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4- Forward model
5- Waterloo
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1- Soil- vegetation- atmosphere transfer
2- Richards’ equation
3- Lognormal equation
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1- Levenberg- Marquardt
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6- Mean absolute error

7- Modified Coefficient Efficiency
8- Modified Index of agreement

9- Root mean square error

10- Compare Means Paired t test

1- Grid builder
2- Neumann

3- Specified flux
4- No flow

5- Free drainage
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Figure 1- Schematic of the experimental device and numerical model mesh
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Table 1. Parametersof van Genuchten and Brooksand Corey models estimated by inver se method along with standard
error for broad-litters (K_: saturated hydraulic conductivity, §,: saturated water content, g, : residual water content, «

and 3 shape parameters)

Parameters Hydraulic models Estimated value Standard error
van Genuchten 545 - 0.477 1.200
KS Loglo(cms’l)
’ Brooks and Corey (¢,595'9 0.616 2.980
van Genuchten (545 4 -0.456 0.603
& Log,(-)
) Brooks and Corey (5,55 5559 -0.482 1.200
van Genuchten 345 -4 -1.398 2.690
gr LOgm(_)
’ Brooks and Corey (5,55955's -1.420 9.580
o Log, (e van Genuchten i35 - -1.770 0.340
’ Brooks and Corey (¢,595'9 -0.690 1.320
van Genuchten 345 0.022 0.028
B Log,,(-) St
> Brooks and Corey (5,55 5559 -0.921 0.996
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Table 2. Parameters of van Genuchten and Brooksand Corey models estimated by inver se method along with standard
error for needle-leaved litters (K _: saturated hydraulic conductivity,@sz saturated water content, &, : residual water

content, ¢ and f3: shape parameters)

(NEXTY
Parameters

gy b Juo
Hydraulic models

Ks, Logig(ems™)
6 Log,(-)
0. ,Log, ()

a Log,,(cm™)

ﬁ, LOgm(_)

van Genuchten 345 -4
Brooks and Corey (5,55 9559 2
van Genuchten (545
Brooks and Corey (5,55 9559
van Genuchten (345
Brooks and Corey (¢,s5955's 5
van Genuchten 345 -4
Brooks and Corey (5,55 955's 2
van Genuchten (4545
Brooks and Corey (5,55 9559

owoSd 4lado 3 it glas

Estimated value Standard error
1.226 7.290
1.252 6.340
-0.495 0.762
-0.509 2.050
-1.770 47.900
-1.638 29.800
-1.347 1.430
-0.923 2.300
0.025 0.162
-0.810 1.080
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Table 3. Parametersof van Genuchten and Brooksand Corey models estimated by inver se method along with standard
error for mixed litters (K_: saturated hydraulic conductivity,HS: saturated water content, &, : residual water content,a and

[ shape parameters)

i),y Sy s J eSSl 3 Il slas
Parameters Hydraulic models Estimated value Standard error
van Genuchten i35 - 0.140 2.730
KS Loglo(cns’l)
’ Brooks and Corey (¢,595'9 0.121 1.990
van Genuchten (345 -0.424 3.320
& Log,(-)
) Brooks and Corey (5,55 5559 -0.407 0.297
0. Log van Genuchten 345 -4 -1.770 74.400
00, (-
IR Brooks and Corey (5,55955's -1.456 3.400
o Log, (e van Genuchten 545 -1.509 0.895
’ Brooks and Corey (¢,595'9 -0.719 0.792
van Genuchten 345 0.053 0.110
B _1L0gi(-) o=
’ Brooks and Corey (5,55 5559 -0.697 0.587
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Table 4- Parameters of van Genuchten and Brooksand Corey models estimated by inver se method for broad-leaved,
needle-leaved and mixed litters (K _: saturated hydraulic conductivity, £,: saturated water content, ¢, : residual water

content, ¢ and g: shape parameters)

Estimated value of parameters W ol b  suoss p3lie

L ol sl Juso

Paraﬁn;ét;rs ﬁ:;u]icdmojds SR S s ) bsla
Broad-leaved Needle-leaved Mixed-stand

K. (@ns) van Genuchten (yi3g:5 -y 2.999 16.827 1.380

Brooks and Corey (¢,559;59 4.130 17.865 1.321

00 van Genuchten 4345 - 0.350 0.320 0.377

Brooks and Corey (5559359 0.330 0.310 0.392

van Genuchten 545 0.040 0.017 0.017

0. Brooks and Corey (¢,s5555's 0.038 0.023 0.035

4, van Genuchten (yi3.4:5 -y 0.017 0.045 0.031

@M Brooks and Corey ¢,y 0.204 0.119 0.191

van Genuchten (4345 - 1.052 1.059 1.130

A Brooks and Corey (555555 0.120 0.155 0.201
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Figure 2. Observed and simulated free drainage by Hydr oGeoSphere using van Genuchten and Brooks and Corey models
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Introduction: The forest residuals play an important role in runoff rate, soil erosion, and soil infiltration
capacity of protecting mineral (surface) soils from the direct impact of raindrops. By intercepting rainfall, the
forest residuals serve as a temporary reservoir and allows more time for infiltration into the mineral soil beneath
(Kosugi et al., 2001). Hydraulic properties of forest residuals were unknown to some extent and could not be
measured with similar methods used for mineral soil. In recent years, several studies on the forest floor have
been published (Kosugi et al.,2001; Schaap et al.,1997). The objective of this study was the comparison of
accuracy of van Genuchten and Brooks & Corey models for simulating water flow in forest floor using the
HydroGeoSphere Code of broad-leaved, needle-leaved and mixed-stand floor. First, saturated hydraulic
conductivity, porosity, and water retention curve parameters (van Genuchten equation) which were unknown
parameters in the forest floor were estimated by inverse method. Second, estimated hydraulic properties were
compared statistically.

Materials and methods: Forest floor samples were collected from broad-leaved (beech and others), needle-
leaved (coniferous) and mixed-stand (coniferous and broad-leaved) trees in Guilan province, Iran. In the
laboratory, a plastic wire-netting, composed of 0.3 mm diameter was attached to the bottom of each core sample
to support forest floor. Then the samples were piled up to make long columns of 18.1 cm in inner diameter and
about 40.88 cm in height. Artificial rainfall experiments were conducted on top of the columns and free drainage
from the bottom of columns was measured in the laboratory. Applied rainfall intensities were randomly changed
in the range of 0-0.01 cm/sec. Drainage at the bottom of the tray was collected and measured using an electronic
balance. First, a constant intense rain was applied to reach to steady state condition as a constant discharge rate
from the bottom was established in order to accurately define the initial condition required for the numerical
simulation of unsaturated water flow. After reaching to state steady experiment, transient condition was carried
out. In transient condition, the random rainfall experiment was conducted and the transient discharge rate from
the bottom was continuously monitored. In this study, we developed an inverse method for estimating
parameters based on the Levenberg-Marquardt (Marquardt 1963) minimization algorithm in the C++
programming language along with HydroGeoSphere (Therrien et al., 2008) as a forward model. The model was
used to address two specific issues. First, it was used to estimate the hydraulic conductivity, porosity, and soil
water retention curve parameters (van Genuchten and Brooks & Cory equations) which were unknown
parameters in the unsaturated porous media. Second the water flow in the forest floor was simulated using van
Genuchten and Brooks & Cory equations along with HydroGeoSphere code.

Results and discussion: The results of calibration periods showed that the estimated free drainage using the
optimized parameters exhibits a good fitting with the observed free drainage for all treatments. The good
agreement between simulated and observed free drainage in the validation period for all the forest floor samples
illustrated that the estimated hydraulic properties efficiently characterized the unsaturated water flow in forest
floor. So one could conclude that Richards' equation along with Brooks & Cory and van Genuchten's retention
functions can successfully describe the unsaturated water flow in the forest floors.

Estimated hydraulic properties succeeded to reproduce the observed free drainage in the transient condition,
indicating van Genuchten functions along with Richards' equation can be used to simulate water flow in the
entire forest floors. The results of the study showed that the forest floor samples have large saturated hydraulic
conductivity values like light soils. The results showed that inverse method was not sensitive to residual water
content. Also the results showed that HydroGeoSphere code along with van Genuchten's retention function with

RMSE (0.2753 mimics free drainage better than Brooks & Corey's retention function with RMSE 0.3400 but
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there is no significant difference (P<0.01) between these soil water retention functions for simulation of water
flow in the forest floor samples.

Conclusion: In the forested watershed, forest floor consists of differing kind of litter. Therefore, hydraulic
properties of the forest floor, maybe different. Hydraulic properties were estimated by inverse method for three
kinds of forest floor. Estimated hydraulic properties succeeded to reproduce the observed free drainage in the
transient condition, indicating van Genuchten functions along with Richards' equation can be used to simulate
water flow better than Brooks & Corey's retention function in the entire forest floors.
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