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Abstract; Soil hydrodynamic parameters are the basic parameters for simulating the process of soil
material transport in the field. Accurate determination of soil hydrodynamic parameters is of great
significance to achieve precise regulation of farmland habitat. For one-dimensional vertical infiltration
experimental data, based on algebraic and numerical methods, three different objective functions were
constructed, and the applicability of the whale optimization algorithm and grey wolf optimizer was
analyzed to invert the parameters of the Brooks — Corey — Mualem model. The result showed that by
choosing an appropriate objective function, both swarm intelligence optimization algorithms can be used to
invert soil hydrodynamic parameters. In the algebraic method, the whale optimization algorithm optimized
the soil hydrodynamic parameters with the fixed parameters §, and @, under the objective function two
(relative error composed of cumulative infiltration, time, and soil water content profiles) with the
smallest error. The relative errors of the cumulative infiltration volume, infiltration rate, and soil water
content profiles obtained from the inversion parameters were all below 9.74% , the determination
coefficients were all above 0.904 0, and the inversion time was 70 s. In the numerical method, the
parameter error derived from the fixed parameters §, and 6, under the objective function three ( relative

error composed of cumulative infiltration, depth of wetting front, and soil water content profile) of the
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grey wolf optimizer was the smallest. The relative errors of the cumulative infiltration volume, infiltration

rate, and soil water content profiles obtained from the inversion parameters were all below 2. 53% , the

determination coefficients were all above 0.991 7, and the inversion time was 115 s. Therefore, the

algebraic method took a short time and has relatively low accuracy, while the numerical method took a

long time and has a relatively high accuracy.

When inverting soil hydrodynamic parameters, an

appropriate optimization method can be selected according to the error accuracy requirements.

Key words: soil hydraulic parameters; parameter inversion; intelligent optimization algorithm; Brooks —

Corey — Mualem model
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Tab.2 Results of loam parameters inversion by different optimization algorithms and objective functions

./ 0,/ K/ AH X 15 2
87 H A5 R %X FES% HirwREH hy/cm n N
(em®+em ™) (em®-em ™) (em-min ") FHMHE/ %

0. 005 03 0.016 0.470 10. 404 0.194 0.020 6 13.70

0, 0. 005 04 0. 027 0. 469 10. 425 0.196 0.020 6 6.26
HAr %1 0, 0.010 85 0. 035 0.463 12. 443 0.252 0.020 1 16. 00

0,.0, 0.010 94 0. 027 0.463 12.359 0.241 0.020 1 9.75
K, 0.010 68 0.021 0.480 8.539 0.203 0.0220 13.95

WoA 0.063 16 0. 033 0.464 11.956 0.205 0.0200 9.06
0, 0. 063 35 0. 027 0.464 11. 886 0.208 0.020 1 5.31
H 5 pR %L 2 0, 0.063 18 0. 033 0.463 11. 804 0.204 0.0200 10. 94

0, .0, 0.063 38 0. 027 0.463 11.762 0.199 0.0200 8. 14
K, 0. 064 69 0. 034 0. 466 10. 596 0.276 0.0220 14.54
0. 005 03 0.010 0.470 10. 362 0. 191 0.020 6 18. 16

0, 0. 005 04 0. 027 0.470 10. 451 0. 199 0.020 6 5.91

SRR 0, 0.010 85 0. 035 0.463 12. 445 0.252 0.020 1 16.01

0, .6, 0.010 94 0. 027 0.463 12.351 0.241 0.020 1 9.74
. K, 0.01053 0. 035 0.480 8. 603 0.207 0.0220 15. 49
Gwo 0. 062 57 0.034 0. 465 12. 084 0.238 0.0203 9.96
0, 0.062 72 0. 027 0. 465 12.017 0.234 0.0203 5.52

H 5 b6 % 2 0, 0.062 71 0. 033 0.463 11.829 0.218 0.0202 9.65

0,.0, 0. 062 90 0. 027 0.463 11.755 0.213 0.0202 5.71
K, 0. 062 35 0.034 0. 469 9.445 0.248 0.0220 13. 68
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Tab.3 Whale optimization algorithm and grey wolf optimizer algorithm reversed values of other parameters

by fixing 6. and 6 _ by objective function 2

WOA GWO
THUPS MM HARR K/ A X 1R 2 H 5 o K/ AR 158 22
h,/cm n h,/cm n

Ha (em-min~') FEE/ % Bl (em-min~') PEE/ %
1 HE+ 0. 063 38 11.762 0.199 0.0200 0.70 0. 062 90 11.755 0.213 0.0202 0.37
2 TR EE £ 0. 044 32 27.265 0.309 0.007 1 1.87 0.017 98 36. 981 0.288 0.005 8 5.39
3 i 0.047 28 43.652 0. 136 0.000 9 1. 67 0.047 28 44.034 0. 136 0.000 9 1. 86
4 b+ 0. 055 29 13.964 0.416 0.0458 3.03 0. 05529 13.963 0.416 0.0458 3.04
5 Foy 4 £ 0.073 00 23. 847 0.219 0. 009 6 1.57 0.073 00 23. 860 0.219 0.009 6 1.58
6 MK+ 0.056 10 30. 759 0.135 0.001 6 0.65 0.056 10 30. 813 0.135 0.001 6 0.63
7 Wt 0.039 57 8. 657 0. 545 0.3350 1.54 0. 024 90 8. 065 0. 545 0.3427 0. 65
8 Henb + 0.063 57 9.122 0.631 0.096 5 3.81 0. 069 50 8.036 0.571 0.097 3 1. 66
9 R4+ 0.067 67 24.973 0.253 0.004 0 3.22 0.061 27 26.274 0. 245 0.003 8 2.27
10 TR+ 0.072 18 31.103 0. 147 0.0023 0.23 0.072 18 31. 142 0. 147 0.0023 0.23
11 WhFKE £ 0. 066 85 23.790 0. 191 0.002 3 2.64 0.061 53 32.071 0.239 0.002 0 6.34
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Fig.4 Comparison results of algebraic method and

HYDRUS — 1D simulation of cumulative infiltration
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Fig.5 Comparison results of algebraic method and

HYDRUS — 1D simulation of infiltration rate
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Fig. 6 Comparison results of algebraic method and

HYDRUS — 1D simulation of soil water content profile
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Tab.4 Grey wolf optimizer algorithm and whale optimization algorithm reversed values of other parameters by

fixing 6, and 6_ using objective function 3

GWO WOA

EHFE BMOKT AR he K/ Mz Bl hy/ K/ i

it " em  (ememinl) FHIE/%  M(E " em  (ememinl) VA%
1 %+ 0. 000 08 0.220 11.137 0.0220 0.06 0. 000 77 0.220 11.266 0.0219 0.52
2 W R EE + 0,000 06 0.250 28. 131 0.007 2 0.10 0. 000 22 0.249 28.192 0.007 1 0.45
3 Hh 1 0. 000 25 0.131 37.821 0.0010 0.89 0.001 17 0.130 42. 844 0.0009 9.18
4 e+ 0.169 44 0.322 14. 669 0.0430 0.06 0.169 44 0.312 14. 672 0.042 8 1.23
5 b 1 0. 000 09 0.211 20.738 0.0113 0. 04 0.001 32 0.208 21.227 0.0111 1.89
6 ¥y Bk 0.000 22 0.127 34.614 0.0015 0.72 0.001 18 0.126 38.470 0.001 3 7.91
7 WA 0. 000 75 0.584 7.191 0.3503 0.75 0. 002 81 0.512 7.358 0.344 17 5.52
8 Hewh + 0. 000 08 0.474 8.703 0.1018 0. 06 0.002 71 0. 454 8. 380 0.1022 2.72
9 A+ 0.000 12 0. 194 25.998 0.003 8 0.26 0. 000 95 0. 194 25.160 0.0039 1.74
10 KJEKEEL 0.00008  0.151  32.414  0.0025 0.32 0.09193  0.097 31.350  0.0024 15.20
11 B JFOKEG £ 0.000 31 0.168 28. 692 0.0020 1.05 0. 000 59 0. 169 29.710 0.0020 1.28
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Fig.7 Compared result of numerical method and

HYDRUS — 1D simulation of cumulative infiltration
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Fig. 8 Compared result of numerical method and

HYDRUS — 1D simulation of infiltration rate

LRI AR X R 22, WU T L AR [ 5E 6, .0, I B4

(¢ -+, (d) b+
9  B{H 75 HYDRUS — 1D #E48175 3 1
- T KRR T
Fig.9 Compared result of numerical method and

HYDRUS — 1D simulation of soil content profile
S PR BE LA v
2.3 FHiEWIE

Sk VA B T 1 RN B D7 3k I T 2 R
Ph MU SRS 1 A B I 5 s (Wb 4
A% 180 min, W& 10 Ff 7R ) A7 S, Horp B i) 1
(2 %06,.60, h,.n. K 45 F:0.018 cm’/cm® |
0. 450 cm’/em’ 68. 000 c¢cm .0. 297 .0. 023 0 cm/min,
EARBOT S EBE T LT EE 6, .0 RESE h, on.
KB ERABESREERE ABR5EH
TR BE ) T B KRR B IR B G R W El 10
FI s o

FERE T b AN [ S50 fig £ fE A R
WIS B 8 6,.0, h,n K 53H4:0.013 cm’/em’ |
0.425 ¢cm’/cm’ (61. 829 cm 0. 147 0. 019 2 c¢m/min,
RRAB & AB SR HTH 5 K03 22 53900 8



%5 1) BAR F TR RIS R 3K 3 1 280U 333

i BUE fi
10 15 20 25 30 35 5 10 15 20 25 30 35

z Jem
/

0
6 10 14 18 22 26 30 3
z/em

20 25 30 35

- Hd

5 10 15 20 25 30 35

/
«

(b) ;:“(Dﬁﬂ}‘
10 2 0, .00 ARBO 1 B 7 5 RO AT 2 I SRR
AB i A A A SR I K 35 SE I B B X T

Fig. 10 Cumulative infiltration, infiltration rate and soil

water content profiles obtained by algebraic method and
numerical method compared with measured Chengang

soil data when 6, and 6 were fixed
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