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Soil hydraulic functions — main soil input data

Soil water retention curve; © = f(h) Hydraulic conductivity function; K=f(h)
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Identifying the soil hydraulic functions

Measurements (lab, in situ) Estimate from other soil properties

= we use pedotransfer functions (PTFs)
Due to the numerical scheme we need continuous functions

» Measurements are usually done at few — » We can estimate discrete points and fit an
up to 8-10 — data points — NOT enough analytical function

» We need to fit analytical functions to » We can estimate the parameters of the
measured data analytical function directly

The most commonly used analytical description of the two
functions is the van Genuchten — Mualem method
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The van-Genuchten model for soil water retention curves

SWAP manual: The analytical 8(h) function proposed by Van Genuchten (1980) reads:
( ) ary m=1 1
6=0, +(6,,—6.)(1+|ah[") =1——
Ies sat Ies
. It (‘2;‘#)
ISOILLAY1 [DRES OSAT ALFA NPAR ]KSATFIT LEXP ALFAW H_ENPR KSATEXM BDENS
1 0.01 0.42 ©.0276 1.491 12.52 -1.060 ©.0542 ©.0 12.52 1315.0 ry
2 0.02 0.48 ©.0213 1.951 2.68 ©.168 ©.0426 ©.0 12.68 1315.60
3 0.02 ©.38 ©.0213 1.951 12.68 ©.168 ©.0426 ©.0 12.68 1315.60
* --- end of table

* If SWSOPHY = 1, specify names of input files [A80] with soil hydraulic tables for each soil laye, 5)
FILENAMESOPHY = 'topsoil_sand B2.csv', 'subsoil_sand 02.csv' -

OSAT or O, - saturated water content (cm? cm-3)

ORES or 0, - residual water content (cm3 cm™3)

ALFA or a (cm1)
NPAR or n (-) empirical shape factors

m (-)
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The van Genuchten — Mualem model for the K(h) curve

SWAP manual:
— -2
5 x,.m —_—
n l_ j; _ E} E}Des
_ . _Om —
K=K_S1-|1-5: e~ 8 _o
sat Tes
ISOILLAY1 lDRES OSAT ALFA NPAR | KSATFIT LEXP ALFAW H_ENPR | KSATEXM BDENS I
1 .01 e.42 8.8276 1.491 1..52 -1.06b ©.8542 ©.8 12.52 1315.8
2 0.2 ©.48 ©.8213 1.951 2.68 ©.168 ©.0426 ©.80 12.68 1315.8©
3 e.e2 e.38 e.8213 1.951 12.68 e.168 8.8426 6.0 12.68 1315.8
¥ --- end of table

* If SWSOPHY = 1, specify names of input files [A88] with soil hydraulic tables for each soil laye
FILENAMESOPHY = "topsoil_sand_B2.csv', 'subsoil_sand_02.csv'

s

KSATFIT or K .- saturated hydraulic conductivity; fitted (cm day!)
LEXP or A — shape parameter (-)

KSATEXM — measured hydraulic conductivity; fitted (cm day?)
BDENS - soil bulk density (mg cm3)
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Measured and fitted soil water retention curves

10 3 - 3 v v
(a) - (b) — TIS Van-Genuchten model (VG)
sl - . — - FPS
10 | . + . - VG 7
j ' % Measured data Other models
104 * i * 1

In SWAP you can not define

parameters for other models

Capillary head h (cm)

than van-Genuchten — Mualem

TIS: 3.08
ol FPS:1.55 Theoretical o = 4
1 o " 2 1 2 1 1
0 0.1 0.2 0.3 0 0.1 0.2 0.3 0.4
Soil water content 6 Soil water content 6

Chan et al. 2004
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Soil input data

Parameters of analytical functions Table format: user-defined data

O @&== SWSOPHY =) 1

[ Swap.swp - Notepad

File Edit Format View Help
* Part 5: Soil hydraulic functions A

*ISwitch for analytical functions or tabular input:
WSCOPHY = @ ! @ = Analytical functions with input of Mualem - van Genuchten parameters
I 1 = Soil physical tables

* If SWSOPHY = @, specify MvG parameters for each soil physical layer (maximum MAHO):
ISOILLAY1 = number of soil physical layer, as defined in part 4 [1..MAHO, I]

= Residual water content [@..1 cm3/cm3, R]

= Saturated water content [B..1 cm3/cm3, R]

Parameter alfa of main drying curve [©.6001..1e@ /cm, R]

Parameter n [1.8€1..9 -, R]

Fitting parameter Ksat of hydraulic conductivity function [1.d-5..1d5 cm/d, R]
Exponent in hydraulic conductivity function [-25..25 -, R]

Alfa parameter of main wetting curve in case of hysteresis [©.eeel..1ee /cm, R]
Air entry pressure head [-40.0..8.8 cm, R]

Measured hydraulic conductivity at saturated conditions [1.d-5..1d5 cm/d, R]

= Dry soil bulk density [1ee..1ld4 mg/cm3, R]

ISOILLAY1 | ORES OSAT ALFA NPAR KSATFIT LEXP ALFAW H_ENPR KSATEXM BDENS
1
2 0.02 0.48 8.8213 1.951 2.68 8.168 ©.8426 6.0 12.68 1315.0
3 8.02 8.38 8.8213 1.951 12.68 8.168 ©.0426 ©.0 12.68 1315.@
¥ --- end of table

* If SWSOPHY = 1, specify names of input files [A8@] with soil hydraulic tables for each soil layer:
FILENAMESOPHY = 'topsoil sand_B2.csv', ‘'subsoil_sand_02.csv' %

Ln 558, Col 1 100%  Windows (CRLF) ANSI




Table format for user-defined data

L
layer2n.csv

layer5n.csv E layerin.CSV
layer3n.csv E layerdn.csv

» h — water potential (cm)
> Q — soil water content (cm3 cm-3)

» K — hydraulic conductivity (cm day?)

» Use small increments

» Separate file for each layer

-0 0000000 ] @ OPTAIN

1
2
3
A
5
6
7
8
9

10
11
12
15
14

h
headtab

[ -1E+07

-5000000
-2000000
-1500000
-1200000
-1000000
-500000
-200000
-150000
-120000
-100000
-50000
-20000

C

K

thetatab conductab

0.103427
0.109281
0.118016
0.121015
0.123432
0.125468
0.133737
0.146074
0.150311
0.153725
0.156601
0.168281
0.185707

3.90E-13
1.64E-12
1.10E-11
2.00E-11
3.18E-11
4.64E-11
1.95E-10
1.21E-09
2.38E-09
3.78E-09
5.51E-09
2.32E-08
1.56E-07



Table format for user-defined data

¥ L L
:a layer5Sn.csv E layerin.CSV E layer2n.csv
[® Swap.swp - Notepad
File Edit Format View Help
* Part 5: Soil hydraulic functions ~ K
* Switch for analytical functions or tabular input:
SWSOPHY = ® ! @ = Analytical functions with input of Mualem - van Genuchten parameters ab conductab
! 1 = Soil physical tables
427 3.90E-13
* If SWSOPHY = @, specify MvG parameters for each soil physical layer (maximum MAHO):
> * ISOILLAY1l = number of soil physical layer, as defined in part 4 [1..MAHO, I] 281 1.64E-12
* ORES = Residual water content [©..1 cm3/cm3, R]
* QSAT = Saturated water content [©..1 cm3/cm3, R] 016 1.10E-11
* ALFA = Parameter alfa of main drying curve [©.8€€1..100 /cm, R] _
> * NPAR = Parameter n [1.061..9 -, R] 015 2.00E-11
* KSATFIT = Fitting parameter Ksat of hydraulic conductivity function [1.d-5..1d5 cm/d, R] 437 3.18E-11
* LEXP = Exponent in hydraulic conductivity function [-25..25 -, R] :
> * ALFAW = Alfa parameter of main wetting curve in case of hysteresis [8.0001..100 /cm, R] 168 4.64E-11
* H_ENPR = Air entry pressure head [-40.6..0.8 cm, R] "
* KSATEXM = Measured hydraulic conductivity at saturated conditions [1.d-5..1d5 cm/d, R] 7327 1.95%E-10
* BDENS = Dry soil bulk density [1@@..1d4 mg/cm3, R] :
074 1.31E-09
ISOILLAY1 ORES OSAT ALFA NPAR KSATFIT LEXP ALFAW H_ENPR KSATEXM BDENS
| 1 .01  ©.42  @.8276 1.491  12.52  -1.60  ©.8542 ©.0 12.52 1315.0 311 2.328E-09
> 2 0.02 .48 9.0213 1.951 2.68 ©.168 ©.0426 0.0 12.68 1315.8
3 .02  ©.38  ©0.0213 1.951  12.68 ©.168  ©.0426 0.0 12.68 1315.0 725 2 .78E-N9
*¥ --- end of table
> 601 5.51E-09
* If SWSOPHY = 1, specify names of input files [A80] with soil hydraulic tables for each soil layer:
FILENAMESOPHY = '"topsoil sand_B2.csv', 'subsoil_sand_02.csv' J281 2.32E-08
< >
Ln 558, Col 1 100%  Windows (CRLF)  ANSI 707 1.56E-07
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Identifying the soil hydraulic functions

Measurements (lab, in situ) Estimate from other soil properties
OPTAIN: Contact Brigi for the WP3 R script ns (PTFs)
> Fitting analyti Outside OPTAIN: contact Brigi and Attila lons from
measured dat ) measure

BUT...

+ you could check https://www.sciencedirect.com/science/article/pii/S0098300421001898
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Identifying the soil hydraulic functions

Measurements (lab, in situ) Estimate from other soil properties
ns (PTFs)
Outside OPTAIN: contact Brigi and Attila
> Fitting analyti ions from
BUT ) measure

> ‘WM
B e n T WP
1 oy 3:-“-_‘5'\“
% o

T

Mirect.com/science/a
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Identifying the soil hydraulic functions

Measurements (lab, in situ) Estimate from other soil properties

= we use pedotransfer functions (PTFs)

> Fitting analytical functions to > Estimate soil hydraulic functions from
measured data properties that are easier to measure
RETC tool ROSETTA neural network

+ you could check https://www.sciencedirect.com/science/article/pii/S0098300421001898
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Using the ROSETTA neural network

» Install the HYDRUS-1D model from here:

https://www.pc-progress.com/en/Default.aspx?Downloads

> Start any of the example projects

» Open the table with soil hydraulic propg

b HYDRUS-1D - [KVIT_GD_2017_met_rla_2_4h1d_INV] - O

> C“Ck On Neural Network Pred|ct|0n B! File View Pre-processing Calculation Results Options Window Help - 8 X

o _ D@l & =(8|(m| 2% o
» Make your estimation depending on  [Preprocesing | [Post-processing |
E; Main Processes % Observation Points
. I E Inverse Solution Profile Information
data avallablllty E/ Geometry Information Water Flow - Boundary Fluxes and Heads

000
E./ Time Information 000 Soil Hydraulic Properties
5 Print Information 000 Run Time Information
=71 Water Flow - Iteration Criteria WJ Mass Balance Information
[ZZ1 Water Flow - Soil Hydraulic Property Model 000 inverse Solution Information
[0 Water Flow - Soil Hydraulic Parameters 000 Meteorological Information
I Water Flow - Boundary Conditions
— [0 Water Flow - Deep Drainage BC
@ Root Water Uptake - Models

@’ Root Water Uptake - Water Stress Reduction
F(#) variable Boundary Conditions

F(f) Meteorological Parameters

F(#) Meteorological Conditions

@ Data For Inverse Solution
Soil Profile - Graphical Editor
Soil Profile - Summary
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Using the ROSETTA neural network

Water Flow Parameters - Inverse Solution - Matenal 1

Q| Qs Alpha ] n _ Ks o
Initial Estimate 0.1 0.5 0.01 1.21 30 0.47
Minimum Value 0 0.3 0 0 0 -3
Maximum Value 0.1 0.65 1.5 3 300 3
Fitted ? I I [ - [ [
Soil Catalog for Initial Estimate: | || Neural Network Prediction ‘
‘ OK \ Cancel ‘ Previous ... Next ... Help ‘
& OPTAIN




Using the ROSETTA neural network

KX Rosetta Lite v. 1.1 (June 2003)

~ Select Model
" Textural classes " SSCBD+ water content at 33 kPa [TH33)
" % Sand, Silt and Clay [SSC) " Same + water content at 1500 kPa [TH1500)

+ %Sand, Silt, Clay and Bulk Density [BD)

~Input - Output
Textural Class _'] Theta r [em3/cm3)]
Sand [%4] Theta s [cm3fcm3]
Silt [2%] Alpha [1/cm]
Clay [%] n [
BD [grfcm3] Ks [cm/day]
TH33 [em3/cm3]
TH1500 [cm3/cm3] Help! | Predict || Accept | Cancel
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Using the RETC software

> Prepare your data in the following format:

Retention Curve Data

Pressure Theta . Weight N

1 18 0.3863 1] ok |

2 5 0.3765 1

3 10 0.3683 1 Cancel
_4 30 0.3641 1 _

5 50 0.3562 . Previous ...

6 100 0.339 -

7 300 0.3197 1 Next ...
— 2000 0o ! Add Line

9 3000 0.2844 -

—~ L 0.3 1 Delete Line

1 5 0.3631 1
12 10 0.3526 1 Help ...

13 30 0.3395 1

L 50 0.3287 1le
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Using the RETC software

> Install the RETC from here:

https://www.pc-progress.com/en/Default.aspx?retc

> Paste your data in the ,retention curve data”

» Run the program and get your estimates

RETC - [Kvit June B 1 1]

- Project Input Execute Results View Window Help - 5 X
D @@ H ¢ =80 2w

Pre-processing Post-processing

5/ Type of Problem 000 Graph of Soil Hydraulic Properties

2/ Scale Units 00 RETC - Output ASCI File

2/ Type of Retention/Conductivity Model
=) Z Soil Hydraulic Parameters
"B Retention Curve Data
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csilla.farkas@nibio.no

Thank you © o200 orman
fOI‘ YOUI‘ | o @H20200PTAIN
attention! \

5
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