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Abstract: To obtain high-precision data of key soil hydraulic properties ( saturated hydraulic conductivity (K,) and field capacity
(F,)) in typical humid mountainous areas in southern China, four models were developed for estimating key soil hydraulic properties
of the topsoil, including the multiple linear regression ( MLR), genetic algorithm-artificial neural network ( GA-BP), support vector
regression (SVR), and random forest (RF). In addition, three input-variable combination modes were also established with terrain
and soil physicochemical properties as inputs that were selected using correlation analysis. Then, four estimation models are compared
with the pedotransfer functions ( PTFs) to estimate key soil hydraulic properties. These estimation models are selected to predict soil
hydraulic properties of the Tunxi Watershed. The results show that the estimation effect of K ranked in descending order as RF, SVR,
MLR, GA-BP and PTFs, while the results of F, ranked as SVR, RF, GA-BP, MLR and PTFs. The spatial variations of K_ and F_ in
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the Tunxi Watershed show a consistency with the spatial variation of elevation, which indicates that there is a close nonlinear
relationship between key soil hydraulic properties and elevation in humid mountainous areas. The SVR and RF models are more suitable
for the regression analysis of small samples, while the GA-BP model requires larger samples to fully capture the features to achieve good
results.

Key words: pedotransfer functions; multiple linear regression; machine learning; saturated hydraulic conductivity; field capacity
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Table 1 Statistical characteristics of physiochemical properties of surface soil in the sampling area

FEESEHE wsor/ % n/% p/(&/em®) w./% w/ % w./% K/(em/d)  F./(m*/m*)
T 4.195 56. 444 1. 067 20. 880 57. 665 21.539 101. 197 0. 546
e KAE 8. 620 64. 590 1. 420 28.268 71.910 32. 600 320. 256 0. 964
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Table 2 Selected pedotransfer functions in this paper
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Table 3 Correlation coefficient matrix of various deformation forms, InK_ and F,

InK| F,
AR i
x X2 Inx e’ x X2 Inx e’
Wy 0.3024 0.24 0.34238 -0. 001784 0. 307 0.2466 0.3533 0.05972
n 0.4776 0.4838 0.47 0.2354 0. 681 0. 6816 0.6784 0.2716
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w, -0.2374 -0.24 -0.2311 -0.1732 -0. 04901 -0.03221 -0. 06425 0.1274
w; —0.4803 -0.49 -0.4689 -0.3002 -0.229 -0.2316 -0.225 -0.1066
w, 0.5095 0. 4662 0.524 0.03235 0.1913 0.1473 0.2218 -0.07315
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Table 4 Input variables corresponding to three modes
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Fig.3 Scatter plot comparison of F_ and In K for five models
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Table 5 Estimation accuracy of five methods

InK, F,
A PR/ i AR

R RMSE/ (em/d) Bias/ (em/d) R RMSE/(m®/m*) Bias/(m®/m®)

Weynants/ AP 0.5148 2.0950 -0.2428 0.9724 0.0903 0.0087

PTFs Waosten/GL -0.0647 5.7507 1.6121 0.9426 0.1428 -0.0209

Jabro/BM 0.8009 2.7159 0.3625 0.7854 0.2344 0.0017

First 0.7263 2.0484 -1.8426 0.8543 0.0558 0.0137

MLR Second 0.7830 1.9866 —1.8440 0.9818 0.0256 0.0135

Third 0.8665 2.0647 -2.0016 0.9940 0.0116 0.0016

First 0.396 4 0.9093 -0.3639 0.9654 0.0343 -0.0073

GA-BP Second 0.6755 1.0231 0.3527 0.9918 0.0178 0.0051

Third 0.7424 0.7134 -0.4313 0.9978 0.0106 0.0019

First 0.7785 0.2456 0.1827 0.8921 0.0029 -0.0071
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First 0.9307 0.2955 0.0529 0.9908 0.0254 -0.0133

RF Second -0.2350 0.8755 0.2971 -0.0581 0.1071 -0.0601

Third -0.6112 0.8022 0.3110 0.0023 0.1029 0.0272
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YR 250 m, K PRHIR AL K. 4T 36. 08 ~ 162. 0lem/d 22 [8] , 24 [ 4% Ji 52 30 rb PR, g 6 v, A 1y DU
TR AT R LA Ja 5 X A R R A AL S B — Bk, B g 5 1B L0 X 1) K, 5 S A7 e A
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Fig.4 Spatial distribution of K, and F_in Tunxi Watershed
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HIZR 6 & 7 "I BAVESE F A ROCRBE  MAG S K, ARXT A2 T e B AR LR, FEAR 2
N T PR IE R R M
F6 HRFIRBENERBZEP InK, BZHEN

Table 6 InK, generalization ability of machine models in small sample

N R RMSE/ (em/d) Bias/ (cm/d)
*%Eg y + N - y 3 N + v s B3 -
UlERS gl S Pl Lanas PlERS Uioallie S
GA-BP 0.5708 0.7424 0.8625 0.7134 -0.2224 -0.4313
SVR 0.5872 0.8858 0.8311 0.1286 0.1238 —-0.0487
RF 0.7882 0.9307 0.6745 0.2955 0.0543 0.0529
®T NRFIRBENERBTER F, BZUEN
Table 7 F,_ generalization ability of machine models in small sample
" R RMSE/(m?®/m?) Bias/(m®/m*)
Lt - - -
IR S Doani s PlIERS Lanis PR S e
GA-BP 0.9399 0.9978 0.2931 0.0106 -0.2780 0.0019
SVR 0.9968 0.9957 0.0117 8.87x107° -0.0021 6.98x107*
RF 0.9236 0.9908 0.0564 0.0254 0.0032 -0.0133

MANZREE RIS UEFE R | £ () I R TSR AR o0 B L B uE 4 22 | D DR Bt SR AR AR 25 /)N, B
B 5 75 e S (PR B ZE VI R A b, 5 i T N RAR 1 OISR S i RRAIG . DA 3 R LR I B 7
YRR UESE b AR IS —30, Hod InK, BTN SCR S 19 /2 RF #E8 SVR BAIIR 2, GA-BP A8
2 [FRE , GA-BP BRIXS F B IR L SVR Fil RF BERIRY 25 | R 1IT , SVR BRI AR /MR AS [a] I 1) B 1 )32
fbfig el , RF BRIR 2

AR ST b A I S R R T G B e N, B A MR L DR SR RS A B E TR AR
PR BEATLE SR 7 5 ) e R R, L I e B 2 2 AR R M, AR R B kT B A A
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c. IKIEIEMFEAr B LI RE BTN o itk K, SVR ARV F o, 45 5 R AR sl K, F1F, 19
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d. K HF, B8RRI EOE Ot TN, I R B R A A BB, BELIAE 5 (7 JE L8 5
PR ER RN RS T FEXT INREA B 4T 1T 1 iy SVR AL 72 AL RE 1 55, RF SR YR 22 | T GA-BP A5
YU B 5 3 R A i A

S Xk

[ 1] T, BIER - FEHh. 36T T R 8500 H 30K Ty PE MG SR SR JR [ T i K224 ( B R B2 ) ,2017,34
(1) :96-101. ( DING Jianli, MUATTAR Saydi. Assessment of soil hydraulic properties using pedotransfer functions-a review[ J].
Journal of Xinjiang University ( Natural Science Edition) ,2017,34(1) :96-101. (in Chinese) )

(2] e, X g vr. + 5K 0 Vi i ki e #E R [J]. K FL24 3 Ji€ 2003, 14 (4) :394-401. (XU Shaohui, LIU Jianli.
Advances in approaches for determining unsaturated soil hydraulic properties[ J]. Advancesin Water Science,2003,14(4) ;394-
401. (in Chinese) )

[ 3] ZREE XS, R T, A J00I R 9K SO 2% U o S 00 R 5 7 3 ) e S8 2 48t o K5O 06 LUAEAITSE () ] 98,2010, 42
(3):438445. (LI Huixia, LIU Jianli, ZHU An’ ning, et al. Comparison study of soil pedo-transfer functions in estimating
saturated soil hydraulic conductivity at Tianranwenyanqu Basin[ J ]. Soils,2010,42(3) :438-445. (in Chinese) )

[ 4] ROSSETIR D C, AMORIM R S S, DI RAIMO L A D, et al. Pedotransfer functions for predicting soil-water retention under
Brazilian Cerrado[ J ]. Pesquisa Agropecuaria Brasileira,2022,57 ;90-95.

[ 5] GHANBARIAN B, TASLIMITEHRANI V,PACHEPSKY Y A. Accuracy of sample dimension-dependent pedotransfer functions in
estimation of soil saturated hydraulic conductivity[ J]. Catena,2017,149 ;374-380.

[ 6 ] BEKE G J,MACCORMICK M L. Predicting volumetric water retentions for subsoil materials from Colchester County,Nova Scotia
[J]. Canadian Journal of Soil Science, 1985 ,65:233-236.

[ 7] WOSTEN J H M,LILLY A,NEMES A, et al. Development and use of a database of hydraulic properties of European soils[ J].
Geoderma,1999,90(3/4) :169-185.

[ 8 ] LIM H,YANG H,CHUN K W et al. Development of pedo-transfer functions for the saturated hydraulic conductivity of forest soil
in south korea considering forest stand and site characteristics[ J]. Water,2020,12(8) ;2217-2235.

[ 9 ] SINGH V K,PANDA K C,SAGAR A, et al. Novel genetic algorithm (GA) based hybrid machine learning-pedotransfer function
(ML-PTF) for prediction of spatial pattern of saturated hydraulic conductivity [ J]. Engineering Applications of Computational
Fluid Mechanics,2022,16(1) :1082-1099.

[10] ZEJmWT, A TCIR. 2 TALER 2% 3] ik i e R B i g [ 1] . R HEK 224 ,2021,40(5) :81-87. (ZUO Bingxin,ZHA
Yuanyuan. Using machine learning methods as a pedotransfer function to estimate soil hydraulic parameters [ J ]. Journal of
Irrigation and Drainage ,2021,40(5) ;:81-87. (in Chinese) )

(1] A 3CBE BT REHIX K 1 280 % 14 s B e[ D). K KR 2021

[12] Z3Ci. B AR I8 s S R SR AL 8 R BT [ D] KR RS TR %, 2020.

[13] ZEm e X B 2%, 545, 4. =0 L st A [) 3% 07 1338 J2 1K SCH Rl S 52 (R 7 [ 1] VI el 3% 9 5 B B8, 2018 ,27
(8) :1809-1818. (LI Xiangfu,LIU Muxing, YT Jun,et al. Soil hydrological function of different altitudinal hillslopes of the Three
Gorges Mountain and its impact factors[ J |. Resources and Environment in the Yangtze Basin,2018,27(8):1809-1818. (in



50 WK E el (AR RS R ) 5552 &

Chinese) )

[147] B, REALR, A5, 45, BTN R KT - S35 K R ALE 18 52 0 R 3R A3 BT [ 0] P R K224 4 ( AL ARBLA ) ,2022,44(5)
58-64. (HUANG Xingcheng , XIONG Shijuan, LI Yu,et al. The influencing factors of soil water holding capacity in the Chishui River
Basin of Guizhou[ J]. Journal of Southwest University( Nutural Science Edition) ,2022,44(5) :58-64. (in Chinese) )

[15] ZHANG K,ALI A,ANTONARAKIS A, et al. The sensitivity of north american terrestrial carbon fluxes to spatial and temporal
variation in soil moisture: an analysis using radar-derived estimates of root-zone soil moisture [ J]. Journal of Geophysical
Research-Biogeosciences ,2019,124(11) :3208-3231.

[16] skifgid, A5, 2558 45, BT HYDRUS-1D S A2 Kk A 55T VG BRI S BUBURME J A7 [ )] I K224 (A
SRBL2ERR) ,2019,47 (1) :32-40. (ZHANG Haikuo, JIANG Cuiling, LI Liang , et al. Parameter sensitivity analysis of VG model in
the varying-head infiltration based on HYDRUS-1D simulation[ J ]. Journal of Hohai University ( Natural Sciences) ,2019,47(1) .
32-40. (in Chinese) )

[17] RUEE, 2R, 28054, 45 T 4 A thois XA B PEREI AE SRk [ T]. K BE IR, 2019,35(6) :9-13. (LIU Jiahong,
WANG Dong, LI Zejin, et al. Measurement and characteristic analysis of infiltration performance in Xiamen spongification
reconstruction area[ J ]. Water Resources Protection,2019,35(6) :9-13. (in Chinese) )

(187 J™%$BH & b, AR, 45 IR i it 3 ne kb 7 55 A8 Ak X B TR ™= ik AR A s e [ 0] 7K 8RR $7,2019,35(6) :44-51. (YAN
Dengming, WENG Baisha, SONG Xinshan et al. Effect of grassland cover change on rainfall and runoff yield in Naqu Watershed
[J]. Water Resources Protection,2019,35(6) :44-51. (in Chinese) )

[19] ATkt , B REmS , R, 55 AILAS 7~ BRI E T 7K R RASADL B W 1 0 A [ ] T 224l ( A AR B i) 2022,
50(4) :74-82. (NIU Xinyi, LU Chengpeng, LU Jiayun, et al. Adaptability analysis of machine learning model in groundwater
depth simulation[ J ]. Journal of Hohai University ( Natural Sciences) ,2022,50(4) ;74-82. (in Chinese) )

[20] BXFI€, A R, 45, S vh Int T AL ) B A 25K SCROM T SR ke [0 ). v B A Al 2240 (3 30) ,2022,30
(1) :38-46. (ZHAO Yuhan, CAO Jiansheng, ZHU Chunyu, et al. Research progress on the formation mechanism of subsurface
flow and its eco-hydrological effects[ J]. Chinese Journal of Eco-Agriculture,2022,30(1) :38-46. (in Chinese) )

[21] B4, Em, & b7 S, 5. bt e X T g 0 1 I 28 708 S AR AR S 5 3 T K IR I SC R [T ] AR5 %41, 2012,32

(4) :198-206. (GUAN Xiaoyan, WANG Shaoli, GAO Zhanyi, et al. Spatio-temporal variability of soil salinity and its relationship

with the depth to groundwater in salinization irrigation district[ J]. Acta Ecologica Sinica,2012,32(4) :198-206. (in Chinese) )

XU, ARt , PR, 4. B 22 VA B RTCHE BP il 25 00 45 A A0 7 [ YT K SCHR i i I [ 1] /K BEIR 5 K CAR 2240

2017,28(1) :40-44. (LIU Peiyao,HAO Zhenchun, WANG Guoqing, et al. Application of Xin’ anjiang model and the improved

BP neural network model in hydrological forecasting of the Min River[ J]. Journal of Water Resources & Water Engineering,

2017,28(1) :40-44. (in Chinese) )

PN, JE v AR, A5 /NI 23 BT 8 A e ot 2 I 46 R 5 A R A ) AR A SO R B B [0 K L RE TR AR 7, 2018, 36

(4):14-17. (SUN Na,ZHOU Jianzhong, ZHU Shuang, et al. Application of hybrid models based on wavelet analysis and two

different neural networks in prediction of monthly runoff[ J]. Water Resources and Power,2018,36(4) ;14-17. (in Chinese) )

[24] WEEA. F T 3CRF ) & [ H 958 1] BB B URRUAE RO M [ D] 7M. AR 3T K 2 ,2020.

[25] WEYNANTS M,VEREECKEN H,JAVAUX M. Revisiting vereecken pedotransfer functions ; introducing a closed-form hydraulic
model[ J |. Vadose Zone Journal ,2009,8(1) :86-95.

[26] JABRO J D. Estimation of saturated hydraulic conductivity of soils from particle size distribution and bulk density data[ J]. 1992,
35(2) :557-560.

[27] AINA P O,PERIASWAMY S P. Estimating available water-holding capacity of western Nigerian soils from soil texture and bulk
density ,using core and sieved samples[ J]. Soil Science,1985,140:55-58.

[22

[

[23

[

[28] GUPTA S C,LARSON W E. Estimating soil water retention characteristics from particle size distribution,organic matter percent,
and bulk density[J]. Water Resources Research,1979,15:1633-1635.
[29] FEE. FHRIL VDb R OK I RPEROHESE D . RIS RR : N Sl ROk R 27,2003,
[30] LIU F,WU H,ZHAO Y, et al. Mapping high resolution national soil information grids of China[ J]. Science Bulletin,2022,67
(3) :328-340.
B B 912023 -07 - 21 Zdl . X BeHa )



