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Fig.1 Location of the study area and test site
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Tab.1 Basic physical properties of loess in undisturbed soil column
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90 18.36 1.6 1.348 2.70 1.13 31.1 16.5 22.4 77.6
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Fig.2 Schematic diagram and photograph of the soil column design

REMBRNE IR AR RSB, 1R
T A 30 AR 7KK Jaih. 7E 10 em,
20 cm. 30 cm. 45cm. 60 cm. 75 cm A1 90 cm VA
A 7 NK 1, £E 20 em. 45 ecm Al 75 cm IR
AW 3 ANk At (B 2a) o 356 2 R B R e
4t/ H DataTaker 22\ JF & ) DT80 £#a K4
A5 B AE PR 31 5k 5 B U (K 2

(b) » KL B R [E BE A 3 mine K5 T1-8
(P2 A A IR BR )15 A PR A 7 A2 = 1) CSF-11 B4 -
Bk ARk g, KO EFEN 0~0.60 m*-m™>, I &K
& RE3%; G J3 TS 1) B AR SR s A PR A
AETE CYYZ31A BUJE AR %S, mREN-
100~0kPa, RZ{E 0.5%LAN .

R T 2022 4 7 A 23 HIFRE, ZHMRXE



ZEig iR 90 m*w, X R BT RBUK B
55, RIS AR WL 3. —RPEIN 38.2 kg HEWEIK,
o} AR FRK T BE N 13.1 em,  DUREHLLA BH R 35 K
AKIBHESAE . RGP 500, FERA SR FE D
S AR IR P B N 1] (1) 25 4k

- e

L

0 0 A ¢ § VIR R - a
B3 THEHFAAANSHREREE
Fig.3 Schematic diagram of the ponded infiltration
test for the soil column
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Fig.7 Variation characteristics of wetting front arrival time at different depths under parameter perturbations
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Sensitivity Analysis of van Genuchten Model Parameters in Undisturbed Loess

under Ponded Infiltration
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Abstract:

[Objective] This study aimed to investigate water migration in undisturbed loess under ponded infiltration,

quantify the effects of hydraulic-parameter perturbations on wetting-front movement, and provide parameter support for

water-field simulation and infiltration-risk assessment of loess slopes. [Methods] A ponded infiltration test was conducted



on a large undisturbed loess column collected from the Jingyang South Plateau, Shaanxi Province, with an initial ponding
depth of 13.1 cm. Volumetric water content and matric suction were monitored at multiple depths. The two types of time-
series observations were jointly incorporated into the HYDRUS-1D Inverse module to estimate the van Genuchten (VG)
model parameters. Model performance was evaluated using the root mean square error (RMSE) and Nash—Sutcliffe efficiency
coefficient (NSE). A +20% single-factor perturbation method was then used to evaluate the sensitivity of individual hydraulic
parameters based on wetting-front arrival time. [Results] (1) The multi-objective inverse modeling satisfactorily
reproduced the temporal variations in volumetric water content and matric suction at different depths. (2) The overall
sensitivity of the hydraulic parameters followed the order of saturated water content, saturated hydraulic conductivity, pore-
size distribution parameter, reciprocal of air-entry suction, and residual water content. (3) Increasing saturated water content
and the reciprocal of air-entry suction delayed wetting-front movement, whereas increasing saturated hydraulic conductivity,
pore-size distribution parameter, and residual water content accelerated it. (4) Parameter sensitivity varied non-monotonically
with depth, and different parameters exhibited distinct depth-dependent sensitivity characteristics. [Conclusion] The
HYDRUS-1D model calibrated using the large undisturbed loess column adequately described water migration under ponded
infiltration. Wetting-front movement was jointly controlled by soil water-storage capacity, water-retention characteristics,
and hydraulic conductivity. The results provide a basis for hydraulic-parameter selection and water-flow simulation in loess
slopes.

Keywords: undisturbed loess; ponded infiltration, HY DRUS-1D; hydraulic parameter inversion; sensitivity analysis



