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Fig. 1 Spatial distribution of 35 sample points in Tianran wenyanqu basin
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#% 1l 7 Brakensie1984*1, Cosby1984°!, Campbell & (OM), MAUK&E (6. -33 kPaKor %
19851 | Puckett19857 . Saxton1986"™ . DanePuckett & (633) KPR EAE; b amaf o7 45 51 s
19927 Rawls1992!" CamShiozawa 1994 ' Wosten  JH 1, HAth S %, 41 Campbell /K 73 45 1L #h £k Z
1997 Wosten1999!"*), KCE quation (Pachepsky %%  CN. fLERJE (Po) 4, 4R HTJLAS 52 2 $ok
U4) FILi2007"5% 12 B ol LI RAE L MWA 545, % 1 ZIH T S PTFAT M A\ 2 5 & HAK
SKEMPTFs. ik MmASHomwRgE K.

R1 FAMDRERIE. AASHREFER

Table 1 Pedo-transfer functions and their input parameters and forms

PR A4 R HARSH EEERINIEN
Brakensiek 19844 Sa, Cl, 6, Ks=2.78 x 10exp(x), H: x=19.52365 —8.968 — 0.028Cl + 1.811 x 10*S — 9.413 x 10™ CI*— 8.395 65"

+0.0785a6; — 0.003 Sa’6,> — 0.019 CIP6;* + 1.73x107° Sa’Cl + 0.027 CI?6; + 0.0014 Sa’ds — 3.5x10°° CI*Sa

Cosby19845! Sa, Cl Ks = 7.056x107x 1007001252 = 0.0064C)
Campbell1985°! Sa, Cl, BD Ks =4.0 x 10°(1.3/BD)"*“®exp(-6.88CI — 3.63Si — 0.025)
Puckett1985!7) cl Ks = 156.96 exp(-0.198 CI)
Saxton1986) Sa, Cl, 6, Ks=12.012-7.55 x 10Sa + (-3.895 + 3.671 x 10”Sa—0.110Cl + 8.755 x 10*CI*)/6s
DanePuckett1992"") cl Ks = 303.84 exp(-0.144 Cl)
Rawls1992!' Sa, Cl, BD Ks =24 exp(x), H:': x = 19.523P0 — 8.968 — 0.028Cl + 0.00018 Sa* — 0.0094CI* + 0.000 017Sa>Cl + 0.027
33CI-Po + 0.0014Sa*Po — 0.000 0035CI*-Sa
CamShiozawa1994P1'!! Sa, Cl Ks = 54exp(-0.07Sa — 0.167Cl)
Wosten1997!' Sa, Cl, BD, Ks=1.157 x 107exp(x), P #b+r: x=9.5-1.471BD*- 0.6880M + 0.03690M?— 0.332In(Cl + Si)
oM B FF . x=-43.1 + 64.8BD — 22.21BD*+ 7.020M — 0.1560M>+ 0.9851n(OM) — 0.013C1-OM —
4.71BD-OM
Wosten1999!"?! Topsoil, Sa, Cl,  Ks=1.157 x 107exp(x), HH: B+i: x=9.5—-1.471BD*-0.6880M + 0.03690M?— 0.332In(Cl + Si)
BD, OM 3+ FFL - rhx = 7.755 + 0.035Si + 0.93Topsoil — 0.967BD?— 0.000484CI* — 0.000322Si + 0.001/Si —
0.0748/0M — 0.6431n (Si) — 0.014BD-Cl — 0.167BD -OM -+ 0.030Topsoil Cl — 0.033Topsoil Si
KCEquation!"¥ 0., 033 Ks=2.1x 10°(65 - 0.33)*%
Li2007"% Sa, Cl, BD, Ks=1.157 x 107exp(x), H: x = 16.753 — 2.333log(Sa) — 1.303log(Si) — 0.074Cl — 1.688log(OM) +
oM 3.6050M — 11.106log(BD)

Ve DRSS T LA RO, WMRawls! TGS SPo CLEESLBRED) JEHBD CLEEARUTR) MBI SIS R, i
g (Sa) SFREE (CD f3iH; CamN ZRARDSATZHE, W doiy b 365 B 55 M Topsoilxf &2 1R 1, A= 0.
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( BP-ANN, Back propagation feed-forward neural
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Table 2 Correlation analysis between soil basic properties and Ks

T X2 In (Ks) 22 1In(Ks) 53 )Z In(Ks)
Sa 0.327%* 0.295% 0.183
cl -0.295% -0.356%* -0.099
BD 0.006 -0.508%* -0.176
oM -0.092 -0.191 -0.046
Thas -0.341%* -0.131 0.298
Ths -0.079 0.358** 0.043

e *FRORTE p<0.05 AKFTFRFE: *FRRLE p<0.0l KFTEH.

3.2 ZEAFETNIEFSKEIEE D

1 e Jot - 398 o kb () 26 B, DAREALIEECE 112
AR 2 o a7 R, AR5 BT 5 R R U
oAk, T 169 N 73 )2 UG AT RS BEAS 3 o 45 R
KW, Z 0Bl 5 Boes 3 2 S0 ) TI0I0RS 2 e 4 34
N Rawls1992, 1y FiIN & R fe 2 AN R, &)=
THRS 5 f5c 2514 8 Wosten1997, 55 2 2 HJK)ZHH
Wosten1999., B 5K b% 2L Wosten1997 5 Wosten1999 H
PR Z S H, AHMN S RIFAL, KERAS
Hobk 22 FOI e B8ORS 201, HIHH 211 245
BD (LI E). OM (MRS &) 53
FFAKEFACHEA . (R 2), DLW T8
H 808 2 (1) ¥ 50 Wosten1997 15 Wosten1999 Fiiiill
K FEAN o AN 12 /> bR E5CFIUIIRS FEE 0 B b AN B R
KU, H 2 oo [RH J7 B2 0 45 B 5 g 5L A i
AT T K 2 A G Ve T AW & o BAR 45 B DL
%3,
3.3 AIHEMEMNERS T

BP il 22 I 4% (1) R Bt SR PR e Hidl 4R 5 22 ot
(Bl vEAR TR, % 12 4> PTFs 33 TINGRARG K. 5
Z Ja AT RS 45 BT LA, ik 3
No

& 3 ITLLE H, 12 ANPTEsAF 3 2 358 1 1l 45
A, BP-ANN 7 VA IS B2 48 22 Jo a3 23 A S840 AN e A
FEf e, BAAKBLINAIC, RMSEM/N, R,
* 3 IETLLAH, BP-ANNJVEMAIC, RMSERHE i
FERD N, RPEGZ It RN 5 AT T R 1
P o AT A PTEs Iy Afts) gt 75 vk Sl 15 Tt AE 2 1]
(A R AT A, AR RAGERITE 0.112 ~ 0.589 2
], 2 7e[nl 53 #r e, 2 135, B Wosten 1997, Li2007
PR BR BTN P 25 SR8 1 SIIE 1R A e RO, 3L
4 BB BTk /y ,  HKCEquation 1) I FE & B K,
Puckett1985. DanePuckett1992 /X2, 5 2. 3 213,
SATBRELI2007 T EE REEIN T S A ) A2 57 R 4
HABFAE SR E LR, ANNT 25 3 243
BT [RIRE R, B2 o H0 Tt 0 25 S0k S A AR
Tt R AU A TEIREFE I8N, I DRRE BE S KR A
% B Puckett1985. DanePuckett1992, HAZ{KLIRE L2
TCEIHB T E N T3Ah, SN EANES AL  R AL
ZEBEARPEHHAE. DA EN
Puckett1985. DanePuckett1992 p& % TIE 4% 5+ A2
a5 OB AR S 2R 8, AR P i R e R I —
SE IR P U o
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Table 3 Comparison of evaluation parameters between adjusted multiple regression analysis and ANN
9 fh R A fabr RE TR o2 EtiE 3R
EFMEIE! ANN EFMEIE ANN EFMEIE ANN
SENH cv 0.360 0.493 0.424
Brakensiek1984 Ccv 0.262 0.265 0.278 0.309 0.367 0.346
AlC 248.013 219.825 231.839 198.708 149.457 128.263
RMS 0.719 0.584 0.815 0.621 0.950 0.729
R? 0.395 0.593 0.516 0.741 0.349 0.537
Cosby1984 Ccv 0.127 0.260 0.123 0.256 0.142 0.267
AlC 251.869 228.955 247.195 213.054 145.807 120.117
RMS 0.750 0.634 0.940 0.710 0.931 0.675
R 0.370 0.516 0.407 0.671 0.491 0.700
Campbell1985 Ccv 0.170 0.256 0.178 0.344 0.145 0.327
AlC 263.386 205.226 239.092 202.950 146.359 106.421
RMS 0.793 0.517 0.851 0.633 0.891 0.541
R 0.407 0.720 0.530 0.712 0.500 0.841
Puckett1985 Ccv 0.114 0.132 0.112 0.144 0.136 0.160
AIC 252.231 248.927 245.656 238.199 145.100 144.599
RMS 0.764 0.745 0.943 0.887 0.946 0.952
R? 0.393 0.415 0.449 0.516 0.570 0.471
Saxton1986 Ccv 0.149 0.270 0.157 0.298 0.139 0.312
AlC 258.864 223.674 243.902 206.071 145.721 124.667
RMS 0.778 0.601 0.900 0.660 0.907 0.697
R 0.302 0.565 0.502 0.720 0.468 0.594
DanePuckett1992 Ccv 0.114 0.157 0.112 0.158 0.136 0.129
AIC 252.232 247.105 245.655 239.259 145.100 142.940
RMS 0.764 0.735 0.943 0.895 0.946 0.921
R? 0.393 0.365 0.449 0.497 0.570 0.524
Rawls1992 Ccv 0.248 0.256 0.260 0.336 0.270 0.345
AIC 241.236 217.655 226.992 197.794 127.157 113.122
RMS 0.684 0.575 0.783 0.617 0.719 0.603
R 0.425 0.659 0.489 0.716 0.635 0.731
CamShiozawal994 Ccv 0.127 0.264 0.123 0.256 0.142 0.261
AIC 251.869 228.822 247.195 218.988 145.808 119.970
RMS 0.750 0.633 0.940 0.746 0.931 0.674
R 0.370 0.560 0.407 0.640 0.491 0.687
Wosten1997 Ccv 0.563 0.270 0.334 0.342 0.297 0.333
AlC 337.136 193.705 251.027 202.730 148.389 101.831
RMS 1.344 0.468 0.923 0.621 0.892 0.498
R? 0.407 0.733 0.425 0.757 0.433 0.835
Wosten1999 Ccv 0.232 0.235 0.289 0.352 0.313 0.357
AlC 249.628 201.679 320.146 194.518 202.854 103.220
RMS 0.706 0.511 1.627 0.600 1.762 0.533
R? 0.421 0.706 0.275 0.763 0.343 0.789




442 + 4 %42 %
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KCEquation cv 0.093 0.241 0.095 0.232 0.133 0.246
AIC 257.832 232.536 253.601 233.225 143.534 141.225

RMS 0.773 0.641 0.974 0.825 0.882 0.857

R? 0.368 0.536 0.418 0.513 0.367 0.538

Li2007 cv 0.461 0.237 0.589 0.336 0.487 0.304
AlC 295.524 212.852 269.275 194.788 164.284 112.197

RMS 0.989 0.539 1.072 0.582 1.088 0.567

R? 0.358 0.705 0.460 0.749 0.473 0.801

PN FRFR AR AR 22 AIC 25.958 14.689 23.886 17.225 18.175 14.918

RSME 0.182 0.077 0.219 0.115 0.258 0.149

R? 0.034 0.109 0.068 0.102 0.091 0.132

SRt 12 WRPREEE, MASEE RN R T2 ool A0, o RRE I, BARR
PREL, JET BP-ANN [RUFERCRIRGS, ooy Bfi &S MNRIZAIRZ 145, Wosten1999 bR
HOREBENAN g, XIS T RIS AR, AN TR S, T ss 2 JR 14, Li2007 e& Bt 45 R .
LML IR ERIE 2 105 5, BP-ANN JVAMTL il 2 s,
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Fig. 2 Comparison of three layers’ Ks between measured values and predicted values with Wosten1999 (a), Li 2007 (b), and Wosten1999 (c)
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P IE IS Z IR, K 169 MR Y/E— 25 R8BS T BP-ANN [1 Wosten1999 pR44, [ A
MK T, 255K, Bk KCEquation 4, &k hUbpoh 58 T LIS B rEm, HMASHY
T gE B BP-ANN Jrikfi T2 ocml3 sy, il WA R LB et . BARg Bk 4 pior,

Fz4 169 MEEBLHLBRRAMER

Table 4 Prediction results of total 169 data without layering

PRAL ESMETER T BP-ANN
AIC RMSE R? AIC RMSE R?
Brakensiek1984 226.571 0.917 0.241 202.236 0.741 0.417
Cosby1984 206.738 0.784 0.393 195.998 0.714 0.500
Campbell1985 211.033 0.786 0.370 187.140 0.638 0.542
Puckett1985 206.783 0.798 0.418 204.102 0.780 0.459
Saxton1986 209.451 0.789 0.386 204.595 0.756 0.398
DanePuckett]992 206.781 0.798 0.418 203.355 0.775 0.475
Rawls1992 196.307 0.703 0.404 192.262 0.679 0.529
CamShiozawal994 206.737 0.784 0.393 197.051 0.720 0.523
Wosten1997 240.013 0.996 0.449 194.473 0.668 0.544
Wosten1999 198.441 0.692 0.400 185.493 0.640 0.604
KCEquation 209.636 0.790 0.402 221.627 0.878 0.424
Li2007 233.712 0.943 0.369 192.145 0.655 0.602
3.4 XEWRETRE 1) 3 AR A oK # . SR A ArcGIS H )

AWFFER TN &5 R G WEFT I 3 )2 R B B IS5, R P A s AT XU
5 A BT BP-ANN J5 741 Wosten1999 FE e, 43 BIRIR S TERUEAN [RIR L 1 L 3 v A 2
Li2007. Wosten1999 b &R » A FNR AR SO i KA () 0B, Q] 3 o

|- In (Ks) (cm/d)

1.00 ~1.26
1.26 ~1.45
1.45~1.60
1.60 ~1.85
1.85~2.00
2.00~2.20
2.20~2.50
2.50~2.70
2.70 ~3.00

3.00 ~3.50
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km

B3 RAXERTE 3 ELIEEMSKELSHE

Fig. 3 Distribution map of saturated soil hydraulic conductivity in three layers of Tianranwenyanqu basin
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Table 5 General situations of basic soil properties

A R T 35 H2)7 3

WhiEE (gkg) 503.3 4775 485.5

Frkig s (g/kg) 288.8 304.3 313.7

Fkis i (gke) 152.7 166.8 156.2

S In(Ks) (em/d) 2.319 2.017 2217
4 g

(1) RIRSCE R 2 IR /K% Ks 5
WHE B p<0.01 AKFNEEIEMK; 2 2 FE1
B Ks b HIERRL O B AR AE p<0.01 KT
WEMIG B3 B IR A B, XS RAN
BRI T 7K 2 A B BT s R A — B0 . e Ak
TR TR SRR, WASKERLR, F 2
JEFRLE AT BN, WA SR BN, R 2+
B SRR T 2 20 AFJZR SRS K
2 T B 2R 56 14 R 5 BN 7K1 3 A B

(2) BP-ANN J7iZ A1) PTFs Pl &4 S iH SAk
FZ oA J5 k. 5T BP-ANN J7 vk & 57 1)
Wosten1999. Li2007. Wosten1999 BN #E. 5 2
B JRJE SRR S R s L. XT3 R IR
GG R, N AR W 4% 7 R TROIIDRS 1 5 22 o Bl 45
AAFEREE A & A DM S & 1) Puckett1985.
DanePuckett1992 T 2% 57 22 5034 KR /NF- SEE
(AL S 2R A0, AR TN I AR I — 5 P O
BAEE IS R FE MW, FET BP-ANN 1)
Wosten1999 R EL T R B e, JEL DAL 4y b ek i vh 2% 18
TS EHEF, HRASHS R SRR 8
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Comparison Study of Soil Pedo-Transfer Functions in Estimating Saturated Soil Hydraulic
Conductivity at Tianranwenyanqu Basin

LI Hui-xia'?, LIU Jian-li', ZHU An-ning', ZHANG Jun-hua'?

(1 Institute of Soil Science,Chinese Academy of Sciences, Nanjing 210008, China;

2 Graduate University of Chinese Academy of Sciences, Beijing

Abstract:

100049, China)

In this study, based on soil profile data in Tianranwenyanqu Basin, we evaluated the effect of 12 familiar pedo-transfer functions

according to the fundamental soil properties to estimate the saturated soil hydraulic conductivity, and then explore the applicability of the multiple

regression and BP Artificial Neural Network. The results showed that the prediction accuracy of pedo-transfer functions based BP-ANN is much

better than from multiple regression, Wosten1999 based BP-ANN has the highest prediction accuracy for the surface and the bottom layers, Li2007

for the second layer, while Wosten1999 based BP-ANN is the best model without layering. Besides, we use GIS spatial interpolation to express

visually the saturated soil hydraulic conductivity at different depths, which could provide basic parameters for modeling soil water movements in this

region.

Key words: Tianranwenyanqu basin, Saturated soil hydraulic conductivity, Multiple regression analysis, BP artificial neural network

(BP-ANN), GIS



