Gu C J, Dan C L, et al. VRML-based virtual reality modeling of three dimensional variation of soil electrical
conductivity[J]. Acta Pedologica Sinica, 2015, 52(4): 776-782. [Z=3#t X, LS, (HA& M, 2. %1 VRML 1+ S
A= A A AR S AU B S AR TE )], LA, 2015, 52(4): 776-782.]

[38] WuY K, Liu G M, Yang J S, et al. Interpreting method of regional soil salinity 3D distribution based on inverse distance
weighting[J]. Transactions of the Chinese Society of Agricultural Engineering, 2013, 29(3): 100-106. [ 534, X1,
Bashis, 5. FET IR B S B SR A 1 338 3k 2 = 4E 3 A AT 5 i [0]. AR LFE 4K, 2013, 29(3): 100-106.]

[39] XuD, LiuC H, Cai TY, et al. 3D spatial distribution characteristics of soil organic matter and total nitrogen in farmland[J].
Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(12): 157-163. [#&}, XIE %, 2R X, &, &
FH 39 LSRN 4 G = 2 25 [ ) ARSI T 9], AU F 4%, 2015, 46(12): 157-163 ]

[40] Chen C, Hu K L, Li H, et al. Three-dimensional mapping of soil organic carbon by combining Kriging method with profile
depth function[J]. PLoS One, 2015, 10(6): e0129038.

[41] Zhu Q, Lin H S. Comparing ordinary Kriging and regression Kriging for soil properties in contrasting landscapes[J].
Pedosphere, 2010, 20(5): 594-606.

[42] Zhang Y K, Ji W ], Saurette D D, et al. Three-dimensional digital soil mapping of multiple soil properties at a field-scale
using regression Kriging[J]. Geoderma, 2020, 366: 114253.

[43] Hengl T, Heuvelink G B M, Rossiter D G. About regression-Kriging: From equations to case studies[J]. Computers &
Geosciences, 2007, 33(10): 1301-1315.

[44] Brus D J, Yang R M, Zhang G L. Three-dimensional geostatistical modeling of soil organic carbon: A case study in the
Qilian Mountains, China[J]. Catena, 2016, 141: 46-55.

[45] Gallichand J, Buckland G D, Marcotte D, et al. Spatial interpolation of soil salinity and sodicity for a saline soil in Southern
Alberta[J]. Canadian Journal of Soil Science, 1992, 72(4): 503-516.

[46] Li S H, Zhang C M, Hu A M, et al. Building porosity model of coalbed using collocated cokriging[J]. Journal of China

http://pedologica.issas.ac.cn



+ 3 22 4k
Acta Pedologica Sinica

Coal Society, 2007, 32(9): 980-983. [ZF/b4¢, 5Kk B IR, 5% M, 5. KEA# JZ FLIR R BB RIAEAUL[T]. SR 27241k, 2007, 32(9):
980-983.]

[47] Wu S H, Li W K. Multiple-point geostatistics: Theory, application and perspective[J]. Journal of Palacogeography, 2005,
7(1): 137-144. [ R, 23050, £ fdR Gt 2 ——310 . R SR E]. dHU AR, 2005, 7(1): 137-144.]

[48] Matheron G. Principles of geostatistics[J]. Economic Geology, 1963, 58(8): 1246-1266.

[49] Strebelle S. Conditional simulation of complex geological structures using multiple-point statistics[J]. Mathematical
Geology, 2002, 34(1): 1-21.

[50] Meerschman E, van Meirvenne M, van De Vijver E, et al. Mapping complex soil patterns with multiple-point
geostatistics[J]. European Journal of Soil Science, 2013, 64(2): 183-191.

[51] Zhou X Q, Shi P X, Sheil B. Knowledge-based multiple point statistics for soil stratigraphy simulation[J]. Tunnelling and
Underground Space Technology, 2024, 143: 105475.

[52] Cheng Q M. Multifractal interpolation[C]. Proceedings of the Fifth Annual Conference of the International Association
for Mathematical Geology, 1999: 245-250.

[53] Guo F, Ge C, Han Y. Markov chain-based geological properties modeling and its application[J]. Geography and Geo-
Information Science, 2012, 28(1): 47-50. [#8 7K, B, #F5%. R NN /R B} BE 0 b 5 8 1t g A 5 R A D], b 5k
TAE BRI, 2012, 28(1): 47-50.]

[54] Zhao Y F, Sun Z Y, Chen J. Analysis and comparison in arithmetic for Kriging interpolation and sequential Gaussian
conditional simulation[J]. Journal of Geo-Information Science, 2010, 12(6): 767-776. [i&4 Z#¢, FNEI, BR7S. Kriging 4
(AN BT i 2 AR AU SE RS L 2 BT 0], HaBRAE S RH2 2241, 2010, 12(6): 767-776.]

[55] Yao R J, Yang J S, Zhao X F, et al. Three-dimensional stochastic simulation and uncertainty assessment on spatial
distribution of soil salinity in coastal region[J]. Transactions of the Chinese Society of Agricultural Engineering, 2010,
26(11): 91-97. [BRIRIT, BEhfs, BT 5, 2. WIEMETR 338 Eh 43 25 18] 43 A7 ¥ = 4EBE M UBLRL 5 AN PE VAR [3]. Rk
TR, 2010, 26(11): 91-97.]

[56] He Y, Hu K L, Chen D L, et al. Three dimensional spatial distribution modeling of soil texture under agricultural systems
using a sequence indicator simulation algorithm[J]. Computers and Electronics in Agriculture, 2010, 71: S24-S31.

[571He Y, Hu K L, Li W D, et al. Stochastic simulation of three-dimensional spatial distribution of soil profile textural layers
in alluvial plain, North China[J]. Acta Pedologica Sinica, 2008, 45(2): 193-200. [%% 5, #I3i Kk, ZZ LR, 2. LR
JE X A R T b 2 s 18] A1 B = AEREALBEALNT]. 888224, 2008, 45(2): 193-200.]

[58] Wang W P, Liu J L, Li X P. Transition probability based 3D stochastic simulation and uncertainty assessment of soil texture
at field scale[J]. Soils, 2014, 46(6): 1121-1128. [ M, XUEESTL, ZEWEMS. & T HF2 M3 (10 X Ik 438 = 4R R L
HRHg 2 VRN [T]. 135, 2014, 46(6): 1121-1128.]

[59] Caers J, Journel A. Stochastic reservoir simulation using neural networks trained on outcrop data[C]. SPE Annual
Technical Conference and Exhibition, 1998: SPE-49026-MS.

[60] Wu L X, Shi W Z, Gold C. Spatial modeling technologies for 3D GIS and 3D GMS[J]. Geography and Geo-Information
Science, 2003, 19(1): 5-11. [530HF, 230+, Christopher Gold. 3D GIS 15 3D GMS H ()7 [HJ M RLH AR [T]. 2815 4
HE BRI, 2003, 19(1): 5-11.]

[61] Gong J Y, Cheng P G, Wang Y D. Three-dimensional modeling and application in geological exploration engineering[J].
Computers & Geosciences, 2004, 30(4): 391-404.

[62] Li AB, Zhou L C, Lii G N. Geological information system[M]. Beijing: Science Press, 2013. [Z= %3, JE KR, [8] [E 4.
B ARGEM. Abat: B2 TR, 2013.]

[63] Liu Y, Wang K L, Xing X Y, et al. On spatial effects in geographical analysis[J]. Acta Geographica Sinica, 2023, 78(3):
517-531. [XUH, FEFTEE, A5 A, .t 487 o 1 25 [A8ON ], #2234, 2023, 78(3): 517-531.]

[64] Liu Z, Yang W, Li M Z, et al. Three-dimensional point cloud registration method for soil surface based on kinect camera[J].

http://pedologica.issas.ac.cn



+ 3 22 4k
Acta Pedologica Sinica

Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(S1): 144-149. [XI¥R, %, =R, & BT
Kinect A{HLA) 33K [ =25 5T S ECHETTVE[T]. ARMEAUBRAE AR, 2019, 50(S1): 144-149.]

[65] Zhang T, Zhou Z F, Wang LY, et al. A method for soil roughness measurement based on UAV point cloud data[J]. Remote
Sensing for Natural Resources, 2023, 35(1): 115-122. [5kH, K, TBE, 5. T AN A = B 3RS 2
TR BARBIRIER K, 2023, 35(1): 115-122.]

[66] Zhang Z W. Application of close-range photogrammetry technology and 3D laser scanning technology in slope erosion
process[D]. Wuhan: Huazhong Agricultural University, 2022. [5kEff. TSN ER AR Z4E0sHfiE AR
T il R RS2 FH D). L AR K27, 2022.]

[67] Grunwald S, Barak P, McSweeney K, et al. Soil landscape models at different scales portrayed in Virtual Reality Modeling
Language[J]. Soil Science, 2000,165(8): 598-615.

[68] Santos M M L, Guenat C, Bouzelboudjen M, et al. Three-dimensional GIS cartography applied to the study of the spatial
variation of soil horizons in a Swiss floodplain[J]. Geoderma, 2000, 97(3/4): 351-366.

[69] Houlding S W. Spatial data types and structures // Houlding S W. 3D Geoscience Modeling: Computer Techniques for
Geological Characterization[M]. Berlin, Heidelberg, Germany: Springer-Verlag, 1994: 71-86.

[70] Chen H H, Huang T S. A survey of construction and manipulation of octrees[J]. Computer Vision, Graphics, and Image
Processing, 1988, 43(3): 409-431.

[71] Shi W Z, Yang B S, Li Q Q. An object-oriented data model for complex objects in three-dimensional geographical
information systems[J]. International Journal of Geographical Information Science, 2003, 17(5): 411-430.

[72] Houlding S. 3D geoscience modeling: Computer techniques for geological characterization[M]. New York: Springer
Science & Business Media, 2012.

[73] Joe B. Construction of three-dimensional Delaunay triangulations using local transformations[J]. Computer Aided
Geometric Design, 1991, 8(2): 123-142.

[74] Zhou L C. Research on three-dimensional spatial data model and analysis method based on cell complex [D]. Nanjing:
Nanjing Normal University, 2009. [Ji] K. 5T M s 5% I = 4825 (A1 EL K o0 M 50T 8 [D). B aL: B Ry
K2%,2009.]

[75]Chen X X, Wu L X, Che D F, et al. 3D modeling method of geological bodies including faults based on borehole data[J].
Coal Geology & Exploration, 2005, 33(5): 5-8. [MR2% ), RALHT, TRflAe, 25, 56 T8 FLEHE 6 Wt J2 Hh i 7k = 4 i pi
T3], i BT S AR, 2005, 33(5): 5-8.]

[76] Meersmans J, van Wesemael B, De Ridder F, et al. Modelling the three-dimensional spatial distribution of soil organic
carbon (SOC) at the regional scale (Flanders, Belgium)[J]. Geoderma, 2009, 152(1/2): 43-52.

[77] Taghizadeh-Mehrjardi R, Nabiollahi K, Kerry R. Digital mapping of soil organic carbon at multiple depths using different
data mining techniques in Baneh Region, Iran[J]. Geoderma, 2016, 266: 98-110.

[78] Heitkamp F, Ahrends B, Evers J, et al. Spatial 3D mapping of forest soil carbon stocks in Hesse, Germany[J]. Journal of
Plant Nutrition and Soil Science, 2021, 184(6): 635-656.

[79] Xiong Z Q, He H J, Xia Y H. Study on technology of 3D stratum modeling and visualization based on TIN[J]. Rock and
Soil Mechanics, 2007, 28(9): 1954-1958. [FEfH R, BUMAEE, H e, BT TIN fI =402 H 8 & AT AR AR 7L 1]
A+ S1%, 2007, 28(9): 1954-1958.]

[80] Huang J C. Research on 3D Modeling Method of Soil Genetic Horizons based on soil-landscape relationship[D]. Nanjing:
Nanjing Normal University, 2022. [ ¥ 84]. 5T L3500 ¢ R 1 T 88R AE JZ = 4 @A 7 VR0 78 [ D). B 5t 5 Uil
K2, 2022.]

[81] Zhu A X, Lii G N, Zhou C H, et al. Geographic Similarity: Third Law of Geography?[J]. Journal of Geo-information
Science, 2020, 22(4): 673-679. [ARF, (8] [F4E, B AT, £, HEANIME: HE 2R 5 = E /e [1]. HoBk{E B Rl 22
&, 2020, 22(4): 673-679.]

http://pedologica.issas.ac.cn



+ 3 22 4k
Acta Pedologica Sinica

[82] Shen Y G, Li A B, Huang J C, et al. Three-dimensional modeling of loose layers based on stratum development law[J].
Open Geosciences, 2022, 14(1): 1480-1500.

[83] Qu H G, Pan M, Wang Y, et al. Three-dimensional geological modeling from topological cross-sections[J]. Acta
Scientiarum Naturalium Universitatis Pekinensis, 2006, 42(6): 717-723. [JEZLN, &%, £ 5, 4. ETSRiMRN=
2 U], AL ROR AR (E SARLERR), 2006, 42(6): 717-723.]

[84] Wang B, Wu L, Li W J, et al. A semi-automatic approach for generating geological profiles by integrating multi-source
data[J]. Ore Geology Reviews, 2021, 134: 104190.

[85] Mallet J L. Geomodeling[M]. New York: Oxford University Press, 2002.

[86] Guo J T, Wu L X, Zhou W H. Automatic ore body implicit 3D modeling based on radial basis function surface[J]. Journal
of China Coal Society, 2016, 41(8): 2130-2135. [Z8F M5, S 3730, J SOME. JEF45 17 22 o0 S0 h T AT 1R B 2 B s = 4
ERTIR[T]. IR 2E3R, 2016, 41(8): 2130-2135.]

[87]1 Shi Z, Xu DY, Teng H F, et al. Soil information acquisition based on remote sensing and proximal soil sensing: Current
status and prospect[J]. Progress in Geography, 2018, 37(1): 79-92. [ S0 JF, 142, Bt 2F, 2. 435 B ML @ R BUIR
5], kR, 2018, 37(1): 79-92.]

(FR1ESRIE: 124D

http://pedologica.issas.ac.cn



