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FOFL A, BXEN, Bk kA

(1 KEERFHIR RGP FH R E R R G R AIS b, K 300072; 2 KA R G Rl 4 50l Hrsl & B il S s s, Rt
300072)

B E: DU 3 SR i . K246 | TR B AAIFSE X, SR 7 BRI 0 PR — 30 R %X (soil pedotransfer function,
PTF)RRITN 133K S1 2404 )y HYDRUS-1D [ERIS4L, SKf# Richards JrBEgR(3 1Sk, IF5 92 L3 SRR #ET AR,
VEA T8 FlS— PTF BEAITUN Y + 35K 1 S 800 £k I RE . LAk, SRA 3 Mor it s 46 & PTF A58, 3P T4 4 PTF
REALN T3 E K P BEIMERE . 450K W] BT van Genuchten 7B FSHE (1 50— PTF VR AR SRS 1398 Bk e i By AR iR 25 A
/INs T H Rosetta3 SRR MTEML, eSS PTF AT, JEF DU AP i d AR R R . SE6 PTF ARBITRIN 3K 12
BRI LAV i 2 24— PTF Bl 80K I S5t sy, 9RFMA— PTF 7R fH B0 T AR 2R KR AL o

KR IERA R 1K IS8 HYDRUS-1D; SEGHAL; DUHrr4k

FESES: S152.7 XERFRERD: A

Performance Analysis of Simulating Soil Moisture Content Based on Single and Ensemble

Pedotransfer Function

LI Qi'2, CHEN Wenjuan' %, SHI Wenhao" %, SUN Shaobo'- %, ZHANG Yonggen" "

(1 Institute of Surface-Earth System Science, School of Earth System Science, Tianjin University, Tianjin 300072, China;
2 Tianjin Key Laboratory of Earth Critical Zone Science and Sustainable Development in Bohai Rim, Tianjin 300072, China)

Abstract: In this study, soil hydraulic parameters estimated by 7 commonly used soil pedotransfer functions (PTFs) were used as
the parameters fed into the HYDRUS-1D model, and soil moisture was obtained by solving Richards equation, and was compared
with the measured dataset at Miyun, Daxing and Guantao stations in Haihe River Basin. The simulation performance of soil
hydraulic parameters estimated by single PTF on the estimated soil moisture was evaluated. In addition, soil hydraulic parameters
were also estimated by three newly developed ensemble PTF, and the influence of ensemble PTF models on the simulation
performance of soil moisture was evaluated. Results show that RMSE of single PTF model based on van Genuchten equation is
the lowest, and the Rosetta3 PTF shows a better performance. The ensemble PTF model developed based on Bayesian averaging
model has the best performance in terms of characterizing the overall trend of soil hydraulic parameters estimated by multiple single
PTF. In addition, the ensemble model can overcome the deficiency of large error resulted from the single PTF in some cases.

Key words: Soil pedotransfer function; Soil hydraulic parameters; HYDRUS-1D; Ensemble model; Bayesian averaging method
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AR A 25 PN S B0 38K ) S5O R DL A R R
JE 5K 3z 2 B o Tl 0 vk an ) A - B pRi
#(pedotransfer function, PTF), i1t #4t + 1425 5
AR B SEA B P Can IR 5 . . APLE S
A5 FHOK IS HZ AR, T 113
IR HFEAE 2R 5 SR R0 e 5 ik T SR RMNEF A
SRR 2 M ACFRMA R R, J2—Fh s 2oikas +
BRI ZH00 7k

TERL L TR 22 8 TR R HL X A 2K
JEEEME T AR PTFY, PEM PTF Mt 45 AU
o LA R O A 4K T S AC S SEIME AR 2, TR
LR R T LR I T Y - K T S R R K
A2 S (AN Richards J5 7R ) RE 75 RSP + 398 &
KR R S . SRR PTF A4
AR T PR B A, B R R RS L, i AE
o A HE VG R, Dai ZRUSEE 4R 28
PTF & R A3 S [ 81 A e i X 2 S Y
TN A S8 0 AR Y o

AL, fH— PTF il +3EK S8 fess
5 BORF TR 2 EAS B 52 P A A ARRT TR0 2 6 1) v
filr, AN T 45 S A R i 2=y R
Ao A S, B— PTF WA T 5 — X
PEATIIEE, WIS — PTF fE5%ks N A HA
A 5 ) 2

H AT, 8GRI R B R SR R SR 1k
WEFERY R Rk, SR, BB R i R AE 0 338 /K
N BRIIGE L HEK iz shad bz Y, 4
HEAVELA R AR ORI E R, DI ST
M A A L5 B — B OIAE = [B]5C &, AT
WU R () TR RE ) o A58 R WA S AR AL AT DL = s
TR TIOR8 AR AR T3 0 4 AN 2 2122 Guiber
SR T REDT ISR ES PTF B, 1511
ARG PTF BTN Rk J) 28k, HOCHEZ AbTE
Tl Ry EER PTF ArBeis G EE . SRR AL
BEJTEFEAPIR, 5E—FUe PHRED, £
SEARPERIE 5 SEME Y 22 HE K/ N A4y BeAE , B
ATEBEA LT sty S miEas
Br RS A R TE Y. AR Hb AR B VE NI (Akaike
information criterion, AIC)**%%, Zhang 57T 4
BRI NCSS P4 1T 13 FfUAR ) 52— PTF Al
FIFE A S A 3 o O+ K 1 SR e, R
FHUU g it 7 4R G PTF B8, 255 R4
& PTF SEAVE + 5K 280 YERe i T — PTF
PR, (HHIFRIEFES PTF FABIXT IS /K S

PAPERE R

AATFERY H SRR AT TSR IR L, 3Tk
AL 3 Al W EE , RIEA R L — PTF il
) e K O Z B AR AN K iz Sl AR R X £
S K BB A RS R R0, R EERD b Al
3 P PTF BEELHON L 3K J1 280, dE— D RGEHE
& PTF BRI 3SR mBUTERE AT, HEEAS
RS PTF BATIERIILS . DFFEER AT kg
BRI LK oriz Bl R, FE T ARG B e 28OT e i
K AR AR S 25 R

1 HREH%®

1.1 U FRE R IR

A G 38 O A i e EL AT 3 2 O - 4 K
el 3 Al m RIS, 2R = P T
T A BT, IS 2L 117.3233°E
40.6308°N) . K243 PN F b m T K% X B 36
WL 5 1 246 BE 116.4271°E ., 39.6213°N), 1B Fi 2%
(07 T b 48 0 P B ] ZE R, UL A5 0 248 4
115.1274°E . 36.5150°N) . 3 i S5 4 & A 2008—2010
A [ B RGh BAE RN S AR S SR Ak
SRR KBRS 10 min f—k, Hh H3EEKE
XL A R 3l 5. 10, 20, 40, 60, 100 cm, ¥
o (T8 28 k8 Bdi B 30 min il —ik . h
fEFRIL, ZRIERSHGE | FRK DA RS IR R
TR EAE— B 18] P2 SR BRA 1Y , [R]I S T
ST RN 308 5 K AR A RS2 e, A TERR A 2R
KT B, 2t ik, AR SCERIEUE 2% =5k 2010
E8H 1 HZE9H 30 H(6l d). K2435 2010 4F 5 H
1 HZ 6 H 18 H(49 VI LKIFEFYES 2010426 H 1 H
27 H 31 H(61 d)100 cm HE LAY L3 5K E R
FEBUBEST
1.2 TE/KOHFHEM KRR S T IBHIGRE(PTF)

AHIFGE A F A 3K S RAAIE I 25403 Brooks-
Corey(BC) /7 #2*Hll van Genuchten(VG) )5 #2054, B4~
IR FRRIEAT

h A
9r+(93—9r)(7bj, h>h

0, h<h,

o(h)= )

o(h) =6, +(6, —Hr)[l+(ah)q_(l_’l’) @)

K O 0070500 F 3B R B KR AN S A 5K
H(emYem®), hy A LHEBE U (cm), 225 TIEALER
JOT AT RIS HL o it I U R O e (1
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ZH(em ), n RWRSEL SRS ROE R, IR R ORI R I E KR =
=) J& Williams %5 PTF #ijll () Z4(#Ei2 1T HYDRUS-1D
AWFCRIGERCT 7RI PTF BIR(EER s s Risioisne . % 1 fEon T ik PTE.
TARLSCEE A 5 YRR U S LR BEL TERE gy 87 LURARIIG PTF 7648 8K A 165 U
5 PTF BLASAGRTSE . JLrh 3 Ff PTF vFH3E T BC A T RRA SO AN PTF H A 8 MY 22
JIREIIK JI 24 4 B PTF tHEEIE T VG r Mg 5, XIS R 7 48— PTF R E2E Y 30
IKNBH. WA, BAVF2E PTF RIMAEEE RS AT T&m, 1LE 2.
Airf 40 Carsel™! Williams® | Tomasella®” | Saxton™® 1.3 #{g4aH)
o WA EROXLE PTF (2N . —J2ik st PTF HYDRUS-1DM""FI 4 FROGHR . Richards 5
HAFRAN PTF, AR PTF S PTF, P, AR O] AU SR T i L Ak,
AR AR R E IR BT AR IR B3Rk HURSMHEIMZATAY AT IESE BC RS VG I
®1 THPTFFIRANARE. IARFMSIARBERER

Table 1 Equations, input factors, citation times and other information used by 7 kinds of PTFs selected in study

PTF ik o K SRR EL
L big A Rk HE A BBk A BB FKEL

Cosby1P” BC N v 1752

Cosby2P”! BC N v v 1752
Campbell*! BC v v v v 332

Rawls*!! VG N v v 698

Wosten!*? VG v v v N \ 1210
Weynants!*’) VG v v v v 173
Rosetta3 !+ VG N v v v 2515

DY 2 2021 4F 11 /1 30 H 5 Cosbyl Hl Cosby2 & Cosby 25 2 [F 23 AN 1 448 A L HERE 5 43 i)t 24 A58 1 75
AN ST AR B AT BT AR ] PTF,
x2 HMEZPIFHIEEAXEMHER

Table 2 The basic soil attribute information of each PTFs

TR Cosby Weynants Wosten Rosetta3 Campbell Rawls
itk (%) 6~92 5.6~97.8 ARt 0~99.7 HREAE AL
Bk (%) 3~58 0~54.8 KAl 0~88.7 5~47 FAt
KE (g/em’) - 1.04 ~1.23 PN 0.5~2.0 At KA
HHLR (%) - 0.01 ~6.6 Rt - - -
e -7 R PTF WA MAIZBIEHE T, “KIBUE" FRMGECRIBIE ARG L; “%” e o5,
S TR S, ASTRSE RS 45— K 0L %=Hﬂgﬁfﬂ (4)
5. 10, 20. 40. 60. 100 cm 45 7K 42 Al ) e E,=ET, e (5)

K ET, WA K 8 (mm/d), LAT R i BUE 4L,
BN R B, WH L 0.397 AR BT A Y
BT B, SH MR, K%l TR RA K,
LALH 2.5; IE R AR FA K, LATEU3.5; %
B ERAERSEN, LALE 4.5,

Al — A5 . K% TR IR R0 46 2%
R RS B AR ] AR R KR H HYDRUS-1D

A1 em TSR AT B0 46 18 K T

X TR, FhRRARIRBEKZE, BEH
R A 5 3 3 1 R K RIS A 2 B ok S 1
RS, FohBokok A B 2 I, i
FEZE UK ET, WER A HYDRUS-1D #R1A [ Hargreaves
AR, BARARIT .

ET, =0.0023R, (7, +17.8)JTR () BRIAMY Feddes BUH. 2 3 AL HETE . HHE%
A h: ET, WK B (mm/d); R, MRS & R RS AN, 3 A s g
(J/(m*s)), RS AEA LM REG T, HEE  2A 50 1, 7852 ORI AR 0 18 | e pLam2e
(C); TR A HEMEESRMEEZ2(C). BESE  BAEYR RSk H 5002 K 1380508 3 )2
B SAETRINIVNERSIEE SLpUNIE e/ rr i FZ . BMXEAKZE. HHOK ISR ERIESE 3

ItAh, HYDRUS-1D K H LA R 7 vk o0 i E 2K 18 FIHIZR 1 7 Ff PTF 1AM A R HOK 1250, =2
T, M AR E E, HAAARWT: JFiz T HYDRUS-1D AL 100 em FREE PN Y L8585
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R3 ZANURBTIEFMFIIAELURM SoilGrids 2B BHLRER

Table 3  Soil textures and bulk densities of three stations as well as organic carbon information extracted from SoilGrids

i a5 TR (cm) + A WRL(%) RL(%) FRL(%) AT (g/em’) AL (g/kg)
vk 0~15 i 23.15 53.22 23.63 1.38 15
15~50 et 27.27 48.89 23.84 1.48 10
50 ~ 100 Bt 48.73 35.32 15.95 1.49 5
Kl 0~30 Kyt 24.03 58.73 17.24 1.4 5
30 ~ 50 Wi+ 25.77 55.92 18.32 1.49 5
50 ~ 100 it 23.91 58.23 17.86 1.4 5
K g 0~25 bR+ 3.48 54.84 41.68 1.47 10
25~ 45 bR+ 3.01 40.35 56.64 1.47 5
45~ 100 ik L 22.15 47.76 30.09 1.53 5

E: BT 3 el RAaIRE L,

IR L RE R I A3 250 m Y Soil Grids 4 BRHIHS - A HLAR i 1 PO e S B 17 A% A A

JBE RS A A LB SRS S, AR L PLBR S R LR R 17 A8 L AU A Y R R ST R OB A v SR A

TURLEA A, DRSS Bk B 7 4(%)

KA, R T EAZERBORE PTF 42110 3k 7
SR I K BRI AE R 1 FEm , AR SO R AL
Gi i 5T 1 5 K LI R Ak £ K S
B, MR EEEARE PTF 2450 3Kk 112
BAEN HYDRUS-1D i ASEL, FFREBHUREGT,
PEMTAHT AR PTF SR AG 7K 7 200 + 1 5k s
PLEE SR B R
1.4 %£& PTFREWHBERZE

AR AR T 3 F Ok A PTF S RoAE
S — P T A R A R — R AT B A A A T I
%5 7 Fh PTF WK T AHIE A9, AxRanF -

W, =— (6)

Krpe i FOREE i Fp PTF, BEECH NAR#FIEH N=17),
wi N i Bl PTF B4 .

S RO R 22 IR, ST O K AN
BEUZE AN A PTF R PACE, BEU4E5 R S0
MUM{EAA 28R PTF S TR0 MAGE, it
DL A

. (7

=
(0" -0,)
=

s M OB KA S, AT R R RN IREE
HAT A% L A OIS AR, B M=l K E <
TREEEL, Bl RE R M=366, K2%uh M=294;
O;™ A5 i i PTF [ j A 8K Rt e’ enr),
O, RNF LAY AR j A4 3 S K B (cm’/em®)

S =R DL Rk BV T UL i
AL, WL D (genetic algorithm, GA)
AR PTF AUALE, X2 —FPAE 73 i i LA ss:
2, R TAURIK S, S 5 K RO

UK PTF 230 S i ROAE o 1205 ks 42 (8) ik
B/ IMER LB

z=2-(2) (8)
N Mo 5
> (6 -0,
F=T5 ©)
2w

i=1

il Fad 3 MOTEETT R IR PTF RS,
N T IACE ZMAET 1, e E I ThREL,
ZIR A0 AU ) L5k R 6% AF:
ARG PTF AR A 5 /K B

N M
DA
j=1

est _ =1
o= = N
ZWi
i

1.5 {EMIERR
R PEA 48 A >R FH 358 5 K 1 U0 0 i RS 481
I IR ZRMSERR RN, A=A D)R.

(10)

RMSE =

(11
e 6 I £ 355 7K i (em/em?) Q;im HiBtT
HYDRUS-1D 5% 1 3 & /K B AE (cm’/em’)
K BB o ARS8 T F A3 iR 22 i Kk
TEM AR . ¥ iR 22N, FnBUUE 5 00m)
(B0 D 22 /), ASEADL RO B

2 HEREHW

21 B—PTF#HIERLEE
E 1 JE/R T F AR BA— PTF $24EH7K 128
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Variations of soil moistures observed and simulated by a single PTF with time at Miyun, Daxing and Guantao stations
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VE NI ZHGE1T HYDRUS-1D A48l i) 336 5 7K
5 0 A O 0L R 0 X B g R, ROk
HYDRUS-1D FrA 04 4 48 75 /K i 5 0 i O I 7E
AL A EREHIE, 7 F PTF 24500 +38K 135
TE—E R YRR e 3 Al s R RIRE 4
JK 2k B s ] 114 28 AR DL
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FERF B3 40 cm Ab) 5 HA PTF B 4 39 5 K it
AFSL, Kia PTF AR EHK T S50 Y
T E KRR F 8 5 SEMME AT, AR
I, HEFEARBEMAE . B 2 LU i),
JER T AR[E PTF JH5 04 7K 8 B[] F7 51 22 ] (4 4 6
FREGERE, BERRE, BB, IR R,
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Fig. 2 Spearman correlation coefficient matrix of soil moisture time
series simulated by 7 PTFs (a case of Miyun station)
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Table 4 RMSE between soil moistures observed and simulated by different single PTF

uli ok PTF 5cm 10 cm 20 cm 40 cm 60 cm 100 cm SR
BT VG Rawls 0.050 5 0.1059 0.114 7 0.1310 0.044 9 0.053 8 0.090 4
Wosten 0.0450 0.079 7 0.089 6 0.108 5 0.037 1 0.0599 0.074 3
Weynants 0.041 0 0.092 1 0.110 1 0.126 3 0.0321 0.077 0 0.086 8
Rosetta3 0.047 8 0.0515 0.054 4 0.072 7 0.083 0 0.022 6 0.058 6
BC Cosbyl 0.041 8 0.0533 0.070 0 0.087 8 0.094 3 0.028 7 0.067 0
Cosby2 0.033 5 0.058 0 0.072 7 0.089 9 0.095 1 0.029 3 0.068 0
Campbell 0.0322 0.071 1 0.080 5 0.096 6 0.078 2 0.022 4 0.068 9
b A VG Rawls 0.028 6 0.024 1 0.026 3 0.051 4 0.0133 0.003 6 0.028 6
Wosten 0.0251 0.030 0 0.039 1 0.074 5 0.011 4 0.008 9 0.038 3
Weynants 0.030 3 0.024 5 0.025 4 0.0510 0.012 6 0.003 3 0.028 7
Rosetta3 0.049 2 0.0512 0.072 8 0.116 4 0.045 4 0.040 6 0.067 8
BC Cosbyl 0.033 5 0.0370 0.054 4 0.091 1 0.029 0 0.023 7 0.050 2
Cosby2 0.038 4 0.040 1 0.057 2 0.096 4 0.033 7 0.028 7 0.054 2
Campbell 0.0357 0.036 9 0.033 8 0.078 4 0.0115 0.007 2 0.041 1
1% VG Rawls 0.1189 0.048 0 0.0339 0.008 9 0.004 8 0.008 3 0.054 4
Wosten 0.099 3 0.104 7 0.068 3 0.087 5 0.057 0 0.009 2 0.077 9
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Fig.3 Variations of soil moistures observed and simulated by ensemble PTF models with time at Miyun, Daxing and Guantao stations
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R5 BUSERMEBE—PTIF53MMES PTF 2218 RMSE £RICE%R
Table 5 RMSE results of optimal single PTF and three ensemble PTF models

i A PTF Scm 10 cm 40 cm 60 cm 100 cm ARG
B Rosetta3 0.047 8 0.0515 0.054 4 0.072 7 0.083 0 0.022 6 0.058 6
S 47 A 0.037 5 0.072 3 0.0839 0.100 8 0.062 0 0.029 4 0.069 3
I7 =R 0.037 8 0.067 4 0.078 5 0.095 7 0.068 3 0.025 1 0.059 6
DU S 2438 0.042 9 0.057 3 0.063 8 0.081 8 0.076 3 0.022 0 0.058 5
KL Weynants 0.0303 0.024 5 0.025 4 0.051 0 0.0126 0.003 3 0.028 7
RSO E RS 0.027 1 0.030 8 0.042 6 0.079 8 0.0136 0.0120 0.041 2
7 {8 0.024 8 0.026 7 0.034 1 0.067 7 0.006 0 0.003 9 0.0345
DU S 293 0.027 4 0.024 3 0.027 7 0.055 4 0.009 9 0.001 5 0.028 7
T Rosetta3 0.067 5 0.068 5 0.0459 0.072 3 0.0354 0.024 2 0.055 4
AR 0.092 3 0.081 5 0.047 7 0.063 4 0.029 8 0.016 7 0.066 2
I BB 0.091 3 0.0753 0.0417 0.059 5 0.027 6 0.016 9 0.064 6
D13 49 0.092 8 0.0551 0.023 4 0.038 6 0.017 1 0.014 1 0.0555
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