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1 Structure of the program

MACRO 5.22 consists of a number of different linked modules and components:
1. The MACRO graphical user interface
2. The MACRO model code used to run a simulation
3. An MS Access database used for storage of projects and simulations
4. Formatted files containing driving data, measured data etcetera
5. Additional program, (e.g. programs for Monte-Carlo simulations)

The model code itself is written in FORTRAN, and this is linked to a graphical user-
interface (GUI) written in Microsoft Visual Basic 2008. The simulation model and the
GUI communicate through files (e.g. driving data files) that are either in ASCII
(extension .txt) or binary format (extension .bin). All information needed to run the
system is stored in a Microsoft Access database. Although this is not necessary, several
different MACROS5.2 databases can be maintained, containing information on different
projects. You can switch between these different databases by clicking on “File->
Change database”.

=1 MACRO 5.2

W | Execute  Tools  Help
Mew, ., Chrl+M
Qpen... Chrl+O

Change database...

Delete. ., CtrHD

| Exit Chrl4+Q

The default database supplied with the model is called PROJECT_MACRO_5.mdb.
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The GUI is also ‘loose-linked’ to some auxiliary software programs, for example the
UNCSAM programs for model sensitivity and uncertainty analysis.

1.1 File formats

This section describes the formats used for input weather data files and files containing
measured data, how to create these files in text format, and how to convert them into
MACRO binary formatted files using the MACRO 5.22 Wizard.

Input files should be prepared as ASCII files with .txt extension, using an ordinary text
editor (e.g. Microsoft Wordpad or Notepad) or Excel. Columns should be tab-separated,
and without headers. It is important to make sure that the decimal separator (comma or
point) in the text files matches the regional settings on your PC. The ordering of file
columns is free, but the date/time should always be in the first column, specified as
follows:

YYYYMMDDHHMM (e.g. 199903171245 which is 17th March 1999 at 12:45). The
following separators between the year, month, day and time values are allowed: “ *, “-“,
“7, 7, for example “1999:03:17 12:45”, or 19990317 12:00”.

If all your data has a daily resolution, then the hours and minutes can be skipped (e.g.
19990317).



1.1.1 Weather data

Two weather data files are needed to run a simulation in MACRO 5.2, one containing
only precipitation data, the second containing air temperatures and either pre-calculated
daily potential evapotranspiration, or the meteorological data required to calculate
potential evapotranspiration:

1.) Either hourly or daily rainfall data may be used. Figures are given in millimetres. A
daily rainfall data file might look like this:

19990104 2.2
19990105 0.0
19990106 0.2
19990107 0.6 and soon.....

An hourly rainfall file might look like this:

199901041030 2.2
199901041130 0.0
199901041230 0.2
199901041330 0.6
199901041430 0.0 and soon.....

2.) The remaining weather data required by the model can be specified in two different
ways. In both cases, a daily resolution is required:

a.) A file containing the meteorological data required to calculate potential
evapotranspiration internally in the model using the Penman-Monteith equation. The
data needed are: solar radiation (Wm-2), maximum and minimum air temperatures (oC),
vapour pressure (kPa) and wind speed (m s-1). The columns of data can be in any order.
If maximum and minimum temperatures are not available, the daily mean temperature
can be substituted for both variables (i.e. two identical columns of temperature data
must be input).

b.) A file containing pre-calculated potential evapotranspiration and maximum and
minimum temperatures. Again, the columns of data can be in any order. If maximum
and minimum temperatures are not available, the daily mean temperature can, as before,
be used twice.

See section 7.1.3 for information on how to convert daily rainfall data to hourly rainfall
data.

1.1.2 Measured data

MACRO 5.2 allows statistical comparisons of model simulations and measured data,
and also includes an inbuilt parameter estimation methodology (‘inverse modelling’)
based on quantitative estimates of model goodness-of-fit to data. The file containing the
measured data should be created as a .txt file formatted in the same way as the weather
data files. Missing data should be denoted with an unusual integer number such as —999.



2 Creating a project

You can create a new project in MACRO 5.2 by clicking on “File->New”.

= MACRD 5.2
File | = Execute Tools  Help
| Mew,.. Crl+hl
| Qpen... Ctrl+o

Change database. ..

Delete, .. Chrl+D

Chrl4+Q

Exit

= New Project

Project name:
Test praoject |

Descrigption

This iz a test project

[ Cancel ][ oK ]

All inputs in MACRO 5.2 are then automatically given default values. You now define
your simulation by modifying these default inputs under ‘Edit’.



= Project: Test project Simulation: Default

File | Edit | Execute  Tools Help

| Opkions...

Simulation setup...

Soil properties. .. M AC Ro 5.2 ;

Parameters...

Cutputs, .,

ral

You specify the options, the simulation setup (driving data, start/stop times for the
simulation, output interval etc.), the soil properties, the parameter values and the output
variables, that together define a unique simulation under the ‘umbrella’ of the project
that is currently open.

3 Defining a simulation

The different components of a simulation can be defined in any order, but it usually
makes sense to follow the order of the menu items.

3.1 Options

Under “Options”, you make basic choices that define the kind of simulation you want to
run. These options are classified under three headings: ‘Boundary/initial conditions’,
‘Site Management’ and ‘Solute’. The parameters needed to run the simulation and the
output variables that are available, depend on these choices.



= Options

Boundaryinitial conditions | Site management || Sulutel

Lowver boundary condition

(%) Constart heyedraulic gradient

{:} Wigter table in the sail profile

() Pressure potentisl Time-variakle

D Lys=imeter with free drainage

Initial condition

@ Drainage equiibrium with a water table at the base of the profie

() User-defined water contents

|:| Calculate initial tempersture from analytical solution

3.2 Simulation setup

In this screen, you define all the driving data files (e.g. weather data files) that are
needed for the currently defined simulation. Click on “Add file(s)”.

= Simulation set-up
Driving data files :

|Path and filename |Type of data | Petiod
C\Program Files'WACROS2rain | Daily rainfall 1987-01-01 12:00-1988-12-31 12:00

CProgram Files'WACROS2mett Meterological data 1987-01-01 12:00-1988-12-31 12:00

Output interval: Representstion of output: START DATE EMD DATE

Days  Minute () Average for period [1987:01:01 1200 v | [1987:01:31 1200 v

EI ) Currert value
Output files director
|:| user-specified dates in file: 2 Y
Be w | S

| (none) 23 Program Files

Output file name:
(3) MACRD +[ID]

Oomal |

Add file(=) ] [ oK




A Wizard will then guide you through the process of defining a driving data file.

Add .bin-file
What would you like to da?

Thiz wizatd will guide you through the process of adding & bin-file or text-file to your
simulation.

Wbt weould you like to da?

@ Add an existing bin-file to the simulation

{:) Convert a text-file to hin-farmat and add it to the

If you have already created the required *.bin file, click “Next”, and then define the kind
of driving data that the file contains.

Add .bin-file
Specify type of bin-file

A certain number of different bin-files can e used in & simulation. Indicate below
which type of kin-file you swould like to add to the simulation.

The file to add contains:
(%) daily rainfall data
O houtly rainfall data
O metearological data
(:) evapottanspiration and temperature

{:) pesticide metakholite

Cancel ] [ Previous " et




Then select the .bin file using the browse button, check that the data appears correct,
and click on “Finish” to add the file to the simulation.

Add .bin-file
Select hin-file

Select the bin-file to add to the simulation. Make sure that the file actually cortain the
data that was indicated in the previous step.

hin-file to #dd | C\Program FilesWMACROS RAINFALL BIN L]
Date Rainfall (daily)|

19570101 12, 25

1957010212, 0.1

19570103 12; 0.1

19570104 12, 15

19570105 12; 32

19670106 12, o

19570107 12; 0

19670108 12, o

1957010912, 0

1987011012, o -
AMSTOAA44 40 "

[ cancel H Brevious ][ Finiish ]

You will then return to the main menu under “Simulation set-up”. On this screen, you
also set the start and stop times for the simulation and define how you would like the
outputs to be calculated. You can choose between values calculated as averages for each
output interval or the actual values at the end of each output interval. Output intervals
can either be defined as a constant value (e.g. daily) or irregularly spaced times can be
read in from a *.bin file. An output directory path and file name can also be specified
here. The default name is MACROXXX.bin where XXX is a unique run ID number
given to the simulation.
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X

= Simulation set-up

Driving data files :

|Path and filename |Type of data |Period
CProgram FilesWACROST RAIMFALL Daily rainfal 1957-01-01 12:00- 19535-12-31 12:00

CProgram FilesWACROS2metfile hin | Meterological data 1957-01-01 12:00-1985-12-31 12:0C

Cutput intersval: Representation of output: START DATE END DATE
Days  Minute (3 Average for period [1987:01:01 1200 v | [1987:01:31 1200 v
EI ) Currert value
Output files director
|:| user-specified dates in file: 2 Y
X -
| |
Output file name: )
(3) MACRD + [ID]
O aperfiicic |

addfies) | [ o

3.3 Soil properties

Here, you can give a name to the soil profile that you are simulating. You also define
basic properties of each horizon in the soil profile. Each horizon is characterised by a
designation, a thickness, the texture (% sand, silt, clay), FAO soil structure, pH, organic
carbon content (%) and bulk density. These properties of the soil are not model
parameters as such, but can be used to estimate hydraulic parameters in the model
(hydraulic conductivity, water retention) using inbuilt pedotransfer functions (see
Appendix 1). The organic carbon content, clay content and bulk density are also used to
automatically estimate thermal properties of the soil (heat conductivity, thermal
capacity, see Larsbo and Jarvis, 2003). You should ensure that the horizon designation
for the topsoil includes the capital letter *‘A’. This is because different pedotransfer
functions for soil hydraulic properties are used for the topsoil and subsoil horizons, and
the program will only recognize a topsoil horizon by the designation ‘A’.

You should also specify the number of numerical layers in the profile. This may vary
between 60 and 200 depending on the depth of profile you are simulating. Internally,
the program then allocates these numerical layers to each specified horizon. Model
parameters are constant for all numerical layers in each horizon.

11



E3

&= Properties

Sail profile

Mumber of hatizans: |:| Addiremove hotizon before horizan number

Hotizon: |Clay % |Sin% |Sand% |pH |Elu|k denz. (Org. C% | Thickness |Tex‘ture |Structure |Strength |Shape
Ap 55 30 15 7 1.2 2 30 clay fine wesk Blocky
30 clay medium moclerate block\;
40 clay Coarse weak  iprismatic ]

Clay: =24 m Sitt 2-50 gm  Sand: 50-2000 g m

Profile name: Profile name

Mumber of numerical layers: [hetween 60 and 2000

Changing the number of numerical layers will affect the defined inttial conditions and the selected outputs.

3.4 Parameters

Once you have set all the options and provided basic soil properties, you should click on

“Parameters” to define all the parameter values required by the model for this
simulation.

These parameters are grouped under eight headings: ‘Crop’, ‘Initial/Boundary,

‘Irrigation’, ‘Physical, ‘Site’, ‘Solute’, ‘Tillage” and ‘Numerical Layers’. For a new
project, all parameters will have been given default values, and this is denoted by the

black colour.

=1 Parameters E]

CROP | INTALBOUNDARY | IRRIGATION | FEHVEIEET™  SITE | S0LUTE | TILLAGE | LAYERS |

Horizon [Upper [Lower [TPORY  [xMPOR [waLT [RESID [Gamma [cTEN [n [KsATMN

Ap 0| 3000 50.00 45.00 25.00 i 12 12.00 1100 300.00
B 30.00|_s0.00 5000 45.00 2500 i 14 12.00 1400 300.00
5 £0.00] 100.00 50,00 45.00 25,00 i 18] 12,00 1100 300.00

13

|RESID = Residual weater contert (35) - Intheory, the volumetric water content st which hydraulic conductivity may be Pedotransfer by
iconsidered negligible. In practice, used as & fiting parameter when modeling the water relesse charaotetistic.  can () MACRO 5.0/5.4
|alzo be =6t to zero (Campbell's model). (eq. 21 32 41)

) FOOTPRINT

Calculate

[ Apply ][ Cancel ][ oK ]

When you overwrite the default value, the font colour will change to green to denote a

user-defined parameter value. ‘“Tool-tip’ help text is available for all parameters,

together with cross-references to the relevant equations in the technical description

(Larsbo and Jarvis, 2003).

12



Soil physical properties can also be estimated from the basic soil properties you have
already defined by using the inbult pedotransfer functions. There are two sets of
pedotransfer functions: (i) pedotransfer functions from the MACRO 5.0/5.1 models, and
(ii) pedotransfer functions from the FOOTPRINT project. Select the appropriate set of
pedotransfer functions you wish to use and click on the “Calculate” button. For the
MACRO5.0/5.1 set of pedotransfer functions the following dialogue is then shown:

= Pedotransfer, g|
Harizan: Parameters to estimate:
Ap
FiiE Al PHA M, TRORY, XMPOR,
Flik= WILT, CTEM
HSh
[ wsaTmin
[] AscaLE
Calculations cannot be
undone. [ Cancel ] [ Ok ]

You then specify which parameters you would like to estimate, and for which horizons
in the soil profile. These pedotransfer functions are described in Appendix 1. The
calculations are made when you click on O.K., and the estimated parameter values are
then shown in red font.

If you select the FOOTPRINT pedotransfer functions, you will first get some general
but important information about the use of the pedotransfer functions.

FOOTPRINT pedotransfer input ﬁl

Introduction

The FOOTPRIMT pedatransfer functions require that the uzser define a complete soil profile extending from the zoil
zuface to the deepest honzon which limits the occurence of deep-burrowing earthworms. Such a limiting honzon
may for example be a horizon below drainage depth, or a rock harizon.

Ewetif you only want ko use the FOOTPRIMT pedotranzfer functions far a gsingle harizon, it iz gl necezsan to
define the properties of the whole soil profile. The unwanted horizons can be deleted after the FOOTPRINT
pedotransfer funchons have been applied.

I addition to textural data and basic zoil properties, the pedotransfer functions alzo require FAD horizon

designations az input. Therefore, it iz important bo make zure that conect horizon designations are uzed in order bo
avoid the rizk of incomect rezults from the pedotransfer funchions,

Cancel Hext

Following this step you need to supply information on the land use at the site. There are
four options available: (i) conventionally-tilled arable, (ii) reduced till arable, (iii) no-till

13



arable, and (iv) perennial. The effects of these options on the estimated parameter
values are described further in Appendix 1.

FOOTPRINT pedotransfer input El

Land uze

) Corventionally-tilled arable
) Reduced il arable

(&) Noill arable

) Perennial

[ Cancel H Previous H Hext ]

Finally you should supply some additional information related to the climate at the site
and whether manure additions take place. As above, the effects of these options on the
estimated parameter values are described further in Appendix 1.

FOOTPRINT pedotransfer input El

Additional input
Stone porogity;

[ Climate aridic ar torric?
[ Climate cryic or pergelic?
] Matwure additions?

Cancel H Previous H Finizh

3.5 Outputs

Here you can select output variables grouped under five headings: ‘Water balance’,
‘Solute balance’, ‘Miscellaneous (water)’, “‘Miscellaneous (other)’ and “Parameters”.

14



&= Outputs E|
Mizc. (water) | Water balance | Misc. (other) | | Solute balance Parameters

3 Qutputs: Selected — S:'SOUT
[ SoLMIC 1 A | For selection of muliple output layers, L
] 2 — | use Ctrland Shift keys according to
] SFLOWY 3 Windows conventions. 553 TSOLTMI
i SFLOWOUT 4 Haorizan  Upper  Lower el TADMI
] CEXCH ap ] 15 TPAM TADMA,
[] PaM § B 19 36 TCAM TDEG
[]cam c a7 &0 G TURT
[] aom RAINLE SAMS
[ Aoma CDEG
[ PamT ELOSE
[ CamT
[]Pcas
] sams Selected depths for SOLMIC:
ES 5.00-13.40cm, 15.50-25.20cm

[ seectan |

ShACIH = Solute infiltration (mass m-2)

’ cancel H oK ]

For array output variables, you can select single or multiple numerical layers in the
profile, using the Ctrl and Shift keys according to Windows conventions.

4 Saving a simulation

A MACRO simulation under the umbrella of the currently defined project can be
defined at any time by clicking on “File->Save As”.

15



Save as

x)

Project name:
Test project

Project description:
Thiz is a test project

Simulation narne:
Mame of test zimulation

Simulation description:

This iz a test simulation

[ Cancel ][ Save ]

Give an appropriate name and description for the simulation and click on ‘Save’. All
current settings will be saved to the database under this name. You can save any further
changes that you may make to the definition of the simulation by clicking on “File-
>Save” at any time.

4.1 Save to parameter file

By clicking on “File->Save to parameter file” it is possible to save the current MACRO
simulation to a so called parameter file. The parameter file is a text file that completely
defines the MACRO simulation and is meant to be used together with a specific tool to
run simulations from parameter files outside the MACRO GUI. This tool is described in
a separate document.

5 Opening an existing project and simulation
You can open an existing project and previously defined simulation by clicking on

“File->0pen”. You will find descriptions of each project and simulation, information
on when each simulation was last modified and its unique Run ID.

16



= Open [E]
Select a project and & simulation to open. Project description
Test project Test project
Simulation description
Default
Last \2010-03-02 |
Run IO [5 |
Cancel ] [ Qpen
6 Executing simulations

The currently defined simulation can be executed at any time by clicking on “Execute-
>Current”. You will then get some information on the simulation name, project name, a
Run ID for the simulation, and the output filenames. You can also save the current
definition of the simulation to the database prior to running it.

MACRO 5.2 - Execute

o This will execute the simulation: Test simulation
L with id-number; 5
in project: Tesk project

The Fallawing files will be generated during the simulation:
MACRIOS, bin
MACROS, sum

If these files already exist, the existing files will be renamed tao:
backups.bin
backupS.sum

The simulation that will be executed is the one stored in the database.
Your simulation will not include any changes since you last saved.
Would you like to save before executing the simulation?

[ Ja |[ e ][ fvbiryt ]

When the simulation starts, you will see the following screen.

17



= Execution |:“:|[z|

Simulating...

Simulstion: [ Test simulation

Batch mode
Remaining simulations:

On completion, you are provided with some information on how long the simulation
took to run, and the mass balance errors for both water and solute.

6.1 Batch mode

Batch mode can be used to run a series of simulations. Each simulation must first be
defined and saved to the database. You create the batch run under “Tools->Setup batch
file”. Add a simulation to the batch file by checking the simulation in the list of
available simulations. Click O.K. to finish.

Setup batch file f'5_<|

Simulstions (check to add to batch):

Test simulation (5]
[] Test simulation 2 (&)
Test simulation 3 (7)

The batch file is run under “Execute->Batch file”.

18



7 Tools

7.1 Converting files
7.11 File conversion from binary format to ASCII format

You can convert the *.bin file to a text file using the file conversion wizard included in
MACRO 5.2. Click on “Tools->Convert files-> .bin to ASCII” (see figure below). You
can then import the data into any graphics program you like (e.g. Excel). Note that the
text file created by the wizard is ‘Tab delimited’.

7.1.2 File conversion from ASCII to binary format

Text files can be converted into the .bin format required by MACRO using the file
conversion wizard that you will find under “Tools->Convert files->ASCI|I to .bin”.

=1 MACRO 5.2
Fle Execute | Tools | Help.
| Convert files [ | l bin to ASCILL..
| ASCIIto bin,.. s
Daily ko hourly rainfall, .
Rt i = y- -..y:
Setup batch file. .. _-‘-_"-'.‘L-"?f “ -o:
Monte-Carla, . v e 2 = =
i e - - p -
Compute goal Function [
P Y

First, you specify the type of data in the file. If the file contains measured data, you
should click on “Other’ and then fill in the correct number of variables (the date/time is
not counted as a variable).

19



= Convert ASCIl-file to . bin-format
Specify type of bin-file

A certain number of different bin-files can ke used in & simulation. Indicate below
wehich type of hin-file you swould like to creste.

The text-file to convert contains:

(%) daily rainfall data

O hourly rainfall data

O metearological data

(:) evapotranspiration and temperature

{:) pesticide metakbolite

) ather, variables

Click on “Next’, select the text file using the browse button, fill in appropriate column
headings for each variable, and finally click on “‘Finish’.

= Convert ASCIl-file to . bin-format
Select text-file

Text-files can be converted to & certain number of typical hin-fies.

Select a text-file and select the correct varishle heading inthe table belowy. The different possible
variables depend on the type of bin-file as specified in the previous step.

The zelected text-file will be converted when clicking the 'Finish'-button. The name of the
crested bin-file will be the same as for the text file, but with the extension kin.

Text-file:  |CiProgram FilesWACROS! vaintall2 txt L]

Dite v |Ranfal ] |
198701011200] 2 5000DE+00
198701021200]  1.00000E-01
198701031200)  1.0000DE-01

AFETAd A A e A EEEAEE Ao

Cancel ][ Previous ][ Finizh

20



7.1.3 Daily to hourly rainfall

Hourly rainfall data files can be generated from daily rainfall data using an inbuilt
stochastic disaggregation ‘cascade’ model, based on the temporal scale-invariance of
rainfall patterns (Olsson, 1998). You will find this tool under “Tools-> Convert files ->
Daily to hourly rainfall”.

=1 MACRO 5.2
File: ! Execute _EW‘ Help
| Convert files » | | binto ASCIL..
| ASCII to L bin..
I -
L, Daily ko hourly
Setup batch file. ..
Monte-Carla, .

As model input, the disaggregation tool requires the user to input a series of
probabilities that define the temporal distribution of rainfall as the time resolution
changes from daily to hourly.

Use the browse button to select the .bin formatted file containing daily rainfall data.
Define a name for the output file that will contain the hourly data. When you click on
“Disaggregate”, the tool will make a stochastic conversion from daily to hourly rainfall
data based on the probabilities given in the table on the left.

The model disaggregates rainfall data by doubling the time resolution for each
disaggregation level. In MACRO 5.2, the daily rainfall series is first disaggregated to a
series with a 45-minutes resolution. Each 45-minute interval is then further divided into
three 15-minute intervals. The 15-minute intervals are added together four and four to
create a series with an hourly time resolution. Rainfall ‘boxes’ are defined, classified
into four different types depending on their position within a continuous rainfall period:
‘start’, ‘end’, ‘enclosed’ and ‘isolated’. These classes are further subdivided into ‘boxes’
that have higher or lower rainfall amounts than the observed mean (indicated with an ‘a’
for above and a ‘b’ for below in the tool). Each of these classes is associated with three
probability parameters (wet/dry, dry/wet, wet/wet). Three default parameterisations are
available in MACRO 5.2, based on analyses of rainfall patterns in southern Sweden,
England, and Brazil (Olsson, 1998; Glntner et al., 2001).

21



7.2 Change parameters

It is possible to change model parameter during a simulation by using the tool “Change
parameters”.

&= Project: Test project \ Simulation: Test simulation

File  Edit Execute | Tools | Help

Convert files 3

Change parameters... |

SUFL..

Setup batch file. ..

Monte-Carla, ..

Compute goal function

By clicking “Tools->Change parameters” you are able to specify which model
parameters you wish to change and at what time during the simulation. You can choose
to change a parameter at only a specific date and time, or read a time series from a
separate file with the dates at which a change should occur and the new parameter
value. By clicking “Add” the single parameter is added to the table or you are prompted
to browse for the file with the time series from which the dates and parameter values are
read and added to the table.

22



E8 Change parameters

Parameter: Harizon:
|K5r-.-1 v| |:| Lze &l horizons
(*) Single date

Change at: ey walue:

[1ge7.01161200 ¥ |

D Read time-zeries fram file (tab separated file with dates in the first column, and
parameter walues inthe second column. Date format: ™™™ MDD bk mim)

Changing parameters:

Parameter Date | e
KSM_1 19870116 12:00 :

Clear all

Cancel

7.3

Parameter estimation with SUFI

The SUFI parameter estimation methodology (Abbaspour et al., 1997) has been
incorporated into MACRO 5.2. You will find SUFI by clicking on “Tools->SUFI”.

23




= Project: Test project \ Simulation: Test simulation

File  Edit  Execute | Tools | Help

Convert files 3

Change parameters, ..
| SUFIL.. | CRO 5-2 Jiaeh

Setup batch file. ..

Monte-Carlo... v |

Compute goal function

The work with SUFI is organised into projects and iterations. Each project is
characterised by a name, a base simulation and a number of specified parameters that
you would like to estimate.

Since the number of simulations to be run in any given calibration problem can be very
large, you have the possibility with MACRO 5.2 to partition the simulations between
any number of participating computers. One database, located on a server, then controls
the execution of the project, with respect to identifying values of the parameters to be
calibrated and partitioning of the simulations between computers. This database is
specified at the base of the main SUFI screen (see below). The simulations are run on
each individual computer, where a local database, defined under the main menu of
MACRO 5.2, controls all other aspects of the simulation (e.g. driving data files, fixed
parameter values).

7.3.1 Creating a new project

Click on “File->New Project” in order to create a new SUFI project.
Give the project a name and add a descriptive comment. Click “Open” to select the base

simulation. This is a previously defined MACRO 5.2 simulation that defines all the
parameters that are given constant values during the iteration.
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=1 New SUFI project El

Project information Base simulation
Mame: | SUFtest project Project: | Test project |
Camment:

Simulation: | Test simulation |

Thiz is a test project

Qpen
Parameters
Selected parameters: Select;
[
KEh (all) Solute/site: v |[ e ]
ASCALE (all
(= Pesticideicrop: | j Auclcd
Phiys Hyd. | ASCALE Ra
Iriit Apoundary: | j Add

) = '
Horizom: 1 % | [¥] Use all hotizons

Cavariation must be redefined if a
parameter is remaoved.

ASCALE = Effective diffusion pathlength (mm) - This controls the exchange of baoth water and
solute between the twa flowe domains. A “rectangular-slak’ geometry is assumed. (eq. 39 63)

After selecting the base simulation, add the parameters that you want to include in the
calibration. MACRO parameters describing solute, pesticide and physical- hydraulic
properties can be selected in the three drop-down boxes. For parameters that vary with
depth in the profile, you should specify the relevant horizon or choose to vary the
parameter for all horizons. If you want a parameter to vary in the same way for two or
more horizons, click “Covariation” to bring up the dialogue box shown below. By
clicking on the table, you can toggle the text “Covary” on and off. In this example,
ASCALE and KSM will always take the same values in horizons one and two, while the
values in horizons 3 and 4 will be unaffected.
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= Define SUFI covariation

Horizon: DY [KSM (all) | ASCALE (all)

i covary covary

Click in the tahle to indicate that parameter values covary
hetween horizons.

[ Cancel ][ oK ]

7.3.2 Creating a new iteration

On returning to the main SUFI menu, you will find that all previously defined SUFI
projects are shown in a list. Click on the project you want to work with in the list and
then click on “Iteration->New...” to bring up the dialogue shown below.

= New SUFI iteration

fteration number in project SUFItest project
Simulstions Parameters
Vi) mulntetEy @ S Mame: hin & Strata:

DY 2 4
(3) Exhaustive samaling KSh (all)

() Random sampling: l:l% ASCALE (2l

Cutput file location:
(= vl [E3cn
a Prowgram Files

The selected parameters are shown in the table to the right. Enter the minimum and
maximum value and the number of strata for each parameter. The parameter range (i.e.
maximum minus minimum) is divided into the specified number of (equal- sized) strata.
You can choose either exhaustive or random sampling. Exhaustive sampling means that
all combinations of parameter values are run, using the mid- point value of each strata
as the parameter estimate. Random sampling means that a specified subset of all the
strata combinations will be selected at random and propagated through the simulation
model. The program calculates the total number of simulations that will be run. For
exhaustive sampling, this is equal to the number of strata raised to the power of the
number of parameters (if the same number of strata is specified for each parameter).

An output directory is also specified for the iteration. The output files from the MACRO

simulation will be renamed and moved to this directory. The new file name will be
“iter_[iteration number]_[Run ID]_[simulation number].bin” (e.g. iter_1_5 22.bin). In
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order for the analysis tool to work, all output files should be located in the specified
output file directory and they must not be renamed. Note that it is possible to change the
output file directory after the iteration has been executed. This is useful if output files
are moved from one computer to another. Note that the selected output times in the base
simulation must correspond to the dates and times for the measured data in order to
make the computation of the goal function possible. You create the iteration by clicking
on “O.K.” You then return to the main SUFI menu, where the information that you just
entered is displayed in the lower part of the screen. You can also change the output path
at this point.

=2 SUFI X

File  Iteration

Avyailable SUF projects: Project information:
SUFl test project Base simulation:
Project: [Test praject |

Simulation  [Test simulation |

Commert:
Thiz is a test project

Parameters:

D
| KSM (il
IASCALE (all)
Current teration
Output path:
teration number:
out simulations completed.
Marme: i | e Strata

DY 2 Fl
KSM (all) 2 5
ASCALE (all)

SUF| database: [C:Program FilesWMACROS2PROJECT _MACRO_S mdb (]

Even if you intend to execute the iteration simultaneously on several computers, the
complete iteration must be defined on each computer, in exactly the same way. In
practice this may be done by copying a “master” database to each individual computer.

7.3.3 Executing an iteration

It is recommended that before executing a SUFI iteration, you first check that the
selected base simulation runs properly in “manual” mode, making sure that the correct
output variables have been selected.

After clicking “Iteration->Execute current” the program will execute all the simulations
in the iteration. For parallel execution, you should give this command on each
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computer. The simulations will then be automatically divided up between the
participating computers. It is possible to abort the execution and resume it later. You
will receive a message when the iteration has been completed.

7.34 Analysing an iteration

The analysis is performed in a step-wise manner with the help of an “analysis wizard'.
After clicking on “Iteration->Analyse”, you first select the project and iteration that you
wish to analyse.

= Analyse SUF| iteration

Select project and teration

This wizard will guide you through the different steps to
analyse a SUF teration.

At the end of this wizard you will be able to view and save the

Start with selecting a project and iteration that vou wish to analyse.
Project: teration numkber:

F

SUFI test project 1 &

Aggregate output

Click belowy to go ta the tool to aggregate the outputs for the above zelected iteration.
Adgregate

Measured data (e.g. for water contents or solute concentrations) often represents a value
averaged over some depth interval in the soil, while the simulation output variable will
usually be given for a larger number of smaller depth intervals corresponding to
numerical layers in the model. By clicking on “Aggregate”, it is possible to calculate a
weighted average representing the same depth interval as the measured data for the
output variables in question (see below). It should be noted that the original .bin file is
overwritten by this operation, so it is recommended to make a backup copy of the
original file prior to aggregating outputs.
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= Agoregate outputs D__q

SUFl project: [ SUFItest project |
i | Upcate

fteration 4

Available outputs for selected Currently defined groups: Settings for selected group:

1 THETT ey 123 o

2THETT : 2 peeete [ ]

4 THETT 4- B ]

3 THETT

6 THETT g-10 o0s 9

7 THETT 10-12 o0s 11

8 THETT 12-13 oos 13

9 THETT 13-15 0os 14

10 THETT 15-17 oos 16

11 THETT 17-19 oos 16

12 THETT 19- 20 oos 19

13 THETT 20- 22 05 21 %
e

Select the variables in the left-hand list for which a weighted average will be calculated,
and then click “Group”. Do this for each group that you wish to include. Note that all
the variables used in the subsequent calibration must be selected and grouped, even
variables that you do not want to modify in the weighting procedure. Click on each of
the defined groups and provide the information in the textboxes to the right. To set the
weights, click “Set weights”. Weights can be supplied either manually or calculated
based on the thickness of the numerical layers.

Set weights E]

Yariakle name; Wieight:
4 THETT 4- B oos 5
3 THETT G- & oos ¥ 333
6 THETT

My wveicht: ICI taor varizkle S

Either enter the layer numbers inthe text boxes below and press "Set' to define weights
according to layver thickneszes or et weights individually in the text boxes above.

U=e laver thickness to
compLite weeidht, from

tolayer 3 [ Cancel ] [ Ok ]

The goal function can then be defined by returning to the first screen of the wizard and
clicking on “Next”. First, the file with the measured values is located and the
conditioning variables (the measured values used for the calibration) are selected. The
integer number representing missing data is also specified here.
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= Analyse SUF| iteration

hin-file with measured walues:

Define goal function | conditioning vatiables

Select * hin-file with conditioning variahles

Measured values should be in bin-file formsat. Select & bin-file belowy containing your
measured values and indicate which of them you wish to uze inthe goal function.

CProgram Files'WACROS2neasured BIN

|

Yariables in zelected bin-file:

IMFILMAI
IMFILRAL,
SSEEP
SRUMOFF
AN
PRECIRR
TEMP 0- 0
TEMP

£

Mizzing data is represented by:

_‘_;\-l

[<-

U=e these in the goal

FEX

555
TSRUM
TERMP

103

103
103

| cancel || previous |

Mesd ]

Secondly, either the root mean square error (RMSE) or the model efficiency (EF) is
selected as the goal function. One value of the goal function is calculated for each
‘group’, representing different types of measured data. For the RMSE, the overall value
of the goal function is obtained by either adding or multiplying the values for the
different groups (select this under “Settings” as shown below). For EF, the average
value is calculated.
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= Analyse SUF| iteration
Define goal function Il

EEX

Ditferent forms can be used to compute the goal function. Select below which one
you wish to use.

Select type
@ roat mean square error (RMSE)

{:} average model efficiency

[ Iog values  Off-zet: I:I

Settings
(*) multiplicative
() additive

[ Cancel ][ Previous ][ et

Next, the conditioning (i.e. measured) variables are matched to the appropriate
simulated variables (see dialogue below). This is done by clicking on the measured
variable in the left-hand list and then on the corresponding simulated variable in the
right-hand list.

= Analyse SUF| iteration
Define goal function [l

EEX

Each measured variable should be matched with 5 wariable in the file with simulated
values. Select the measured variable by clicking inthe left-hand list and then select the
corresponding simulated variable by clicking in the right-hand list. Clicking an already
matched variable in the left-hand list will showy the matched simulated variable.

Match meazured and simulated variables

easured variable:

Simulated variable:

Shi1 0-6 - Groupd -
Shi2 615 - Group2 -
TEMP 0- o 103 | TUPT - Groupd -
= Groupd
T=S - Groups -
Cancel ] [ Previous ][ et
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Next, you indicate how the measured variables should be grouped or aggregated. A
detection limit for each group can be set. Each group can also be given a weight.

=4 Analyse SUF| iteration [ZHE@

Define goal function %

Aggregate data into groups with data of the =ame kind. Thiz iz done by selecting
variahbles belonging to the same group in the list of measured variables, followed by
clicking the aggregste button. The resulting groups will ke showen inthe right listhox.

Each group can be diven a detection limit. Simulated values belovy this limit will be set to
zero when computing the goal function. Detection limits can only be et for defined

Measured varisbles: Groups (variable numbers)
2 TSRUN 103
3 TEMP 0- 0 103 0

F— ] [ Reset Detection Iim'rt:EI
Group

=
]
H

Cancel ][ Previous ][

The number of tolerance levels is defined in the final step.

= Analyse SUFI iteration E“E”z|

Set tolerances

The first tolerance level is alvways the best value of the goal function (i.e. one hit for the
stratas giving the best goal function).

The other tolerance levels are determined by the choice made belowe . Selecting 'absolute’ will
add the specified value to the present tolerance level to obtain the next level.

Selecting 'relative' means that the second tolerance level iz obtained by muttiplying the
minimum goal function value with the specified factar.

Selecting 'percentile’ means that the zecond tolerance level will be set at the specified

Mumber of tolerances: (5

Toletance interval:
'D abzolute

{:} relative

NN

'@' percerntile

Cancel ][ Previous ][ et
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The first tolerance level is automatically set at the best value of the goal function, while
subsequent levels are determined by either adding (“absolute’) or multiplying
(‘relative’) by a specified value. If the option “percentile” is selected, the second
tolerance level will be set at the goal function value that is better than the selected
percentile. Values that have matching dates in the measured data file and in the
simulated output file are included in the goal function. This means that if a measured
data point is not missing but has no corresponding date in the simulated file, it will not
be included in the goal function. It is therefore necessary to make sure that the output
dates are in agreement with the measured dates. The results are saved in a number of
text files (Table 1).

Table 1. Output files from the analysis of a SUFI iteration.
StrataScores.txt The strata score for each parameter as a function of
tolerance level

Stratalnformation.txt | Information for each parameter about the value for
each strata

Sensitivity.txt The average value of the goal function as a function of
strata number for each parameter
Goalfunction.txt Values of the goal function for all strata combinations

(simulations)

IterationSummary.txt | Summary information about the iteration

These files are located in the iteration files output directory and can be viewed from
within the wizard (see below) or opened in another program (e.g. Wordpad).

= Analyse SUFI iteration E]|E| g|

Resuts
@' teration summary C:} strata information
() strata score () =ensiivity () goal function values

Project: SUFltest project

fteration: 1

Qutput directory: CHOProgram Files\WACROS2
Murmber of simulations: 25

Cancel ][ Previous ][ Exit




Under “Strata information’, you can find the actual parameter values used in the
iteration (Table 1). Under *Goal function values’, you will find the individually
calculated values of the goal function for each simulation (Table 1). ‘Strata score’
shows you the number of *hits’ for the defined tolerances for each parameter value. The
information in these files forms the basis for the definition of the next iteration.

You should now decide on how to reduce the prior uncertainty domains for each
parameter for the subsequent iteration, based on this information. Base your decision on
a tolerance level that gives a good contrast in the number of hits between strata (i.e. only
zeros and ones is not a good basis, and neither is the difference between 3 and 4 hits for
example). You should not be too greedy!

7.35 Measured data
During the analysis phase, the measured data should be available in one single file,

created from within the MACRO 5.2 shell. This file has the extension “.bin”. To
prepare this file, follow the instructions given in section 1.1.2.

7.4 Monte Carlo simulation

MACRO 5.2 is loose-linked to the software package UNCSAM for Monte Carlo
sensitivity and uncertainty analyses (Janssen et al., 1992). The UNCSAM programs for
both ‘latin hypercube’ sampling of model parameter distributions and regression-
correlation analysis of model outputs can be run from within the MACRO 5.2 GUI.
These tools are accessed by clicking “Tools->Monte Carlo”.

= Project: Test project \ Simulation: Test simulation

File  Edit Execute | Tools | Help

Convert files 3

Change parameters..,

SUFL..

Setup batch file. ..

g

cir ropor
Sample. ..

Execute variation file.. .

| Monte-Carla, .. 3 | |

Compute goal Function
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7.4.1 Sampling of parameter values

This is the first step in any Monte Carlo analysis. Click on “Sample”” under “Tools->
Monte Carlo”. First, some general information must be provided, including the number
of simulations to be run, and the ‘seed number’ for the random number generator. It is
thus possible to re-create sampled values by supplying the same seed number. All the
UNCSAM files will use the specified file prefix.

= Monte-Carlo |Z| |§| E|

Project Infarmation

Title: |Test aroject

Mumber of 150|
Random seed: | 5365 Randomize
File prefic {Wacro

In the next step, the parameters are selected and their distributions defined. You may
choose between uniform, normal and log-normal distributions. For parameters that vary
with depth, you can select which horizon to sample or specify that all horizons should
be varied in the same way.

= Monte-Carlo Z”§|E|
Add Parameter

Parameter name; |KSM ﬂ Harizon:

EPYR— |Nurmal v| [] Use all horizonz

Mean: Wariance:

s MinimL: A

Parameters added:

=i

KShi_2

Exit ] [ Previous l [ et
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Next, correlation coefficients among the parameters are specified (see below). Finally,
you create three UNCSAM formatted files (*.fam, *.sam and *.par) by clicking on
“Generate”.

= Monte-Carlo |Z||:|E|

Correlations

Carrelation between | S _1

and  [Wam_2 : I':'—I
(click intable to change parameters, going back one step will eraze the
correlations)

Click "Generate" to create the * par file, the * fam file and the *.sam file.

’ Exit H Previous H Generste ]

The *.fam file can be used to run all the generated MACRO parameter combinations in
batch mode using the tool “Execute parameter variation file”.

7.4.2 Execution of parameter variation file

The next step is to run the Monte Carlo simulations. Click on “Tools-> Monte Carlo->
Execute variation file”. Using this wizard, you can execute a large number of parameter
combinations in batch mode. Two file formats are supported:

1.) UNCSAM *.fam file (Janssen et al., 1992) created with the in-built sampling tool
(see above).

2.) MACRO default. This is a text file (*.txt) where the first line contains a tab-
separated list of the names of the parameters to vary, and the subsequent lines contain
tab-separated parameter values. This file can either be created manually, or by an
external program created by the user.

The parameter variation file defines a number of simulations (one for each row in the
file) for which selected parameter values are varied. In addition to executing the defined
simulations, the tool also creates a file that can be used for analysis of the outputs in
UNCSAM (*.sgn file).

Step |

First, a base-simulation must be selected that defines the values of those parameters that
are kept constant.
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= Execute parameter variation file

Base simulation
Select the baze simulation to uze. it iz the
Froject: |Test project |
Simulation: |Test sitnulation |
Qpen
‘ Cancel ‘ ‘ Previous H Mext ‘
Step 11

The parameter variation file defining the simulations is then selected.

=4 Execute parameter variation file

Parameter waristion file

Select the file to be used as parameter variation file and
indicate in which format the file is.

The UMCEAM-format iz standard *.fam file. The MACRO-default format is a
tab-separated file where the first row contains the parameter names, and the

Parameter wariation file: | CProgram FilesWACROS2MWACRC FAK D

File farmat
() MACRO default

(%) UNCSAM formst

‘ Cancel ‘ ‘ Previous H Mext ‘

In order for the program to identify the correct parameter, the specified parameter
names must have the following format: <MACRO parameter name>[ _<horizon
number>]. If <horizon number> is specified as ‘all’, the parameter will be varied for all
horizons (if this is possible). This applies to both file formats.

Step I

The following output settings must be specified:

1.) the directory where the output files (*.bin, *.sum and *.sgn) are stored.
2.) the output filename prefix.
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The output files will be moved to the specified directory and renamed according to
“<filename prefix>_<simulation number>". The generated UNCSAM *.sgn file will be
named “<filename prefix>.sgn”.

= Execute parameter, variation file
Output settings

Output file location:
= v File prefic (hacRo

a i . The generated output files will be moved to
a Program Files

the selected directory and named
according to =file prefix=_=simulation
number=.

‘ Cancel ‘ ‘ Previous H et ‘

Step IV

Step IV involves settings that define the UNCSAM input file, with extension *.sgn. The
output variables that you want to include in the sensitivity analysis are selected in the
listbox. For each of the selected outputs, the parameter name that will be written to the
*.sgn file must also be specified. The result will be a space-separated list, with the same
number of entries as the number of selected outputs.

The selected output variables are read from the MACRO output file after the
termination of each simulation, and an entry is written to the UNCSAM *.sgn file. If the
selected output is not an accumulated variable, the value of the variable for the last
time-step of the simulation will be used. Note that this step must be carried out even if
you do not intend to use UNCSAM for further analysis.
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= Execute parameter variation file g|

Creating output files in UMCSARM format
Select a bin file containing results of a standard simulation (e.g. mean properties).
Indicate which output vatiables will be used. This kin file should contain the same output
vatiables as the base simulation that will be used to execute the parameter variation file:
[iter_1_5_1 bin |
Check the output wariables you want to write to UMCSAM's * sgn-file:

= Group]

[]smz2B15 - Group? -
[] TueT - Groupd
[s=s= - Groupd - W

Specify MACRD variable names (in a space separated list; these names are
weritten to the * zgn file and should correspond to the above selected

=

‘ Cancel ‘ ‘ Previous H Execite ‘

When you click on the button “Execute”, the simulations will be run in the order in
which they are defined in the parameter variation file. After each simulation, the output
files are moved to the specified directory and an entry is written to the *.sgn file. If an
error should occur during the simulation, so that no simulation results are available, an
entry will be written to the file “parvar.log’ (in the program directory) with the error
message, and the entry in the *.sgn file will be set to “-99” for each of the selected
variables, to indicate missing values. If an error should occur when trying to access the
simulation results in the *.bin file, an entry describing the error will be written to the
file “sgn.log’ (in the program directory).

7.4.3 Analysing the results of the Monte Carlo simulations

In order to access the analysis tool in UNCSAM, click on “Analyze” under “Tools->
Monte Carlo”. A file prefix needs to be specified. This is the same prefix specified
when sampling the parameter values, which should also be the prefix of the UNCSAM
*.sgn file. Make sure that the UNCSAM programs SIMGEN, UNCERT and TABREG
are in the MACRO 5.2 directory. These programs are normally placed in the program
directory during installation and are executed when you click on 'Analyze’. The *.sgn
(simulation results) and *.sam (sampled parameter values) files must also be present in
the program directory.
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= Monte-Carlo
Analyse

The file prefix iz the prefixz you specified when sampling the
File prefi: |pacro patameter values. This iz alzo the prefix of the UNCSAM

Pleaze make sure that all the necessary files to run the
— LMCSAM programs SIMGEN, UMCERT and TABREG are in the
MACRO 5.0 directary. These are executed when pressing
After execution of SIMGEN and UMCERT, the program
‘Wiew output in file: TABREG iz launched in which you will have to specify the

D analysis results you want to viewe, The rezults are stored in
a * reg file that can be specified to the left.

After execution of SIMGEN and UNCERT, the program TABREG is launched that
requires some input from the user in order to determine what results to display.

The results are stored in a *.reg file that can be viewed from within MACRO 5.22.
Note that the UNCSAM software package includes additional programs for

analysis and presentation of the results of a Monte Carlo analysis. These can be run
manually outside the MACRO shell.

7.5 Compute goal function

You can make a quick statistical comparison of the simulated results with measured
data by clicking on “Tools->Compute goal function”. By clicking “Compute goal
function”, you can calculate the goodness of fit of simulated variables with measured
data, using either the root mean square error (RMSE) or model efficiency (EF) criteria.
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Compare simulated values with measured values

Define goal function | conditioning vatiables
Measured values should be in bin-file formsat. Select & bin-file belowy containing your
measured values and indicate which of them you wish to uze inthe goal function.
Select * hin-file with conditioning variahles
hin-file with measured values:
C:\Program FilestaCcROS2mesasured BIN | |
Yariables in zelected bin-file: U=e these in the goal
IMFILRAI e SSEEP 103
IMFILRAL PRECIRR
SEEER
SRUMOFF
PRECIRE
TEWP 0- o
TEWP 0-1 il
Mizzing data is represented by:
7.6 The PG graphics program

The *.bin file can be read directly using the auxiliary program PG that is supplied with
MACRO 5.2. You first click twice on pg.exe to start the program, and then press the F2
key to list all the available *.bin files. Use the up and down arrow keys to move on top
of the file you wish to read in, and then press return twice. A list containing useful
commands in PG is given in Appendix 2 to this report. It should be noted that PG can
only handle a maximum of 400 output variables.
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Appendix 1: Pedotransfer functions

MACRO 5.0/ 5.1 pedotransfer functions

The saturated water content and the shape parameters (‘“ALPHA’ and “‘N”) of the van
Genuchten soil water retention curve are estimated using the pedotransfer functions
developed for European soils by Wosten et al. (1998, Table 11, page 73). The pressure
potential defining the boundary between micropores and macropores (‘CTEN?’) is fixed
at —10 cm. The water contents at pressure potentials of —10 cm (‘XMPOR’, saturated
micropore water content) and —15000 cm (‘WILT’, wilting point) are calculated using
the calculated values of the water retention parameters.

The effective diffusion pathlength (*ASCALE?’) is estimated from the FAO soil
structural description using the method described in Jarvis et al. (1997, Table 8).

The saturated micropore hydraulic conductivity (i.e. ‘KSM’, the conductivity at a
pressure potential of —10 cm) is calculated as a function of the geometric mean particle
size (Jarvis et al., 2002, equation 6 in Table 2).

The total saturated hydraulic conductivity (‘KSATMIN’ in mm/h) is calculated from the
texture, soil effective porosity and FAO structural development using a modified
version of the algorithm proposed by Hollis and Woods (1989). This algorithm is also
included in version 2 of MACRO_DB (Stenemo and Jarvis,

2002). The code for this algorithm, which in this modified form is completely untested,
is presented on the following page.

Algorithm used to calculate saturated hydraulic conductivity

ac = Saturated water content minus water content at a pressure head of -50 cm (%)
clay = clay content (%)

silt = silt content (%)

s1= strength of structural development (FAO)

If clay < 16 And silt + (clay * 2) <31 Then

If ac < 7.5 Then

ksatmin = (0.4535 * ac ” 1.03423) * (10 / 24#) Else
ksatmin = (8.03578 - (6.7707 * ac) + (0.833 * ac * 2)) * (10 / 24#) End If
Else

If s1 = "none" Then xfactor = 1

Elself s1 = "weak" Then

If ac > 10 Then xfactor =10~ 0.5

Else

xfactor =10~ (0.5 + (0.03 * (10 - ac))) End If
Elself s1 = "moderate” Then

If ac > 10 Then xfactor =10~ 0.7

Else

xfactor = 10 ~ (0.7 + (0.05 * (10 - ac))) End If
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Else
If ac > 10 Then xfactor = 10

Else

xfactor =10~ (1 + (0.1 * (10 - ac))) End If

End If

If ac < 4# Then

ksatmin = ((0.14143 * Exp(0.46944 * ac)) * (10 / 24#)) * xfactor
Else

ksatmin(i) = ((5.8521 - (5.4125 * ac) + (1.05138 * ac " 2)) * (10 / 24#)) * xfactor
End If

FOOTPRINT pedotransfer functions
MACRO parameters are given in capital letters.

The saturated water content and the shape parameters (‘“ALPHA’ and “‘N”) of the van
Genuchten soil water retention curve are estimated using the pedotransfer functions
developed for European soils by Wosten et al. (1998, Table 11, page 73). The pressure
potential defining the boundary between micropores and macropores (‘CTEN?) is fixed
at —10 cm. The water contents at pressure potentials of —10 cm (“XMPOR’, saturated
micropore water content) and —15000 cm (‘WILT’, wilting point) are calculated using
the calculated values of the water retention parameters.

The saturated hydraulic conductivity of the micropores, KSM (mm/h) is given by:
KM m ¢ x XMPOR s '

where ¢ = 0.186, | =10.73

The saturated hydraulic conductivity, KSATMIN (mm/h) is given by:
g

OO
KESATMIN m wﬁ where ¢ L7 the macroparasity

The macroporosity is determined using the following function:
Public Function macroporosity(ByRef seq As Short, ByRef text class As
String, ByRef desig As String, ByRef midpoint As Single, Byval frm As
FrmFOOTPRINTPedotransferinput) As Single
IT VB.Left(desig, 1) = "A" Then "topsoil
IT sw_landuse = Switch.PerennialLanduse Or
frm.chkZeroTillOrManure.Checked Or desig = "A"™ Then “perennial crops
Return 5 “undisturbed
Elself VB.Left(desig, 2) = "At" Then “intensly tilled
Return 5
Elself VB.Left(desig, 2) = "Ap"™ Then "Ap
IT text class = "fine" Then
Return 3
Elself text _class = "coarse'" Then
Return 5
Else
Return 4
End IT
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Elself VB.Left(desig, 1) = "A" Then
IT text class = "fine" Then
Return 2
Elself text_class = "coarse'" Then
Return 4
Else
Return 3
End If
Elself VB.Left(desig, 1) = "0" Or VB.Left(desig, 1) = "H" Then
Return 5
Else
Return 5
End If
"subsoil
Else
IT desig = "BC" Then
IT text class = "fine" Then
Return 0.2
Elself text class = "coarse'" Then
Return 4
Else
Return 0.4
End If
Elself (VB.Left(desig, 1) = "B" Or VB.Left(desig, 1)
And midpoint <= 50 Then
IT text_class = "fine" Then
Return 1.6
Elself text_class = "coarse"™ Then
Return 5
Else
Return 1.6
End If
Elself (VB.Left(desig, 1) = "B" Or VB.Left(desig, 1)
And midpoint > 50 Then
IT text_class = "fine" Then
Return 0.8
Elself text_class = "coarse" Then
Return 5
Else
Return 0.8
End If
Elself VB.Left(desig, 1) = "C" Then
IT text_class = "fine" Then
Return 0.2
Elself text_class = "coarse'" Then
Return 3
Else
Return 0.4
End If
Elself VB.Left(desig, 1) = "0" Or VB.Left(desig, 1) = "H" Then
Return 5
Elself desig = "Bpan'" Then
Return 0.1
End If
End If
Return O
End Function

“E™)

E™)

The total porosity, TPORV (-), is then given as XMPOR + macroporosity.
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The parameters ASCALE and ZN are determined by the following functions:
Public Function fp_ ASCALE(ByRef structclass As Short) As Single
If structclass = 1 Then
fp_ASCALE = 1
Elself structclass = 2 Then
fp_ASCALE = 15
ElselfT structclass = 3 Then
fp_ASCALE = 50
Elself structclass = 4 Then
fp_ASCALE = 150
End IT
End Function

Public Function fp_ZN(ByRef StructureClass As Short) As Single
IT StructureClass = 1 Then

fp_ZN = 6

ElselT StructureClass = 2 Then
fp_ZN = 4

Elself StructureClass = 3 Then
fp_ZN = 3

Elself StructureClass = 4 Then
fp_ ZN = 2

End IT

End Function

The parameter “structureclass” is determined by following the classification schemes
described by Jarvis et al (1999)."

! Jarvis et al (2009). A Conceptual Model of Soil Susceptibility to macropore flow. Vadoze Zone Journal
8:902-901, 2009.
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Appendix 2: Useful commands in PG
L (= List)

L1 List the variable descriptions (with max. and min.values) L3 List the variable
values for each output time step

P (=Plot)

P2 Time series
P5 Depth profile

C (= Create new files)

C1 Perform calculations and transformations

C6 Combine two files with different variables (i.e. simulation results and data) C7
Combine two files with the same variables but different periods

G (= General utilities)

G4 Read in new .BIN file
G7 General settings (i.e. define plotting period)

E ( = exit from program)

E2 log file deleted

a7



