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(1) Introduction

The EAMS (Erosion Assessment and Modelling System) software is designed for the rapid
assessment of erosion on disturbed sites. In particular it is designed predict erosion many years
in future after the landform has changed its shape in response to the erosion that has occurred on
it. It does by integrating a widely known landform evolution model, SIBERIA, with data input
and manipulation software, an erosion database, and data visualisation software with lite-GIS
capabilities.

The EAMS suite consists of two main packages. The first component is EAMS-
MOSCOW (simply referred to as Moscow below) which does the erosion modelling. Moscow
essentialy sets up al the commands that SIBERIA uses when it runs (thus its name). The
second component is EAMS-Viewer (simply referred to as Viewer below) which is used for
data visualisation and provides a simple GIS capability to assist in setting up files for the more
advanced capabilities of SIBERIA (e.g. spatial variation of erosion and runoff properties). In
both cases the software is capable of handling extremely large data sets (e.g. the software has
been run with datasets of more 500,000 data points).

Broadly Moscow does:

Data conversion of files containing irregular points of elevation in DXF (i.e. AutoCAD),
XYZ (i.e. triples of x,y,z, coordinates) and MINDRAFT (i.e. RAW) formats into the
internal format of EAMS.

Gridding of this data and automatic correction of artefacts that are generated in the gridding.
Selection and manipulation of erosion, runoff, geology and other parameters from a
database of parameters. Assess to the advanced capabilities of SIBERIA (e.g. spatial,
temporal and/or depth varying runoff and erosion properties) through the input of command
filesthat control these capabilities.

Running of SIBERIA with output of landform elevations, slopes, gully locations and other
indicators of erosion/deposition at various (user-controlled) times during the design lifetime
requested. Additionally, as an option, output of spatially distributed estimates of
instantaneous and cumulative erosion over the design lifetime, as well as indicators of gully
erosion can be output. For afull compendium of SIBERIA’ s capabilities the user should
refer to the SIBERIA manual provided with the EAMS software.

Broadly Viewer does:

Visualisation of SIBERIA output in 2D (i.e. plan view), 3D (i.e. alit surface) and draped
(i.e. output data projected onto the 3D landform) format.

A flexible and powerful means of selection of parts of the landform (called regions), and
saving those regions so that they may be able to be used in SIBERIA to control the spatial
variability capabilities of SIBERIA.

Virtual Earthworks. This provides tools for manipulation of the landform so that problems
arising from the design of the landform (e.g. poor erosion performance in parts of the
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landform) can be easily corrected. Output of this redesigned landform back to Moscow for
revised erosion assessment.

Hardware requirements

Minimal Requirements EAMS will run on Windows 95 or later with at least 128 megabytes of
memory with a Pentium 1/2/3/4/Pro or compatible Processor. The Monitor must be set to High
Colour (16 Bit) or better (in the Monitor Control Panel). Installation requires 50 Mbytes of free
disk space. A CD drive is required for instalation (for installation from physical media, not
needed for electronic download). With 128Mbytes you will not be able to open all software at
the same time, but need to close one component of the suite to use the next part.

Preferred requirements: For optimal performance Windows NT4/2000/XP and 256 Mbytes of
memory (512 Mbytes if large data sets, more than 100,000 data points, will be regularly used)
and 1 Gbyte free space on the System Disk (typically C: drive) are recommended. Performance
bottlenecks (and where they typically occur) that may limit the speed of the calculations are the
disk speed (data extraction from DXF and XYZ files, and their gridding), processor speed (the
SBERIA erosion simulations) and Microsoft OpenGL compatible 3D graphics board (data
visualisation). If these parts of the analysis become limiting then it is suggested that
consideration be given to upgrading these components.

In addition, a considerable amount of disk space can be consumed by the output files. For
instance, a 500 x 500 computational domain (the biggest currently supported by the PC
implementation of EAMS; at 10m spacing this would cover an area 5km by 5km) with
(optional) erosion output data will consume about 20 Mbyte for each time at which data output
is requested. Thus for a simulation over a 100 year design life time with data output every 10
years, the total disk space consumed by one simulation will be about 220 Mbyte (this includes
the time=0 data file with the initial landform). Disk space required is linear with the number of
nodes (i.e. a 250 x 250 simulation uses 25% the space of a 500 x 500 simulation). The monte-
carlo risk assessment capability (currently available only on the UNIX version of EAMS) can
easily consume several Gbytes of disk space in asingle simulation.
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2 EAMS Tutorial

2.1 Introduction

EAMS consists of two components.

The first part is MOSCOW, which calculates the erosion and hydrology properties. To start
MOSCOW you double click on the EAM S-Moscow icon in the PROGRAMS menu under
START.

The second part is VIEWER, which is used to view the results of the simulations. To start
VIEWER double click on the EAMS-Viewer icon icon in the PROGRAMS menu under
START.

The software has been written in openGL to alow portability across platforms.
EAMS currently runs on Wintel machines and Silicon Graphics Irix V6.0 or later. One of the
unfortunate quirks is that in dialogs you must have the mouse inside a text box when you are
typing at all times. It is not sufficient to click in the window and type away but the mouse must
be inside the window at all times.

Depending on how much memory and free disk space you have you may not be able
to have both applications open at the same time. Typically if the amount of memory in your
machines is less than 128 Mbytes you will only be able to open either Moscow or Viewer, but
not both.

2.2 Erosion Simulation using EAMS-Moscow

To start EAMS-Moscow double click on the EAMS-Moscow icon under the
Programs menu item on the Start menu bar.

On starting Moscow two windows will appear. The main window is a small blue
window appears with a menu bar across the top (with menu bar headings FILE, IMPORT,
SIBERIA, PARAMETER, HELP). The second background window is a larger black window
which will appear in the background. Many diagnostics will appear in this background window.
The menus in the main window are to perform the work and are selected using the left button on
the mouse. To quit MOSCOW pull down the FILE menu and select EXIT.

2.2.1 Importing Elevation Data

Data can be imported in a number of forms from a number of sources. The main
data source of interest here is AutoDesk’ s .dxf format which is used by a number of packages as
an interchange format (e. Vulcan, Datamine). We will demonstrate the importation of a.dxf file.

Two example .dxf file are included. They are test 1. dxf and test2.dxf. The
remainder of this section assumes that you wish to import filet est 2. dxf. To import thisfile

Select the menu item IMPORT DXF from the IMPORT menu.
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Filenameinput: You will be prompted for the file name of the data file to import. To select
this file name click with the left mouse button in the OK button. To tell the dialog to select
t est 2. dxf place the mouse to the right of the *, delete the star and type test2 so that the
dialog now saystest2.dxf. Click OK.
Region for gridding: You will be prompted for the domain to used for the simulation. This
dialog is asking for the east, west, north and south boundaries of the domain to be gridded.
Initially the dialog will have —1 in al four of the boxes. Thisindicates to the program that it
should grid al the data. If you wish to grid a subset of the data you should input here the
appropriate values. If any one of the four valuesis—1 then the program will grid all the data
(ie. To grid a subset of the data you must input valid values for all four coordinates). After
inputting these numbers you should click on the OK button.
Grid Spacing: You will be prompted for the grid spacing to used by thisanalysis. Thisgrid
spacing isin metres. Y ou should input an appropriate value and click OK. Typically agrid
spacing of about 20m is a good starting value. The value can then be refined in following
runs if necessary. Computation times and disk space limit how fine a resolution you should
adopt. A good rule of thumb is not to have more than 100-200 grid pointsin either direction
initially asit will take too long to do the calculations (i.e. a2 km by 4 km sguare domain
with 20m spacing will have 100 by 200 grid points in the appropriate directions). After
inputting a value press OK.
At this point there will be alarge amount of text printed out to the black background window
behind the main window. Most of this can be ignored. When the text message ‘ Finished
writing the raw file' appears the data importation and gridding of the datais complete. Y ou
have successfully created the digital terrain map to be used for the erosion calculation in the
next step. The name of the file in which the gridded digital terrain map is stored is called
‘test2.grid.raw’. There will also be another file called ‘test2.raw’. Thisis an intermediate file
that can be useful for more advanced applications. It can be ignored for the moment. These
file names are generated automatically and are based on the name of the input DXF file. For
instance if the input file was called * example.dxf’ then the output gridded digital terrain map
filewould be called ‘example.grid.raw’. Warning: If afile called ‘test2.grid.raw’ already
exists the gridding step will fail. The moral is always rename or delete the file before doing a
new run. Most of the codes in EAMSwill fail if the file already exists This is a safety measure
to ensure you don’t delete important preexisting files by accident.
It in conclusion at the end of this example there will be three files. The first is
‘test2.dxf’, the origind file; ‘test2.raw’ an intermediate file you don’'t need to worry about at
this stage; and ‘test2.grid.raw’ the final file that has the gridded elevation datain it.
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2.2.1 The Erosion Calculations

This is a simple three stage process. The first stage identifies the input digital terrain map data
to be used, what data needs to be output and the erosion database to use. The second stage sets
run characteristics. The third runs the erosion assessment

Stage 1: Selecting the Data and Erosion Parameters

Select the INPUT FROM RAW menu item from the SIBERIA menu

Input the grided digital terrain map data to be used for the smulation. In this case thefileis

‘test2.grid.raw’. Click OK to continue

The next dialog identifies the data to be output from the simulation.
The*Start Time' givesthe year at which the ssmulation should start. Simply input O here.
Thisisused by the erosion code to automatically generate file names for the output files.
See the next dot points for how thisis used.
For the * Output File Name' you input the file name to be used as the based for the output
file name. Y ou may ignore the selection of raw and r st2 output in the top left corner of
the dialog (it should always have rst2 selected). The default name will be based on the
input file name selected.
The *Number of Outputs' isthe number of times after the start of the simulation at which
output data are wanted. eg. if data were wanted for years 1,5,50 and 100 years into the
future you would input 4 here (because there are 4 times for output; the actual timed will
be input in a moment). See the next dot point for how thisis used.
The ‘Output File Name' and * Start Time', *Number of Outputs' are used for constructing
the output file names. The *Output File Name' isused as thefirst part of the file name and
the time at which an output has been requested is added to * Start Time' and thisis
appended to thisfile name. Thisway aunique file name is created that identifies what
time the file represents. This can be used in two ways; (1) say we are interested in years
after the construction of alandform (and the input landform isthisinitial landform) then if
we input ‘ Output File Name' =junk, * Start Time' =0 and we request an output at 50 years
then the file name of the results at 50 years will be *junk-0000050.rst2’. If we request it at
100 years then the corresponding file name will be *junk-0000100.rst2’; (2) On the other
hand say we are interested in the results at some year in the future and we know what the
year isthe simulation starts at then if we input * Output File Name =junk2, * Start
Time =1990 and we request outputs at 1,5, 50 and 100 years then the corresponding file
names will be ‘junk2-0001991.rst2’, ‘junk2-0001995.rst2’, ‘junk2-0002040.rst2' and
‘Junk2-0002090.rst2’ .
After inputting this data you should click on the OK button

The next dialog asks for the years at which datais to be output (these are the 1, 5, 50, 100

years previoudly referred to above). The number of years required hereis given by the
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‘Number of Outputs specified in the previous dialog. Since we input 4 to the previous dialog
there are 4 text fields. Y ou should input 1 in the first text box, 5 in the second, 50 in the third
and 100 in the fourth. This requests output to be generated at times 1, 5, 50 and 100 years
after the start of the run. Click OK when done.
The next dialog requests the name of the erosion parameter database to be used for this
simulation. With the examples provided with the code is a database called gca-v1.1.sdb.
Enter this name in the dialog and click OK. This selects a database developed for the Bowen
basin coal mines and shows arange of parameter sets for different types of materials. The
exact values are not important for this example, only that there are range of ready made
range of parameter setsfor usein the example.
Immediately after you press OK for selecting the database you are prompted to select a data
set out of the database so asto set default parameters for the run. Y ou can aways change this
choice later but you must make a choice at this stage. Y ou can scroll up and down the list by
clicking on the buttons with ‘<’ *>’ signs. Select the topmost data set by clicking on
‘OakyCreek_TopSoil _SandyLoam’ and click on the RETRIEVE button. Y ou have now
selected the default parameter values for the simulation.

You have now selected the input data file, the output required and the default

SIBERIA parameters to be output.

Stage 2: Setting the Run Parameters

This stage modifies the default parameters to determine the parameters used for the
simulation. You do this by modifying individual values in the default parameter set that were
input in the previous stage (i.e. Stage 1).

To select parameters for modification select the EDIT PARAMETERS option from the
PARAMETERS menu. This menu item has further submenus with the options RUN
PARAMETERS, EROSION PARAMETERS, HYDROLOGY PARAMETERS, DTM
PARAMETERS, CHANNEL PARAMETERS, TECTONIC PARAMETERS,
DEPENDENT MODEL PARAMETERS, ADVANCED PARAMETERS #1 and
ADVANCED PARAMETERS #2. These menu items group together all the parameters of
the model into functional groupings. For the moment we will ignore most of these and only
modify the ones that control the direction of the simulation. Accordingly select the RUN
PARAMETERS menu item from the sub menu.

The RUN PARAMETERS dialog appears with three text items. The topmost of these text
itemsisthe number of years that the simulation will be carried out for. Since we want to get
output for 1, 5, 50 and 100 years we must run the model for 100 years. Input 100 into this
text box. (Aside: If you input 50 here instead of 100 then the model would only run for 50
year and only output the 1,5, and 50 year files ... it never getsto 100 years to output the 100
year data). Click OK.
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You have now set al the run parameters that are necessary. You can change
hydrology and erosion parameters at this stage if it is desired. For instance, if a cover factor is
required (eg. vegetation) that can be modified in the EROSION PARAMETERS menu item.

Stage 3: The ssimulation

To perform the simulation select the menu item RUN SIBERIA from the SIBERIA
menu. This performs the calculations. A large amount of information will appear on the
background window behind the main MOSCOW window (this can be saved, see Section 3 for
details). When STOP appears on the screen the simulation is finished.

Y ou should EXIT (on the FILE menu) from MOSCOW.

When you look in the directory after this example you will find the following
additional files ‘test2-0000001.rst2’, ‘test2-0000005.rst2’, ‘test2-0000050.rst2” and ‘test2-
0000100.rst2'. Depending on the settings in the file ‘siberia.setup’ you may also find the
following files ‘test2-0000001.rsu’, ‘test2-0000005.rsu’, ‘test2-0000050.rsu’ and ‘test2-
0000100.rsu’.

2.3 Demonstration Simulations

A series of demonstration tutorials are provided in the demonstrations folder (see
under the START menu bar) together with results from the demonstrations. These are provided
as tutorials on how to use the EAMS software together with the answers against which the user
can check their answers to ensure they have the same answers. The general format is that the
required files for the simulation are provided in the ‘demonstration’ folder while the answers
are provided in an appropriately named folder within the demonstration folder.

Before doing any of the demos below you should ensure that SIBERIA will output
the data that you require. Select ‘siberia.setup’ from the START\EAMS menu and open the file
with ‘wordpad’ and uncomment (remove the # in the first column) the command lines that are

OUTPUT ZCHANGE
OUTPUT AVEZCHANGE

Then save the file with the save menu (not the save as' menu).

By uncommenting these lines this means that SIBERIA will output the elevation
change at every point (ZCHANGE) and average change of elevation for the catchment upstream
of that point (AVEZCHANGE).
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2.3.1 Demo 1

Demo 1 isasmall DXF input file example. The .dxf file itself is quite small and the
area covered by the domain is also quite small. This example consists of a flat-topped spoil
dump surrounded on all sides by steep batters.

Step 1: Start Moscow (from the START Bar).

Step 2: Since you are inputting a .dxf file select the ‘input DXF from the INPUT menuin
Moscow. Y ou will be prompted for the DXF file name. The demonstration folder may be a
bit difficult to find initially. The directory is on the disk that the SY STEM isinstalled on
(typically the C: drive) and the directory path is * C:\program files\landtech\EAM S\demos'.
If you have trouble finding open the ‘demos’ folder on the EAMS START menu item and
see where this directory is located. After finding the correct directory you will find afile
‘demol.dxf’, which you should select.

Step 3: After selecting the correct dxf file you will prompted in adialog for what portion of
the dxf file you wish to select. Initially it has—1 for all the coordinates for the bottom left
corner and top right hand corner, which indicates that all the data should be input. Click OK
to this dialog so that the program inputs all the data.

Step 4: After selecting the potion of the domain to be input you will be prompted for the
resolution that the domain will be gridded at (SIBERIA works on a grid). At this stage you
need to know something about the size of the domain being input. For the current limitation
of EAMS you should ensure that the dimensions of the grid are less than 500 x 500 grid
points (i.e. a10m grid would be able to cover 5km x 5km max, if you want to cover a
greater are you would need to select alower resolution). For this demonstration if you select
aresolution of 10m then thiswill give adomain about 150 x150 (as afirst step its always
worthwhile doing a coarse resolution run first because it will be fast, then worry about better
resolution if you need to later). Click OK after entering 10m for the resolution.

Step 5: At this stage EAMS will go off and extract the dxf file and grid the data onto the
domain requested. When the gridding is done there will be a message in the black DOS
window saying that the gridding is complete. At the end of this stage the ‘demos’ folder will
have two additional filesinit. Thefirst is‘demo2.raw’ which is the data extracted from the
dxf filein RAW format, and ‘ demo2.grid.raw’ which is the data gridded onto the grid
requested for the boundaries requested, in RAW format.

Step 6: At this stage you need to set up the data for the SIBERIA run. To do this you must
input the gridded RAW file, select runoff/erosion/run parameter for the SIBERIA run and
tell EAM S what data output is required — actually running SIBERIA is an additional step we
will do later. To do this you select the menu item ‘Input RAW’ under SIBERIA menu item.
Thefirst dialog you will request a generic name for the output files, the number of output
files (the time of output will requested in the next step ... we just need to know how many
output are required at this stage), and start date for the run. At thisdialog input (1) O for the
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Start Time, (2) 2 for the number of output files, and (3) leave the generic name asitisin the
diaog (i.e. C:\program files\landtech\EAM S\demos\demol).
Step 7: The next dialog asks for the times at which output is required. Since you input 2 at
the last dialog there are two values to be input. Input 10 in the first item and 100 in the 2™
item, then click OK.
Step 8: You are asked to input a SIBERIA database (i.e. a .sdb file). The location of
standard databases is at ‘ C:\program files\landtech\EAMS'. Input the file ‘siberia-
parameters.sdb’ and click OK.
Step 9: After opening the database EAM S asks you select a database. For this demo click on
the item described as ‘ OakyCreek Topsoil_SandyLoam’ (after clicking the name will
appear in the text entry part of the dialog at the bottom. Once this parameter set is elected
click on the RETRIEVE button at the bottom of the dialog.
Y ou have now successfully input the model parameters, and the data on what files to be output
by the model. The next step is to modify these parameters, and then run SIBERIA.
Step 10: To modify SIBERIA under DATABASE there are a series of submenus of
parameters. Under the RUN parameters menu item change the run time to 100 years (the
default valueis 1 year). Under the EROSION parameters can the fluvial erosion rate (the 3"
item down) to 0.3e-2 (for the OakyCreek data set the default value is 0.3e-3). Y ou have now
modified the parameters for this run so that the run will go for 100 years (instead of 1 year)
and you have increased the erosion rate by afactor of data over the default value in the
database.
Y ou have now modified the parameters and are ready to run SIBERIA.
Step 11: To run SIBERIA select the menu item for *Run SIBERIA’ under the * SIBERIA
menu’. A large amount of information will output to the black DOIS screen. When the run
iscomplete (afew 10’s of seconds on atypical PC) an appropriate message will output on
this screen.
You will now find 4 new filesin the demos folder. They are ‘demo1-000010.rst2’ and ‘ demol-
000010.rsu’” which are the output files for 10 years, and are ‘demo1-000100.rst2’ and ‘demol-
000100.rsu’” which are the output files for 100 years.

2.3.1 Demo 2

Demo 2 is a larger version of Demo 1. It is a near natural landform with a rolling
hill with a drainage line down the centre.

The main difference with demo 1 is that the .dxf file has a much greater number of
X,y,z data values, and it covers a much larger area. Because it covers a larger area you cannot
grid it a the same resolution at 10m.

If you run demo2 putting in all the same information as in demol EXCEPT that you
should use a grid resolution of 100m so that a grid of about 60 x 60 is generated. In addition you
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should run it with a resolution of 20m. One of the most useful ways to visualise the data form
this run is to use Viewer to DRAPE the elevation change over the landform. In this case
because the slopes are so low there is very little erosion apparent in the elevations, however, the
plot of Z_change shows the changes quite obvioudly. If you have trouble seeing the difference
adjust the range of the colour bar and turn the lighting model on. The difference between the
100m and 20m data sets clearly show the effect of increasing data resolution.

After each run you will now find 4 new files in the demos folder. They are ‘demo2-
000010.rst2” and ‘demo2-000010.rsu” which are the output files for 10 years, and are ‘demo2-
000100.rst2” and *demo2-000100.rsu’” which are the output files for 100 years.

2.3.1 Demo 3

Demo 3 shows how to use SIBERIA’s capability to have spatially variable erosion
rates, and how to input .rst2 files (instead of .raw files). The RST2 files are the native format of
SIBERIA so they can be input directly into EAMS.
Step 1: To input the file select then menu item * Input RST’ under the SIBERIA menu. You
will be prompted fro arst2 file input. Input the file *demo3.rst2’. Y ou will then prompted
for aboundary file and should input the file *demo3.bnd’. Y ou have now inputted the
gridded elevation data and the parameters fro the run (the parameters of the run are included
in the header of the RST2 file, so you do not need to input a SIBERIA parameter database.
Step 2: The next dialog you will request a generic name for the output files, the number of
output files (the time of output will requested in the next step ... we just need to know how
many output are required at this stage), and start date for the run. At this dialog input (1) O
for the Start Time, (2) 2 for the number of output files, and (3) leave the generic name as it
isinthedialog (i.e. C:\program files\landtech\EA M S\demos\demo3).
Step 3: The next dialog asks for the times at which output is required. Since you input 2 at
the last dialog there are two values to be input. Input 100 in the first item and 1000 in the 2™
item, then click OK.

Y ou have now successfully input the model parameters, and the data on what files to be output

by the model. The next step is to modify these parameters, and then run SIBERIA.
Step 4: To modify SIBERIA under DATABASE there are a series of submenus of
parameters. Under the RUN parameters menu item change the run time to 1000 years (the
default value is 1000 years. Note that even though you have changed the value for the length
of run you must at least open up this dialog, otherwise EAMS will not allow you to
continue.

Y ou have now modified the parameters and are ready to run SIBERIA.
Step 5: To run SIBERIA select the menu item for ‘Run SIBERIA’ under the ‘ SIBERIA
menu’. A large amount of information will output to the black DOIS screen. When the run
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iscomplete (afew 10’s of seconds on atypical PC) an appropriate message will output on
this screen.
You will now find 4 new filesin the demos folder. They are *demo3-000100.rst2’ and ‘ demo3-
000100.rsu’” which are the output files for 100 years, and are *demo3-001000.rst2’ and ‘ demo3-
001000.rsu” which are the output files for 1000 years. These four files are for the condition
where the material erodibility is the same over the whole domain.

Y ou should store these four files above in another directory because we are going to
rerun this run and include spatial variable erodibility and we will then compare the results with
Viewer.

Y ou should repeat the steps 1-5 just as above with one important difference. When
changing parameters you should open the EROSION parameters dialog. Y ou should change the
‘erosion model’ to 3 (the first item in the dialog, the default value is 0) and the erosion file (the
second item in the dialog) you should enter ‘demos/demo3.erode’ (the default value is blank).
This tells the model to input spatial variable erodibility (the value of 3) and the read this data
from ‘demos/demo3.erode’. Run SIBERIA after this.

If you input both the RST2 files from the with and without spatial variability in
Viewer you will see that the difference between the two files in the elevations is very small ...
in fact its very hard to see from the elevations alone. However, if you plot the ZCHANGE
instead of the elevations you will seein the spatial variability data set that there is alarge region
in the left hand of the data set that has near zero erosion. In demo3 this region has an erosion
rate set to a factor of 10 less than the other part of the domain. This region is defined in
‘demo3.rgn’ and if you look in the file demo3.erode (use wordpad) you will see acommand

EROSION RELATIVE 0.1 0.7 1.4 *demo\demo3.rgn’

This line specifies that the erosion rate in the area specified by demo3.rgn is 0.1 of
the value elsewhere.
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3  Technical Background.

3.1 EAMS

EAMS consists of two linked software packages. The first is EAMS-Moscow
(hereafter simply called Moscow) and the second is EAMS-Viewer (hereafter ssmply called
Viewer). Moscow basically controls the ssmulation of the erosion results. Viewer is used to
visualise and analyse the results and prepare data files for Moscow.

Moscow can be considered a menu driven shell that interfaces with a series of other
packages as shown in Figure 3.1. The purpose of the four componentsis:

MOSCOW
EXTRACT SIBERIA PARAMETER
DATABASE

v

GRID

Figure 3.1: Schematic of Moscow

EXTRACT: This package extracts x,y,z data from arange of different file formats and
converts them into a common file format for TIN data (triangulated irregularly spaced
nodes) called .raw format (used by the MinDraft mine management package). Current
supported file formats are (1) AutoCAD’s ASCII dxf format (commonly used by many mine
management packages as an exchange format) and (2) asimple text file format that consists
of x,y,z triples with each triple on each line (again this is a common data file exchange
format). If you are considering relying solely on the dxf file format please ensure that you
read the section below on the dxf file format extraction because not all dxf file formats
(there are many depending on the version of AutoCAD) are currently supported. We do our
best but we can’'t keep up with all the changes, documented and undocumented, in the dxf
file format.

GRID: This package takes the .raw file output from EXTRACT and gridsit onto agrid
using a Delaunay triangulation given the domain characteristics specified by the user. The
datais output into a gridded version of the raw format (called .grid.raw).



EAMS 2.00 User Manual 13

SIBERIA: Thisisthe long-term erosion model, or landform evolution model. It operates on

agridded set of elevations. See the next section, and the SIBERIA User Manual provided

with EAMS, for acompendium of its capabilities.

DATABASE: Thisisthe database of erosion and hydrology parameters. A variety of

parameters are provided by us as aresult of our experience. The user can also extend this

database to include their own parameters based on their own data.

Comprehensive details of how these components work and how to control are

provided in the sections below.

3.2 SIBERIA

What follows is a description of the philosophy and methodology used by SIBERIA. Gresater
detail can be found in Willgoose, et a. (1989, 1991a-d, 1994), Willgoose (1993, 1994a,b) and
Willgoose and Riley (1993, 1998ab). For full documentation of the capabilities the user is
referred to the SIBERIA User Manual.

The flood response of a catchment to rainfall is dependent on the geomorphic form
of the catchment. But the catchment runoff not only responds to catchment form, it also shapes
it through the erosion processes that act during runoff events. Over geologic time the catchment
form, shaped by the range of erosion events, reflects the runoff processes that occur within it.
The channel network form and extent reflect the characteristics of both the hillslope and
channel processes. Hydrologists have long parameterised the influence of the geomorphology
on flood response (e.g., Rodriguez-1turbe and Valdes, 1979). Geomorphologists have largely
fitted statistics to the landscape ignoring the historic processes that created the landscape
(Strahler, 1964; Shreve, 1966) though there have been some notable exceptions to this
generalisation (Gilbert, 1909; Horton, 1945). The difficulty of the problem is such that the
number of researchers that have attempted to unify the geomorphology and the hydrology is
small (Kirkby, 1971; Dunne, 1989; Huggett, 1988), even though the importance of both
specialisations has long been recognised by geomorphol ogists:

"to look upon the landscape ... without any recognition of the labor expended in

producing it, or of the extraordinary adjustments of streams to structures and of

waste to weather, is like visiting Rome in the ignorant belief that the Romans of
today have no ancestors." (page 268, Davis, 1954)

The main stumbling blocks to the fulfilment of the promise of this scientific
paradigm have been the range of temporal scales (geologic versus flood event timescales) and
spatial scales (catchment and channel length scales) that are important in the problem; the
heterogeneity in both space and time of the dominant processes, and the problem of the
unification and observation of the processes acting at these disparate scales. Physically based
computer models of catchment development (e.g., Ahnert, 1976; Kirkby, 1987) are important
tools in the understanding of the interactions between hydrologic process and response,
primarily because of their ability to explore the sensitivity of the system to changes in the
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physical conditions, without many of the difficulties of identification and generalisation
associated with the heterogeneity encountered in field studies.

The ultimate goal is to develop a quantitative understanding of how channel
networks and hillslopes evolve with time using a computer model of landscape evolution.
Catchment form and hydrologic response will then be seen in the context of the complete
history of erosion development of the catchment.

A large scale model of catchment evolution (SIBERIA) involving channel network
growth and elevation evolution is documented below. This model integrates a model of erosion
processes, theoretically and experimentally verified at small scales, with a physically based
conceptualisation of the channel growth process. Neither the properties of the channel network
nor the properties of the hillslopes can be viewed in isolation. They must be viewed as
components of a complicated large scale non linear system: the drainage basin. The basic tenet
of this work is that it is necessary to understand the physics of the catchment processes to be
able to fully understand the catchment form and that it is necessary to " ... identify linked
process equations and so define geomorphic systems in such a way that an analytical, predictive
approach can be used ..." (p. 48, Huggett, 1988). It is not claimed, nor is it intended, that the
model presented below account for all the processes occurring in the catchment. Rather a
general model framework is presented which is both physicaly redlistic and incorporates the
dominant physical processes and which provides a useful tool for the study of the important
interactions within the catchment. It is, however, believed to model the dominant processes
occurring in fluvial landforms.

A crucial component of this model is that it explicitly incorporates the interaction
between the hillslopes and the growing channel network based on physicaly observable
mechanisms. An important, and explicit, differentiation between the processes that act on the
hillslopes and in the channels is made. A point is defined to be a channel when selected flow
and transport processes exceed a threshold value. If a function (called the channel initiation
function) is greater than some predetermined threshold at a point, then the channel head
advances to that point. The channel initiation function is primarily dependent on the discharge
and the slope at that point, and the channel initiation threshold is dependent on the resistance of
the catchment to channelisation. Channel growth is thus governed by the hillslope form and
processes that occur upstream of the channel head. The channel initiation function is
independent of Smith and Bretherton’s (1972) definition of channels as points of instability in
the flow equations. Nevertheless, these concepts are not necessarily contradictory. This is
particularly true given the recent realisation that Smith and Bretherton’s analysis would lead to
a system of rills spaced at an “infinitessimal distance apart” unless a basic scale is built into the
equations (Loewenherz-Lawrence, 1990). Introducing this scale of separation is conceptually
consistent with the threshold analogy. The elevations on the hillslopes and the growing channels
interact through the different transport processes in each regime and the preferred drainage to
the channels that result. The interaction of these processes produces the long—term form of
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catchments. The preferential erosion in the channels results in the familiar pattern of hills and
valleys with hillslope flow being towards the channel network in the bottoms of the valleys.

The model below simulates the growth and evolution of the channel networks and
the contributing hillslopes. Two variables are solved for in the plane: the catchment elevation
and an indicator variable that identifies where channels exist in space. In the computer
implementation (computer code SIBERIA) a drainage direction is assigned to each node in the
discretized space on the basis of the direction of steepest slope from node to node. These
drainage directions are used to determine the area contributing to (i.e., flowing through) each
node. From these areas, and thus discharge, and the steepest slopes at the nodes, continuity
equations for flow and sediment transport are written. These areas and steepest slopes are also
used to evaluate the channel initiation function (which may be, for example, overland flow
velocity) which is then used in the channelisation function to determine regions of active
channel network extension.

The governing differential equations for elevation and channel indicator functions
are:

it p,ex o e e

- )
¥ _&, v, 22

it e a0 (32)

where in Equation (3.1) zis the elevation (positive upwards); x and y the horizontal directions; t
time; U the tectonic uplift per unit time; p, the bulk density of the soil (where the sediment flux

is in units of massitime); ds, and g, the sediment transport in x and y directions; and D is the
diffusivity. Equation (3.1) is simply a continuity equation for sediment transport. In Equation
(3.2) Y is the variable describing whether that point in the catchment is a channel (Y»1) or a
hillslope (Y»0), d; is the rate of channel growth at a point, and a and & are the channel initiation
function and its threshold respectively. Equation (3.2) describes the transition of a point in the
catchment from hillslope to channel on the basis of a threshold in the channel initiation function

a. The constitutive equations that are used for channel initiation function, a, and sediment
transport, qs, are those that apply in the region being modelled. Here we use (the details of these

equations may be dlightly different from the implementation depending on the input parameters
for the computer smulations, see later sections for these details)

a=pq"S" (3.3)
g, = Kq™S" (3.4)

K=Gxf(Y) (3.5)
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i B, Y =1(channel)

f(Y)=j

iB,Q Y =0 (hillsope) (3.6)

where q is the discharge per unit width, $, and B5 are rate constants that may be variable on
space and my, n;, Mg, N5 are typically constants with respect to space and time (though that
restriction can be loosened in various ways within the model). K is the erodibility. The
coefficient O, represents a reduction factor, in a reduction exists, in sediment transport rate in
the hillslopes compared to that in channels. The factor G is related to the runoff processes to be
modelled and assumes particular importance when the subsurface saturation runoff mechanism
is simulated. For Hortonian runoff G=1. Methods for determining the other coefficients from
the governing physics will discussed later in this chapter. The discharge in a channel, Q., and
the discharge per unit width, g, again may be parameterised in any way suitable. We choose to
represent them here as

Q = BA™ (3.7)

q=2 (38)
w

w=p,Q.™ (3.9)

where Ais the catchment area draining to that point in the channel, w is the width of the channel
at that point, $5 and 3,4 are constants that may be variable on space and mz and m, are constants
with respect to time and space. The equations are solved on a spatial domain with boundary
conditions
Z2_o

" (3.10)

where p isthe direction perpendicular to the catchment boundary.

The governing equations are non linear partia differential equations of two states;
these two states are elevation, z, and an indicator variable for channelisation, Y. The most
important qualitative characteristic of a catchment, the branched network of channels that form
the backbone of the drainage system of a basin, is thus explicitly modelled. There are five
important variables distributed in space, that are derived from these two states. They are the
steepest downhill slope, the contributing area, the discharge, and the distribution of channel
initiation function and sediment transport in space. The channel initiation function and sediment
transport feed back into, as inputs, the two state equations for elevation and channelisation.
Thus there is a non linear interaction between the elevation and channelisation, and the channel
initiation function and sediment transport in space. This interaction is the central feature of the
model that drives the drainage network growth.
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3.3 Extended Output from SIBERIA

The level of detail output of the erosion model is controlled by afile called ‘siberia.setup’. All
of the extended capabilities of the erosion model SIBERIA are controlled by thisfile. A sample
file is provided with MOSCOW with more complete documentation of how to use it written
into the file. Below is ssmply a summary of its capabilities. Comments in this file are denoted
by a‘# character in the first column. All of the commands discussed below are written into this
file, al the user has to do is uncomment them out (using Wordpad or some other similar text
editor) to make them active.

3.3.1 Storing Diagnostic Output from SIBERIA

Diagnostic output is all the output that is written out to the text window behind MOSCOW as
the code is running. This data is sometimes useful to check that a run has been performed
correctly or that to check on some more detailed characteristics of the simulation. The command
to output diagnostic output to afileis

ECHO FILENAME

where file name is the name of the file that you want the information go to.

3.3.2 More Detailed Data Output

By default the erosion model SIBERIA outputs 8 internal variables from the model. These are
output in the file whose name ends with *.rst2’. These are for each point on the grid (1) slope,
(2) a spatial variation variable, (2) a variable that indicates whether a channel or gully exists at
that point, (4) elevation, (5) area draining through that point, (6) the direction that water drains
at that point (7) the depth of any channel at that point and (8) the depth of the soil at that point.
Not al of this output is necessarily meaningful as it depends upon what components of the
model are active and what parameters are meaningful. Some of these states (eg. channel depth
and soil depth) are still in research stage and will not be reliable until a great deal more research
is done on channel and soil model.

SIBERIA is also able of putting out other data from the simulation and the user can
control which, if any, they want. These are controlled by the file siberia.setup. The generic form
of the command to output a particular characteristic is

OUTPUT characteristic
Where ‘characteristic’ is one of the data types that SIBERIA can output. They are documented

in the siberia.setup file but include (this is not a compete list ... see the file for more recent
options)
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YIELD: Thisistherate of loss of elevation per year (in mm/year) at that point in the grid at the
time at which the file was outpui.

AVEYIELD: This is the rate of loss of elevation per year (in mm/year) averaged over the
catchment draining though that point in the grid at the time at which the
file was output. The difference with YIELD isthat yield isfor that point
in the grid while AVEYIELD is the average for the catchment draining
through that point.

ZCHANGE: Theisthe elevation change at the point since the start of the simulation.

AVEZCHANGE: Asfor AVEYIELD this is the elevation change for the catchment draining
through that point since the start of the simulation (note that if the
drainage pattern has changed during the ssmulation the beginning and
end catchment will not be the same).

GULLYPOT: Is a plot of the Channel Initiation Function (CIF, see the channel model)
throughout the catchment. Even if the channel model is not activate this
may be a useful indicator of regions of high risk of gully erosion.

LOGGULLYPOT: Is the log of GULLYPOT. The log may be useful to plot because the
typical range of GULLYPOT is normally extremely large and typically
ranges over several orders of magnitude.

TONNESHECTARE: This is YIELD with the units of tonnes/hectare rather than mm
elevation change. Thisis simply a conversion based on bulk density.

AVETONNESHECTARE: This is AVEYIELD with the units of tonnes/hectare rather than
mm elevation change. This is simply a conversion based on bulk
density.

3.3.3 Inputting Regions of Spatially Variable Runoff/Erosion

SIBERIA has the capability to inputs regions that have different runoff and erosion properties
from surrounding areas. The general principle is that a default set of hydrology and erosion
parameters are specified exactly as we have done with the database above. These are assumed
to apply everywhere in the region, except where we say other parameters are to apply. We
specify where these other parameters apply and what values these parameters have in another
file. An example file called test.erode is included to show the principle. This file must be
constructed with an editor separately from the MOSCOW parameter dialogs. Comments in this
fileareindicated by ‘# in the first column.

The principle is that we define a region over which the new parameters will apply
(using the region capability of VIEWER, see Section 2.4), we specify which of both or either of
the runoff and erosion properties are to be changed in that region, and how those values are to
be changed. A sample command to modify the erosion parametersis
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erosion absolute 0.01 0.6 0.7 'test1.rgn’

The general form of this command is that
the first word is erosion to indicate that thisis to modify the erosion parameters
the second work is either ‘relative’ or ‘absolute’ to indicate how the parameters are to
modified. ‘absolute’ meansin the region over which parameters are to changed that the
default parameters are to be replaced by the values specified here. ‘relative’ means that
the default parameters are to be multiplied by the values here.
The next 3 numbers are the new parametersin the order, coefficient on the fluvial
sediment transport equation, exponent on discharge and exponent on slope.
Finally the file that specifies the region (called aregion file) over which the parameters
are to apply. Thisfile name should be surrounded by apostrophes.

The general form of the runoff command looks similar to this with some slight
modifications

runoff absolute 1.0 0.8 'testO.rgn'

where
The first word is runoff to indicate that we wish to modify the runoff parameters
The second word is ‘relative’ or ‘absolute’ as for the erosion command
The next two parameters are the runoff parametersin the order coefficient and exponent
on areain the discharge equation respectively.
Finally the region file for the new parameters.

The recommended method for constructing this file is to copy the example
‘test.erode’ and edit and copy individual linesin thefile.
To input the file to MOSCOW the following process must be followed

RUNOFF: The Runoff model in the RUNOFF PARAMETERS dialog must be set to 3 and the
name of the file that you have just constructed above must be input into the Runoff Model file
box directly below in the dialog.

EROSION: The Erosion model in the EROSION PARAMETERS dialog must be set to 3 and
the name of the file that you have just constructed above must be input into the Erosion Model
file box directly below in the dialog.
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Finally, if you wish to modify both runoff and erosion properties in the one run you
can mix erosion and runoff commands in the one file and input the same file name to the two
different file boxes above.
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(2) EAMS Moscow Menu Options

Moscow has 5 pull down menus.
The are operated by using the left-hand mouse
Fin- | wpor | Soe | Pamewkns| Ha
_ button. The FILE and HELP menus are self-
explanatory. HELP brings up help files in
Internet Explorer and you can then explore the capabilities of Moscow in much the same way as
you explore an Internet web site.

4.1 IMPORT Menu

Importing a digital elevation map and gridding these elevations onto a grid is a
single stage process where you specify the input file name, the area to be extracted and the
resolution of the grid to be generated. It is slected by choosing one of the menu options
‘Import>Import DXF File', ‘Import>Import XY Z File’ or ‘Import>Import RAW File'.

The menu controls the import of

0 E AW Muces V2001 non-native file types into Moscow and their

3 gridding. Three file types are supported. For

al three file types the data that is requested

next is the same so we will not distinguish

between the three in the discussion below. The details of the format of the files are outlined in

the section 4.1.1. After triggering the menu you will be prompted for the file name of the to be

input. Subsequently you will be prompted for the X and Y coordinates of the edges of the area
to be gridded and for the resolution of the grid to be used for gridding the data.

Immediately after selecting the Import
menu the user is asked for the name of the file to be
imported. Only files with the correct extension are
shown (i.e. .dxf for DXF files, .xyz for XYZ files and

I T File
Trepean, AW i

W Easl | -1 -1

o raw for RAW files).

Next the eastings and northings of the
domain to be gridded are requested. This dialog allows you to extract a small portion from afile
that covers amuch larger area.

The initial information in the dialog is al —1's as in the figure to the left. If you
leave these —1s and simply click OK to this dialog the code will grid al the data in the file. To
do this it analyses the input data and makes the west-most point the western edge of the domain
and the southern-most point the southern edge of the domain. The eastern edge of the domain is
the nearest grid point that encompasses all the data so that the eastern most point is just inside
the eastern most edge of the grid. The procedure is similar for the northern edge of the domain.

If you wish to grid only a portion of the file then you must enter the eastings and
northings of the portion to be extracted from the file. The top line of the dialog is the easting
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and northing of the south-west corner of the domain (i.e. bottom left corner of the map) and the
bottom line is the easting and northing of the north-east corner (i.e. top right corner of the map).
If the distance from the western to eastern boundary is an even multiple of the grid resolution
then the eastern edge of the grid coincides with the eastern boundary entered (likewise for the
northings). On the other hand if the distance is not an integer multiple of the grid resolution then
the eastern boundary of the grid is the nearest integer multiple of the grid resolution that is just
to the west of the eastern boundary. Thus the eastern edge of the grid is just to the west of the
input value for the north-east corner. The process is the same for the northings.

Finally, when the boundaries are specified only those points inside the boundaries
are used in the gridding. Points outside the boundary are ignored.

B oncoedise (utput Floes Fibe After inputting the information about the
rid Spacing | 10.0 in Mates boundaries of the domain to be extracted and gridded
Cancai the next dialog asks for the resolution of the grid onto

to which the input elevation datais to be gridded. Enter
the appropriate value and continue.

Immediately
after you respond with the
resolution of the grid the
extraction will start. During
this time a series of
information lines will be
output to the command
window. The window to the
left shows the start of a
typical dxf file extraction.
Most of this will not be of interest to users so you may skip to reading the next section at this
stage. However, sometimes this data will be useful for diagnosing a problem in the input files.
The 6 linesimmediately after “INPUT BOUNDARIES’ indicate the range of values that will be
extracted from the file. Here the —1s against the northings and easting indicate that all data will
be extracted. The next two lines show the maximum and minimum elevations that will
accepted. These latter two values cannot be changed but reflect the highest and lowest
elevations on the Earth, in metres. Be aware that if you have data outside this range it will be
skipped. We have occasionally seen dxf files where the elevations have been in cm’s or mm’'s
and their values lay outside this range. In this case the data cannot extracted until the original
files are converted in metres. It is possible the same may occur if the elevations are expressed in
feet.

For every 10,000 lines in a dxf file a progress line is written to the screen. Likewise
for every 10,000 valid (x,y,z) triples extracted a progress line is output. If you are inputting a
large file (several 100,000 data points or more) you may want to take a coffee break because a
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dxf file can be VERY large and is consequently very slow to input (much slower than an
equivalent XYZ file).

4.1.1 The File Types

4111 DXF I mport

A DXF fileisasimple text file (there is binary version of the DXF format but is not
widely supported so we do not support it in EAMYS) that includes all information describing an
object. It is a much more general format than simply the elevations of a surface since it is used
for al sorts of engineering design applications. This means it is capable of representing
complex objects ranging from mechanical parts like components of an engine to cartographic
information including everything that is shown on a topographic map, including land use,
houses, roads, names as well as the actual elevations. In addition Autodesk (the developers of
AutoCAD, the originator of the DXF format) are continually upgrading the format as they
upgrade AutoCAD. Each new revison of AutoCAD results in mgor increases in the
capabilities (and thus the complexity of reading) of the DXF format. On the other hand the DXF
format is a common exchange format used by Mine Management packages.

However, writing a general DXF reader is considered a very difficult task. In
general any DXF reader can only read a subset of the DXF files presented to it, and thisis true
even for any given version of the DXF format. The DXF reader in EAMS generally conforms
with V11 of AutoCAD (i.e. it can read anything output by V11 of AutoCAD, with some
limitations listed below) but is also capable of reading some data generated by later versions of
the file format.

The known limitationsin the DXF Import software:

Layersareignored. The reader reads all recognised x,y,z triples, ignoring any layer
information. Thus you should only output from your CAD package those layers which
include surface elevation information.

If you have afile that you cannot be read by EAMS (a good indication of thisis that
it extracts many less valid data points than you think are in the file) please send us the file and
we will attempt to incorporate the missing reading capabilities in the next revision of EAMS.
Thisistrue even if you are able to work around this problem by generating an earlier version of
the DXF file with your CAD software.

411.2 XYZ I mport

This file is particularly simple and, if need be, can be easily created by just about
any program. Many CAD packages can generate this format or something closely
approximating it. It smply consists of a series of lines, with one data point per line. Each line
has on it the X, y and z coordinates of the data point. The 3 data values should be separated by



EAMS 2.00 User Manual 24

spaces. There should be no lines of information before the first data point and there should be
no information in the file after the last data point.

4113 RAW I mport

Thisisthe native file format used by the MINDRAFT mine management package. It
is aso the native format of EAMS. The user may then ask why there is a RAW import option at
al?You will soon realise that the import of dxf filesin particular is quite slow and there may be
times when you wish to grid the same domain with a variety of resolutions (e.g. 2m, 5m, 10m)
to see the effect of grid size, etc on the model predictions, etc. In this case you can extract the
dxf file first time through (which creates araw file of the x,y,z data) and in subsequent gridding
you can use the raw file extracted first time through instead of re-extracting the dxf file. This
way you can skip the dxf extraction on subsequent time through the gridding. A .raw file is
generated as an intermediate step between dxf (and xyz) extraction and before gridding. It has
the same name as the origina file but with the .raw extension. If the origina file was
‘samplel.dxf’ then after dxf extraction there will be file called ‘samplel.raw’ which consists of
the (x,y,z) data in MINDRAFT format. There will also be a file called ‘samplel.grid.raw’ but
thisis the data after gridding in MINDRAFT format. Remember .raw files are the origina X,y,z
datawhile .grid.raw are the result of gridding that data.

Thus to skip the extraction of the dxf file use the .raw file from the previous
extraction. Note you will still be prompted for the boundaries. The boundaries are used in the
gridding process, NOT the extraction so when the original .raw file is created it will have the
elevations for the entire domain. So if you enter —1's you will get the whole domain of the
original dxf file.

4.1.2 Gridding Data

The gridding is done by:

Creating a DelLaunay triangulation of all the pointsinside the specified domain.
Interpolating the elevations for the grid off the Del.aunay triangulation.

Since only points inside the domain are using in creating the triangulation then there
will a small area aong the edges of the boundary that cannot be gridded. This is the region
where atriangle would otherwise have been created that would traverse the boundary with some
vertices inside the boundary and some outside. If thisis a problem then the user should consider
using alarger boundary.

Be mindful, however, that even in this case the boundaries may need to be some
distance from the edge of the region being studied by SIBERIA, otherwise there may be
boundary effects on the erosion simulations. An example of this would be where deposition in
the real world is creating an alluvial fan that extends out to the boundary. On the boundary of
the domain SIBERIA imposes fixed elevations which will suppress the aluvia fan in the
simulation (because the elevations can't increase at the boundary). This suppression of
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deposition may propagate upstream, and effect the ssimulated erosion and deposition some
distance from the boundary.

4.2  SIBERIA Menu

Once the elevation data is
o - | e extracted and gridded simulation with
ﬂ b SIBERIA is a two stage process. The first
stage is to tell EAMS what the run
characteristics are going to be (e.g. model
parameters, run time, at what times to output data for analysis). The second stage is to actually
run SIBERIA.

We discuss the first stage first. This stage is triggered by selection of one of the two
menu options ‘ Siberia>Input from RST2' or * Siberia>Input from RAW’.

The first dialog presented is a file input dialog for the elevation to be used as the
initial conditions for the simulation.

For RAW input there isasingle file dialog requesting the .grid.raw file to be used for inpuit.
For RST2 input two file dialogs are presented one after the other. The first file dialog
requests the RST2 file to be input. Thisfile hasin it elevations and parameters, as well as
other information that may or may not be used by SIBERIA depending on the run options
requested for the SIBERIA run in the dialogs that follow. The second file dialog requests
the BND file that for that RST2 file. Thisfile has the computational boundariesinit (i.e.
what nodes are used in the calculations and which ones are ignored). Some RST2 files do
not need BND files. In thislatter case you should just press cancel for the BND file dialog
without selecting afile.

The directory that the RST2 or RAW file resides in is then set as the default
directory for al the output files.

The dialogs that follow are the same for both RST2 and RAW inpui.

The next dialog inputs information about the data files to be output with the results
of the ssimulation in them. By default, the user should not change the format of the file to be
output from the default (RST2, indicated by the radio button in the top right hand corner) RST2
file format. Thisisthe file format expected by Viewer. RAW file format can only be viewed by
MINDRAFT and the ACIRL mine rehabilitation package ARGUS.

ENEAMS Moscos V.00
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The next item to fill out in the dialog is the generic filename for the output. The
default entry in this field is the directory in which the original RST2 or RAW fileisin and the
filename is the same file name as this initia filename. The actua filename is made by using this
generic filename as a starting point and then appending onto it the time at which the output is
made by SIBERIA. The process of construction this file nameis fairly straight forward. It is the
number of timesteps of the simulation plus the * Start time’ entered in this dialog. Thus if you
request that output is to be produced after 12 timesteps/years (the input of this data comesin the
dialog) and you input 1970 as the start time then in this example the file name of that output
will be test-0001982.rst2.

Finally the last piece of information in this dialog is the ‘number of outputs to be
produced. This is the number of times at which you will want output. This of you want outputs
at times 10 and 20 you should input ‘ Number of Outputs =2. Then press OK to this dialog.

After this another dialog comes up which request the

W gl et Dalpast Ty (M) B2
H times at which outputs are requested. It has the same number of input
£l o boxes as requested in the previous dialog for ‘Number of Outputs'.
] et In the case at left because you input 2 at the previous dialog there are

2 boxes. If are more than 10 times the first 10 will be requested and a
new dialog will request the next 10, etc until all the times are input.
The times of output should be input in ascending order.
Once these data are input you are ready to set up the characteristics of the SIBERIA
run. This process is a little different for RAW file input and RST file input so please continue
with appropriate section that follows.

42.1 RST2 Input

The next step involves setting the run parameters, erosion parameters, hydrology
parameters, etc. Default parameters for the simulation are read from the RST2 file. These
parameters are in the first 27 lines of the RST2 file, but unless you know what you are doing we
discourage you from messing with this file because SIBERIA expectsit in a very specific form.
These parameters need to be finetuned for your simulation. EAMS will not allow you to run
SIBERIA until you have done this.
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Details of the various parameter options see Section 4.3.2. As an absolute minimum
you will need to specify the run time in years of the simulation (this is the ‘Run Parameters
dialog). Once you have done this you can then go to the menu ‘ Run Siberia’ in Section 4.2.3.

4.2.2 RAW Input

The next step involves setting the run parameters, erosion parameters, hydrology
parameters, etc. If you have requested input from a RAW file you will be immediately asked to
open a SIBERIA database (go to ‘Open Database’ section of Section 4.3 to see how this works)
and select a parameter data set to be used. This parameter set then becomes the default
parameter set for your run. You can always go back and select a new parameter set, and this
will overwrite all your current parameters.

One you have input the database you must modify the parameters for the SIBERIA
run. The database selection process above for RAW files reads default values from the database.
You still need to finetune them for your simulation. EAMS will not allow you to run SIBERIA
until you have done this.

Details of the various parameter options see Section 4.3.2. As an absolute minimum
you will need to specify the run time in years of the simulation (this is the ‘Run Parameters
dialog). Once you have done this you can then go to the menu ‘ Run Siberia’ in Section 4.2.3.

4.2.3 RUN SIBERIA

When you select this menu option two things are done
The datafiles required by SIBERIA are constructed. The details of this process are not
important but sometimes it may be necessary for usto look at these files to diagnose a bug
in the software, or arun time problem you are having. The run datais all summarised in the
file ‘siberiakb.com’ in the * Program Files directory on the System Disk. In addition for
RAW file input the requisite RST2 (i.e. initial elevations and dummy parameters) and BND
(i.e. computational boundaries) files expected by SIBERIA will be generated. The names of
these files are based on the name of the input RAW file. If the input raw fileis call
‘junk.raw’ then the RST2 file name will be called ‘junk-start.rst2’ and the boundary file will
be called ‘junk.bnd’. The RST2 file can be used in EAMS-Viewer just like any other RST2
file (i.e. just checking to make sure the datais OK or perhaps selecting regions that have
different erodibilities or runoff, etc).
SIBERIA isrun using the data files just constructed.

4.3 DATABASE Menu

This menu controls the opening and manipulation of the database(s) containing the
SIBERIA parameters.
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The process that needs to be
followed here is to open a SIBERIA
parameters database, select a set of parameters
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that are considered by the user to be

set up the run.

4.3.1 Open Database

appropriate, and then edit these parameters to

The EAMS distribution

Lok | =3Esms 2m =] | e e ) installation supplies a number of

3 Dioc umenisdions standard databases. In addition you

Iﬂﬂﬁh may create your own for your project

= et (more on that later). The extension

) bvin_ps oo ek for a SIBERIA databaseis‘.sdb’. The

standard databases are to be found in
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When you have selected a
database you will be prompted by a dialog to select
a parameter set from this database. A typica
database is shown to the left. The large scrolling
window (up and down are controlled by the left and
right arrows near the bottom right of the window)
consists of a series of names for datasets. To select a
dataset you simply scroll up and down until you find
the set you want and click once on the name to
highlight it (it will also appear in the text box at the
bottom of the dialog; in this case we show selection
of ‘Wandoan_Soil_ClayLoam’) and then click on
the ‘Retrieve’ button to extract those parameters
from the database.

Do not worry if you have selected the
wrong dataset because you can always go back and

select a new data set with the ‘ Database Record’ menu item in the original Database menu. This
menu item simply returns you to parameter set selection dialog above.



EAMS 2.00 User Manual 29

4.3.2 Database Record

This menu item simply returns you to parameter set selection dialog above. This
allows you to input a new parameter set without having to first select the parameter database.

4.3.3 Set Parameters

EREAMS Maoscow W2 01 !EIEI

File ‘ Iil:lrt ‘ Siberk ‘F‘ @

Dalsbsse Fecord |

BERTTT oo
Cloze Erozion Paramabar:
Hydicloge Pararmeten
OITH Paramebers

Chanred Paramelens:
Tectoic Pammeleis
Dependent Hodel Faianelers
Adumreed Parameter: H1
dnumeed Farameter: B2

Once you get to using this set of menu items you will have extracted the default
erosion, hydrology and other parameters from the database. You now need to finetune the
SIBERIA run characteristics (mainly how long do you want to run the simulation for, perhaps
different hydrology and erosion characteristics). At very least you will wish to check that the
default values are in fact appropriate for your problem. The ‘ Edit Parameters menu item above
provides access to all the current values for the parameters that are required for a SIBERIA run.

EAMS requires you check the parameters before you will be allowed to Run
SIBERIA. At very least you will always have to select the ‘Run Parameters’ to set the duration
of the run. If you don't EAMS will refuse to run SIBERIA. You may choose to select other
parameters as well but they are not compulsory.



EAMS 2.00 User Manual 30

4.3.3.1 Run Parameters

S BERIA names for Parameters. [N e M=
1: RunTime (83.2.1) Eurcan of hewsrion (jaars)

2: InitTimeStep (83.2.2) e — S
3: StatsTime (83.2.1) il o ]

The run time is the duration (timesteps) from beginning to end of the simulation.
The units of years imply that the erodibility and tectonics parameters are for that process per
year (i.e. one timestep = one year). [ADVANCED: While this is the default option this is not
the only way to use this capability. The run time could be interpreted as months provided the
rates of the processes are calculated to be per month. For instance you could input that the run
timeisto be 10 years in which case b1 will be interpreted as the erodibility of the material/year.
However, if you divided bl by 12 then you could run the model for 120 time steps and get the
same result. While normally you will be interested in the erosion per year there can be
occasions where having better temporal resolution can be useful].

The Time Step (i.e. InitTimeStep ) is the resolution used internally within SIBERIA
during its calculations. The appropriate size of the time step is determined by the stability and
mass balance compliance of the solver. If you input a negative number then SIBERIA will
dynamically estimate the time step based on an approximate and empirical criteria based on a
maximum 1% mass balance error (use this option with caution for DEM’s with large flat areas
as it can sometimes set ridiculously small timesteps). In either case the user should assure
themself that the resolution is high enough to ensure that the results are correct. For a typical
temperate climate, aresolution of the DEM of 10m and moderate slopes (mostly less than 20%),
anormal agricultural soil and adomain of size 1km x 1km a good starting point for a time step
is about 0.01 when the time step is in years. This is not, however, a golden rule and it is
sometimes useful to start with a very large timestep to get a rough, qualitative idea of what the
erosion is like without excessive computational times, particularly if you are working with a
large domain. If you do this be aware that the results may be grossly in error and it is possible
that SIBERIA will crash and burn without warning.

The period between diagnostic statistics is simply the time at which summary
statistics are output to the DOS window. This output is particularly useful when the user sets
‘siberia.setup’ to echo al simulation output to a file. In this case the diagnostic statistics are
output to the file specified in ‘siberia.setup’ as well as to the screen. This allows some simple
monitoring of simulation output, such as is sometimes required to correctly set the timestep for
difficult problems.
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4.3.3.2 Erosion Parameter

SIBERIA names for Parameters:
1: ModeErode (§321) | 20| Made for Sedimert Transpart Madel

Input File: Sediment Transport kodel

2: FileErode (§3.2.3) |

3 bl (§322) !D.4DDDE—DS Caoefiicient an the fluvial transport relationship

4: ml (§322) !1-50':'0 Expanent on discharge in the fluvial transport relationship
5 nl (§322) | Z.0000 Exponent on slope in the fluvial transport relationship

6: Qs|—|o|d (§322) |D-DDDDE+DD . Fluvial transport threshald

7: b12 (§322) ID-DDDDE"DD Coefiicent on the second fluvial transport relationship

8 mil12 (§322) |1-DDDD Exponent on discharge for the second fluvial transport relationship
9: Ot (§322) ITDDDD The ratio of overland:channel fluvial transport rates

10: Bulk (83.2.2) |1.3000 Bulk density of soil

11: Cover (§322) !TDDDD Vegetation cover factor

12: dzZ (§322) !D-DUUUE+DD Diffusivity of diffusive transport

13: dZn (§322) !TDUUU Monlinearity of difusive transport

14: dZHold (§322) |U-UUUUE+DD . Diffusive transport threshald

ok || cancel| mext |

There are a range of erosion models that can be selected. Full details of the
capabilities of this component of the model are to be found in the SIBERIA User Manual.

The erosion model selected is determined by the value of ModeErode. The default
model is invoked by either ModeErode equa to O or 20. When either ModeRunoff (see the
runoff parameters) or ModeErode is greater than or equal to 20 the grid resolution input by
GridXY in the DEM options parameters is used and all properties are input as per unit width.
When both ModeRunoff and ModeErode are less than 20 the grid resolution is assumed by the
model to be 1 and GridXY isignored so that all properties are per node. Normally a user will
input ModeErode=20 to select the default erosion model while using GridXY ..

For the default erosion mode with fluvia erosion the typical user will input values
for bl, ml, nl, Bulk and Cover. If they have the data to calibrate the soil creep they will also
input avaue for dZ. All other parameters would normally be left as the default values.

Some notes can be made about the units of the processes. It is here that most
mistakes are made in setting parameters. The parameter b1 would normally be calibrated such
that the erosion is measured in cubic metres of sediment per unit time and per unit width of flow
and the bulk density would be input as tonnes per cubic metre. This ensures that the elevation
changes calculated by the model are in metres. For the diffusivity dZ the units here are in cubic
metres of bulk soil per unit time and per unit width.
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The user should aso remember that in the absence of channels (see the channel
model) the erosion rate for the domain (which is hillslope) is

qs = Bl thmlSn]

so the presence of the term O, should not be neglected in the determination of the parameter
values. It is suggested that in cases where channels/gullies are not modelled that O, should be
set to be equal to 1.

As afinal check that the correct parameters are determined it is worthwhile to check
by hand that the correct amount of material is lost per year during the smulation by comparing
it with what the calibration data would suggest. This can be easily checked locally by looking at
erosion lost/year in Viewer (i.e. the mean elevation over some set portion of the domain for two
different times of a simulation). A more accurate estimates can be determined by looking at the
change in total mass in the statistics controlled by StatsTime in the ‘Run Parameters dialog.
Total massis simply the sum of the elevation of every node in the domain. Thus the erosion loss
can easily be calculated by taking the difference between total mass at two times, and dividing it
by the number of years between the two times and the number of nodes (given by ‘Total Area
in the same table of statitsics) to give the elevation change per unit time. The statistics tabled
used here can be accessed in the log file specified for output in the file ‘siberia.setup’.

For methods to calibrate bl the user is referred to the SIBERIA User Manual.
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4.3.3.3 Hydrology Parameters
S BERIA names for Parameters:

B8 H el gy P o e

1: ModeRunoff (83.2.1) o

Mode far Auncd FMadal

_I'IPLll File Rundi Modil
2: FileRunoff (§3.2.3)

3: ModeDir (83.2.1) ! Moo fr Cramage Dimcions kddel

npiil File Cradnage D echineds: Model

4: FileCtrBank (83.2.3)

5: b3 (83.2.2) o Coafficiarnd on the araa in #e dscharga raladanship
6: m3 (§322) 1.0000 Fower on the area N dschange redalanship
[ ) cancei] | wisd |

There are a range of runoff models that can be selected. Full details of the
capabilities of this component of the model are to be found in the SIBERIA User Manual.

The runoff model selected is determined by the value of ModeRunoff. The default
model is invoked by either ModeRunoff equal to O or 20. When either ModeRunoff or
ModeErode (see the erosion parameters) is greater than or equal to 20 the grid resolution input
by GridXY inthe DEM options parametersis used and all properties are input as per unit width.
When both ModeRunoff and ModeErode are less than 20 the grid resolution is assumed by the
model to be 1 and GridXY isignored so that all properties are per node. Normally a user will
input ModeRunoff=20 to select the default runoff model while using GridXY ..

For the default runoff mode the typical user will input values for b3 and m3. All
other parameters would normally be left as the default values.

Some notes can be made about the units of the processes. It is here that most
mistakes are made in setting parameters. The parameter b3 would normally be calibrated such
that the runoff is measured in cubic metres of runoff per second for a1 in 2 year runoff event
(see the SIBERIA User Manual for the reasoning behind this choice) per unit width of flow.
This discharge is then used in the calibration of the erosion model.

In the event that the runoff properties of the landform themselves are not of interest
to the user then a simpler calibration approach is possible which mean that output runoff values
are not meaningful but the erosion predictions are still correct. If the default runoff model is
substituted into the erosion equation then the following equation results

q,= (Kﬁgml)A'”‘m3S”' = Ko1"s"
and given a known area and slope for a plot to correctly calculate the erosion al that is

necessary is to calibrate K¢ to the data. When inputting this into EAMS it is sufficient to set
B, =1 and m; =1, and then set the erosion parameters such that K = K ¢ and m, = md.
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One smple way to do this calibration is to use another model (e.g. USLE,
CREAMS, WEPP) to predict the erosion rate on a range of plots with different lengths and
slopes over the range likely to be encountered in your problem (we recommend at least 3 of
each). Then use this data to do a multiple regression against area and slope to determine the
valuesof K¢, m(, and n,.

The parameter ModeDir is most useful for inputting contour banks where flow is
constrained in the directions it can flow. The default model without Contour backs is
ModeDir=1. Before using this model the user should carefully read the SIBERIA User Manual.
We are currently working on extensions to Virtual Earthworks in EAMS-Viewer to automate
the construction of the files necessary to model contour banks.
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4334 DTM Parameters

S BERIA names for Parameters: LK e

1: kx (83.2.1) 12 Enetirg Dirmnsicn of the grid [nn of rodes]

2: ky (83.2.1) &7 Pdariing CAmsrnion af e gid o of nodds)

3: GridXY (83.2.2) H0.000DE-0 g repluiion i

4: East (§3 2 2) 123E54500 Egring of e ot ke Fand came of e grid gu)

ZOWCE0D egining A fa botion 16 hand comer of tha grid iy

5: North (83.2.2) = ; |
L 8 e el T il

These are the characteristics of the elevation data used in the smulation. Y ou should
never modify the first two parameters. These tell SIBERIA how big the grid is that being input
to the model. If these are changed SIBERIA will be unable to read the RAW or RST2 file input.

The third parameter gives the resolution of the grid. This also should not be changed
because it can be used within SIBERIA to convert between discharge/unit width to
discharge/node within the model. Thus changing this may lead to incorrect results.

The fina two parameters give the south-west corner of the grid. These number are
not currently used in SIBERIA but are used in EAMS-Viewer to georeference the digital maps.
The final three numbers should agree with what you input when you extracted and the gridded
the data earlier.
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4.3.35 Channel Parameters

S BERIA names for Parameters:
: ModeChannel (83.2.1) 0 bokadie far Chinned Mol

1
2: 1l/at (83.2.2) 1.0MCEAD 'EIE ki
3:b5(83.2.2) 2.un Cagficient o the Chamalintiaon Funchion (CF] ritanship
4. m5(83.2.2) 0400030 Eaninart an dachag ¥ing GIF elaicnihp
5:n5(83.2.2) 700000 Exponet an siope 0 the CIF mEtonship
6: al (83.2.2) 10000 CAschanga facis banwasn ftviad Fanspon and CIF
7: DTime (83.2.2) A Rste of channed forveation
8: b6 (83.2.2) 0.0I00E00  coefican in e channal geansty nodel
9: m6 (83.2.2) 0.0 Eeuonank inhe thanoal geanahy nodal
coce| e |

This component of the model controls the ability of SIBERIA to generate channels.
When this model is not used the catchment is considered to be entirely hillslope and erosion
rates are calculated asif the catchment is entirely hillslope.

The operation of this component of SIBERIA and the user is referred to the
SIBERIA manual for adetailed discussion of how this model works.



EAMS 2.00 User Manual 37

4.3.3.6 Tectonic Parameters

S BERIA names for Parameters:
1. ModeUplift (83.2.1)

2: FileUplift (83.2.3)
3: TimeUp (83.2.1)
4: ZInit (83.2.2)

5: Notch (83.2.2)

6: TAmp (83.2.2)

7: TPeriod (83.2.2)
8: TPhase (§3.2.2)

For the vast mgjority of practical applications most users will not use this capability.
For greater detail on how to use this capability see the SIBERIA User Manual.
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4.3.3.7 Advanced Parameters #1
S BERIA names for Parameters:

1: ModeSoil (83.2.1) " Mode for £ot dayalprient nod
2: SoilRate (83.2.2) | ODDCE+DD | Coatficant 4or #a snil sl
3: SoilExpl (8§3.2.2) |0 OODEE-E0 Eupanant 1 n tha soil sl
4: SoilExp2 (83.2.2) {DLO0DDEDD S Esmpant & i te el noms
5: SMThreshold (§3.2.2) 0000 B seines aanct eeshok

This model is part of an ongoing research project into the development of soil
profiles using SIBERIA. You should never modify these parameters. You use this model at
your own risk.
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4.3.3.8 Advanced Parameters #2

S BERIA names for Parameters:

1: Model (83.2.1) of Ao e WG @iy i Bisn s

2: ModeSolver (83.2.1) 5 Moce for Sednert Trarepan Sokver

3: ModeRandom (83.2.1) a Wk Tor T Ul sakier

4: ModeMC (83.2.1) o ook o MR AT ek 26 s E0HGr

5: DirReg (83.2.1) ' Averaging tmpan far drarage Amchons sover

6: FactMx (83.2.2) 1.0000 isireti v for FACTER i fusial aedlmnt soie
7: FRanMn (83.2.2) 10000 ME=n of pertiebabans ir o me

8: YFix (83.2.2) 100 Tha CIF foe Bried 2 pairds in Tissfal setiman aotver
9: FRanCV (83.2.2) CLOCUDE+ 00| B o et n ramoam ok

10: b3SDs (83.2.2) UICHOEID 50, of ghort-term seatafions in narf rein

11: b3SDI (§3.2.2) CLOOCE. 00 (50 for kng-iem warisins i munaf rake

12: FranZ (§3.2.2) OSM0E-02 P80 of rendomsaian i e inkiad shavations for Diam ung
13: YHold (§3.2.2) COINE+I0 e WL Cx threshodd i thes CIF-swdlching retstionship

Most of these parameters control the internal operation of SIBERIA or control very advanced
modes of operation of SIBERIA that should be used with extreme caution. It is unlikely that
you will ever need to modify these parameters in normal day to day applications. Moreover, if
you modify them it is possible that SIBERIA will not run or will give erroneous results.



EAMS 2.00 User Manual 40

5 EAMS Viewer Menu Options

When EAMS-Viewer s
initially started two windows will appear
on the screen.

The 1% window looks like
the one at the left with a menu bar across
the top. This window is used to control
the application. The menu items are
triggered with the left mouse button.
Below we will refer to this window as
the *viewer window’

The 2™ window is a black DOS command window and opens in the background.
Nothing of any importance will appear on this window but do not attempt to close this window
as doing this will kill the application. If this black window gets in the road you can shrink it to
the window bar at the bottom of the screen.

File  (Plan | Siface) Cptiies: KON Hein

Viewer Window

There are two parts to the

Bl Plen | aricel Orkony H) viewer window (see left).

Al Mo af oy g oA The first part is the menu bar

""L:'.:i"-.;hhlu.wrli'f-.'. II=;-'I| .
& across the top. These menu items are
b Iy D i PN

=TT Dosuss | D acTuzing triggered by use of the left mouse button
. i | SosMlma | S indivi i i i
A T Ll and the individual items are explained in
Hrpart 130 [Tee] Tex BARINIENT i
B S ey ol the sections that follow.
I i%i'lin_-lﬁll:l Kamian Tia

The second pat is the

Viewer Window showing content region popup menu content portion of the viewer window

which is the large white section below

the menu bar. If you do anything that triggers some form of output to the screen then this

information appears here. This window can be resized to provide more visible lines of output

and the window can be scrolled up and down using a popup menu in the content portion (see
above). This popup menu is accessed using the right mouse button.

51 File Menu

BREAME Viesss ¥ 2 0] The file menu controls all aspects of
manipulation of files of data. The
individual menu items are explained in

the following sections.

Viewer Window showing the File pulldown menu
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5.1.1 Open

The open menu item is used to input the

BB EAME Views ¥ I.00

Fle |Fian | surace optons SR = RST file input. If when you ran

- Inpul VT RETZ Ak SIBERIA you aso generated a
-~ SHEAIA InpuFik verion 703 _ _
== REUMA not found corresponding RSU  file (see the

SIBERIA manual and the ‘siberia.setup’

file) then Viewer will also input this as

well provided it is the same directory as

the original RST2 file.

Viewer Window and the content region after file input The content window shown here is for a
RST2 file (generated in this case by

version 7.08 of SIBERIA) and the Viewer has not found a corresponding RSU file.

5.1.2 Difference

The difference menu item alows

B EAHS Viewss ¥ 200 !HEE

[File  [Plan | Suriace | cptons I Help you examine the difference between
- - Input 7 ASTE fie i

3 5_'&;.:. e A two SIBERIA output. files. As for
et i AL the open menu, if there are
-~ EIHERIA IMpuiF e Yersian 7.0a . .

= mm.nr.:mfm ASTZ Tia data corresponding RSU files they are

also input and differenced.

After  selecting this

menu item you will be presented
Viewer Window and the content region after fileinputusing ~ with  two file input dialogs
differencing (corresponding to the 1% and 2™
files respectively). After input of the

two files the content window will look something like the screen snapshot above.

After inputting the files you will find under the PLAN and SURFACE menu items
two additional datasets. The 1% dataset is simply the first data set input. The 2™ data set is the
first data set minus the second dataset. The menu item for the 2™ data set will have a‘(-)’ before
the name of the 2™ file to indicate that it is a difference data set and that it is the file aboveit in
the menu list minus the one in the menu item.

5.1.3 Statistics

This command request statistics for
T each data file and is dlightly
{5 D gy A B 81 w342 different from the statistics

| (o0 D gy 5 b B i 8 Db s k2
Camel | | -0k I
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command that is part of the popup menu in the PLAN windows. It outputs statistics for all of
the states in the nominated file (selected from the dialog on the left that comes up after
requesting this option) over the whole domain. If you wish to get statistics for a region of the
file then you must select statistics from the popup menu in the PLAN window.

A typical set of results from a

File | Plan | Sufoce Crtons R e statistics request is shown at left.
— |k T RETEd ..
T A Folies vanien 7B Note that the dtatistics are
~- Rl s el foadnd
I:I-‘l-‘l‘EIiI:.h::‘i I:'m in-L--.g;;-,uE;;as.-.-nmmEmm:ml? provided for the region within
wrid Sira = | 2 i - . -
O ol Dot Pty = 110 the boundaries of the domain.
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Viewer Window and the content region after statistics output meaningless because it simply

summarises the integer values
for drainage directions (see the SIBERIA manual for an explanation for how this works).

5.1.4 Quit

This command quits the application and closes all currently open windows and files.

52 PLAN Menu

This menu controls the display of a
plan of a data set a plan window. The
plan window is the main window in
which data analysis is done and is the
work house of Viewer.

There are two menu items on this
menu and they are discussed below.

R EAME Viewm V¥ 200

Viewer Window and the Plan pulldown menu
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52.1 Draw

This menu item alows you to select
. the data set that you wish to display on
m i the screen. Initially when Viewer is
ik o, started there are no submenus to this
Wt menu item but each time a file is
opened its data is added to the menu

item as shown at the | eft.
To select a dataset to be displayed
simply select the data set in this drop

down menu. Aftre selection of this item the plan window will be drawn on the screen using

B AMG Vs ¥ 2 305

Dl b

defaults for the size of the window and the data range. The appearance of this window can
then be manipulated in the plan window (see below).

5.2.2 Overlay

EELEETET N . C1=l The overlay menu item allows
e[

[ Cnday [T you to overlay various pieces of
e information on top of all existing
Flsipak;

plan windows. This overlay is
aways positioned on top of
whatever changes occur to the
plan picture of the data. When
the overlay option is selected it is
applied to ALL plan windows.

The data than can be overlayed are
(1) theposition of each data point in the domain
(2) thegridthat the datais displayed on
(3) thedrainage network for the domain.
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5.2.3 The Plan Window

DO NOT USE
WINDOWS CLOSE
BUTTON

Dela 508 informatian

The Plan Display Window showing its various component

When initially displayed the plan window will look something like the picture above. There
are three regions in this window that will be discussed in detail in the following sections. In
each of these regions there is a popup menu for modification of the window appearance.
These popup menus are accessed with the right mouse button. The three regions of the
window are

(1) The Content Region: Thisisthe large region in which the datais displayed.

(2) The Colour Bar: The colour is the left hand part of a strip across the bottom of the

window and controls the colours used in the content region.

(3) The Manipulator: This is the set of arrows on the right hand side of the strip on the
bottom of the window. This controls the position of the data in the content region and
allows you move left, right, up and down as well as zoom in and out.

NB: It is important NOT to use the Windows close button (the cross in the top right corner

the window as thiswill totally quit EAMS-Viewer, not just close the window).
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5.2.4 Plan Window Components: Content Region
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Content Region with main popup menu visible
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Viewer Window with results for a Single Point
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Viewer Window with results for a Rectangle, showing
the left and right boundaries of the selection and the data
range.

The content region of the window is
that region in which the data is
displayed. There is a pop-up menu in
this region (accessed using the right
mouse button) that provides tools for
data analysis. The picture to the left
shows the main popup menu in this
region and we will now discuss the
role of the main menu item here.

In addition you can also inquire the
value of the variable in the content
window by use of the left mouse.
This doesn't require the pulldown
menu.

Inquire a Single Point: Click with left
mouse button on the node for which
you wish to know the value. The
position and value of that point are
output in the Viewer Window (see
left).

Inquire a Rectangle of Points. You
select a rectangle of points by rubber
banding a box. Simply left mouse
click at one corner of the desired
rectangle and with the mouse held
down drag to the other corner, then
release the mouse. The results for the
rectangle are output in the Viewer
Window (see left). If you wish to
have more precise control of the
rectangle position use the pulldown
menu in the window, which will
alow you to type in the rectangle
coordinates.
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Statistics>
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The Viewer Window with the results of Statistics
regquest. Note that the data range and the number of data
points are also output. Note that the number of ‘valid
data points’ will be less than the number of points you
would calculate from the dimensions of the rectangle if
the rectangle partly lies outside of the boundary of the
landform.

The statistics menu item alows you
more precisely control the region for
which you want to data results than is
possible by using the rubber banding
in the content region.

When you request this option you are
presented with a dialog as on the |eft.
You may request to analysis the whole
of the region (i.e. click in the radio
button that says ‘All Data) of a
rectangular subset of a region (i.e
click in the radio button that says ‘ Data
range’). If you want to analyse a
rectangular subset you then need to
specify the minimum and maximum
values for the x and y coordinates (the
units are nodes starting at (1,1) at the
bottom left hand corner). When you
click OK the data will be output to the
Viewer Window (as shown left).
Wether you get the statsistics for all
data sets in the appropriate file or just
those for the window you are
examining depends on what mode is
set in the Options menu in the Viewer
Window.
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Viewing>

This menu item allows you
input exact values for the
position of the data within the
window. This menu item
performs the same role as the
mani pul ator but more
precisely.

For each of the menu items
selected a dialog will brought
up in which you input the
required data. The default data
in these dialogs is the current
information for the region.

S Flaee Ehrealoe: 1 gyt AN S veslwemaH 0 B lua Lo el

Content Region with Viewing popup menu visible
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This menu item allows you select a
portion (caled a ‘region’) of the
domain. This region can then be
output to a file so that it may be sued
by SIBERIA to specify regions
within the domain that have different
runoff or erosion properties.

There are 5 options for selecting a
region. They are

(1) Catchment: In this option you can
Content Region with Select popup menu visible sdect an entire catchment from
catchment divide all the way down to
the catchment outlet. Simply click
somewhere inside the catchment you
areinterested in. It is generally useful
to have Overlay>Network selected to
make it easier to see which catchment
you are selecting (see the pulldown
menu optionsin the Viewer window).
You can also select just part of
catchment by using the Modify
Drainage menu item (see below) to
break the drainage paths at your
desired point and then selecting the
catchment either upstream or
downstream of that point. After the
operation the catchment area selected
will be highlighted in white.

(2) Region: In this option you can
select an irregular region by using the
mouse. Click at the first point in the
region and then click at each corner
of the region (a grey line will be
rubber banded while you are moving
the mouse around). To finish the
selection f region double click and
the region will be closed with the last
line being added to meet up with the

v B Sowermt kS S b | D i

After Select>Catchment (note that the grey square has
been identified as the catchment outlet because of the use
of Modify Drainage)

Rubber banding during Select>Region
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first point. At this point a white
irregular region will be overlayed
showing those nodes that have been
selected inside this region. The
original region input will aso be
shown.

(3) Sngle Point: This option alows
you select a single point. Simply
click at or next to the point you wish
to select. You might find it useful

The final result from Select>Region for this option to have
Overlay>Grid or Overlay>Nodes

selected when you do this to alow
you to better identify the point you
want to select.

(4) Downstream Points: This alows
you to select a drainage path
downstream of a selected point. In
this case click on the node at the
upstream end of the drainage path
and al points downstream of this
point will be selected. You might
find it useful for this option to have
Overlay>Network selected when
you do this to allow you to better
identify the point you want to select
(5) Merge Sdections: When you
read in region file the selected
region from the region file is kept
separate from any region that you
might already have selected (this
allows us to undo anything that
might already be done). This is why
afilethat isread in is shown as grey
instead of white. There are times
when you want to create a region

that is merger of two separate region
The result of a selection by Select>Downstream Points files or of a region file and a

The result of the selection of by Select>Point
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selection on the screen. In this case if you merge selections then all the current selected areas
are merged together so that when you output to a region file everything is output. Otherwise
only those areas that are white are output. After Select>Merge Selections all selected area will

be white.

The figure below exemplifies the process. In step 1 a region has been selected with
the mouse. In between Stepl and 2 this selection has output to a region file (called

B e Flrmidas 0 s oA A8 5 rinhri a1 ool | o L. 1] =]

1. After making Selection 1 2. After saving Selection 1 and clearing the
selection using Select>Reset

P T T ST peT—

3. After making Selection 2 4. After reading in region file created at Step 2.
Selection 2 isin white while Selection 1, read
from theregion file, isin grey

5. After merging selections.
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‘selectionl.rgn’, region files are expected to have the extension ‘.rgn’) and then the active
selection has been cleared with Select>Reset. In Step 3 another selection is made, called
Selection 2. In Step 4 Selection is read in from the region file created between steps 1 and 2.
The active selection (i.e. the one that is used by Viewer if it does operations on selections) isin
white, while the one read in from the file is grey. If read a second file in then it would also be
grey, as well as the original file. In Step 5 these selection have been merged, indicated by the
whole region being white. Now if Viewer does something based on the region it used the two
white areas whereas in Step 4 it would only use the right-most white area and not use the grey
area. For instance, if you output a region file after Step 5 it will use the two areas in white,
whereas in Step it would only output the right-hand area.

In addition to creating selected areas there are a number of menu optionsin Select. They are
Reset: This erases any active selections
Input from File: Thisallows you to input a previously saved selection
Save to File This saves the current active selection, typically in aregion file. A region file is

T —r— EE|  amost identical to a SIBERIA boundary file
Sutput Fllanans with one exception. A SIBERIA boundary
Ingut| jun rqrl file must have a catchment outlet(s) selected
Type of culput fis & gererals whereas this is not necessary for a region

':5: ﬁ::—: fs";f:i“'* file. When you ask to output a selection you
Are presented with a dialog as to the left.
Garey | o | Y ou need to select what type of file to output

(the name must end in .bnd for a SIBERIA
Save file dialog for a Selection boundary file and .rgn for aregion file).
The default directory for the save is the
Program Files directory on the system disk. If this is not where you want it then you will
need to specify the full file path name.
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UnSelect>

Content Region with Unselect Popup menu visible

There are three options on this menu item.

This menu item is the exact reverse
of the Select menu item. This
allows you to unselect or exclude
points from an aready selected
region. Note that you do not have to
do the unselection from the same
window that you did the origind
selection in. This alows then to
select based on one or more
characteristics (e.g. elevation) and
then unselect parts of that already
selected region on the basis of some
other characteristics of the data (e.g.
slope)

(1) Catchment Outlet: This allows us to unselect an entire catchment by using the mouse to
identify the outlet of the catchment you want to unselect. Simply click on or next to a node
and the catchment upstream of that point will be unselected.

(2) Region: In the same way that you selected a region you mouse around a region and that

region will be unselected.

(3) Input Region File: Read in an aready output region file (presumably from a previous
selection operation) and the region in the file will be unselected.
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Modify Drainage>
This option alows you to
modify the drainage pattern of
the landform. Essentialy you
use the mouse to bresk the
drainage paths so that one node
no longer drains to another node.
Thisis most useful when you are
selecting a region using the
catchment option. By breaking
the drainage path you are then
able to select a catchment (see
the ‘Select>Catchment’ menu
Plan Window and the Modify Drainage popup menu option) above a given point in
the landform instead having to
select the entire catchment all way down the edge of the boundary of the landform. Note
that in both cases the drainage directions of the landform are permanently modified inside
Viewer but the original file that was input is not affected (i.e. you can always read it into
Viewer again) There are two options on this menu item.
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(1) Catchment Outlet: This option allows you to break the drainage at a single node in the
domain. Simply click at or near the node in question and the node will have its drainage
path broken. Its useful when doing this to have Overlay>Network (from pull down menusin
the Viewer Window) turned on as this will immediately confirm that you have selected the
right point because the blue line linking that node with the one downstream will disappear.
This indicated that the selected point no longer drains into the node that used to be
downstream.

Ol Plid Efirwain B gc EAE S e | el

Drainage network before Drainage Modification

B0 Ml E|ewaiagne - %gae et By, gisemad B et b

Drainage Network after Drainage Modification of a single point
identified by the small grey square in the centre of picture. Note
that the drainage line down stream of the grey square has
dissappeared.
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(2) Multiple Catchment Outlet: In this case you rubberband aline (i.e. press the mouse down
at the start of the line and hold the mouse down while you mouse to where you want the end
of the line to be, then release the mouse). All drainage paths that cross that line will be
broken. As with the Catchment Outlet option above it is useful to have Overlay>Network
turned on when doing this. This option is a useful way to break a large number of drainage
paths simultaneously as, for instance, when you want to select all catchments above some
feature in the landform. This is useful if you want to select all nodes upstream of some
feature (e.g. the edge of the rehabilitated landform) but to one side of a drainage divide
because all you then to do is then select each of the catchments upstream of the breaks. Y ou
could do this with Select>Region but it can often be difficult to follow the catchment divide
accurately even with Overlay>Network turned on.

el PLai Elirwaimn B gae' EA N S adunod | el

Drainage network before Drainage Modification
= Hian §ievshen: U spene b A nibensdil e sl

the rubber banded path

Drainage Network after Multiple Drainage Modification (the rubber banded line was from top to bottom in
the middle of the picture). Note that the drainage linesin the centre of picture have dissappeared.
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Virtual Earthworks>

Virtual Earthworks are a set of simple tools to manipulate the shape of the landform. It is
most useful for rehabilitation design. This part of the Viewer package is document in
Section 6. Once triggered it operates relatively independently of the Viewer software.
Refresh Window>

This menu item exists for when you set Manual Refresh in the Viewer Window pulldown
menus. When you have lots of windows open in Viewer the automatic refreshing may
become quite distracting and sometimes (depending on your graphics hardware) quite slow.
In those it is suggested you turn off Automatic Refreshing and use the Refresh Window
option.
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5.2.5 Plan Window Components: Colour Bar

The colour bar controls the colours
used for visualisation, contouring
and the range used to clip the
display of the data (i.e. data
outside the range is clipped to the
display range). Like the other
regions of the window the colour
bar has a popup menu that is
accessed by use of the right mouse
button (see left). The colour bar is
straightforward to use.

ERPlan: Elevation: D:\garryAEAMS\siberial10\test rst2

] RedGrentle To change the range of
- Bl To e the data to be displayed click on
1000 Wl .68 one of the two numbers values
Green Ta'white
e Tofd underneath the colour bar. You
1l ke will prompted with a diaog to
il change one or other of these
Law Black 3
L minimum and maximum value.
werlay Lontours 13

To change the colours

Colour Bar Popup menu. . ]
for the top, mid point or bottom

e e _ colour click in the appropriate box
cumet [l a1 00 _ above the colour bar. Again you
it i s will prompted with a diaog to

ARaafonn - HighWatia| 165 change those values. Alternatively
| [TEY carca] ] ancal a range of colour schemes are

The Colour Selection Dialog. ~ The Range Selection Didlog. ~ Provided in the popup menu.
To display al vaues

below the minimum value as black
select the menu item Low Black>On. To display all values above the maximum value as white
select the menu item High White>On.

Finally to draw pseudo-contours on top of whatever colour scheme you have
adopted select one of the options under Overlay Contours. Sinusoidal provides a number of
cycles of smooth lightening and darkening from the bottom of the data range to the top. Positive
Ramp is a gradual decrease in lightness then a sudden increase followed by another gradual
decrease, etc . Negative Ramp is the opposite of Positive Ramp.
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5.2.6 Plan Window Components: Manipulator

The manipulator is the small set of arrows in the bottom right hand corner of the window. It
provides control of the position of the drawing within the window.
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The Zoom popup menu

To move the picture click on the left
arrow, right the right arrow, etc. The increment that
is moved each time can be modified in the popup
menu in the manipulator region (using the right
mouse button) by setting a number for the
Tranglation Scale factor

To zoom in click in the circle in the
centre of the arrows. The zoom out hold down the
control(ctrl) key while clicking in the circle. Again
the increment that is zoomed each time you click
can be controlled with the popup menu.

The popup menus aso alows you to
return to the original view before any manipulation.

Finally the same effect as clicking in the

arrow keys can be obtained by placing the mouse in the content portion of the window and
clicking on the left, right, up and down cursor buttons on the keyboard. The ‘+ key zooms in
and ‘-* zooms out. Finally if you set the numeric keypad on the buttons ‘4, *8’, ‘6’, and 2’ can
be used to move the picture around (note the similarity to a cross of the arrangement of these

four keys).
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5.3 SURFACE Menu
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Viewer Window and the Surface>Draw menu.

This menu controls the display of a
plan of a data set a plan window. The
plan window is the main window in
which data analysis is done and is the
work house of Viewer.

There are three menu items on this
menu and they are discussed below.

This menu item allows you to select
the data set that you wish to display
on the screen. Initially when Viewer
is started there are no submenus to
this menu item but each time afileis
opened its data is added to the menu
item as shown at the left.

To select a dataset to be displayed
simply select the data set in this drop
down menu. After selection of this

item the surface window will be drawn on the screen using defaults for the size of the
window and the data range. The appearance of this window can then be manipulated in the
surface window using the popup menu options(see below).

5.3.2 Drape
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Viewer Window and the Surface>Drape menu.

This menu item allows you to select
the data set that you wish to display
on the screen. This date set is then
draped over the elevations of the
landform. Initially when Viewer is
started there are no submenus to this
menu item but each time a file is
opened its data is added to the menu
item as shown at the left.

To select a dataset to be displayed simply select the data set in this drop down menu. After
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selection of this item the surface window will be drawn on the screen using defaults for the
size of the window and the data range. The appearance of this window can then be
manipulated in the surface window using the popup menu options (see below).

5.3.3 Overlay

The overlay menu item allows you to
overlay various pieces of information on
top of al existing plan windows. This
overlay is always positioned on top of
whatever changes occur to the plan
picture of the data When the overlay
option is selected it is applied to ALL
plan windows.

The data than can be overlayed are

(1) the position of each data point in the

Viewer Window and the Surface>Overlay menu.

domain
(2) thegridthat the datais displayed on
(3) thedrainage network for the domain.
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5.3.4 Surface Window Components: Content Portion
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The default view when the SURFA CE window

opens
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The surface after it isrotated to provide a good

viewing angle and lighting is turned on.

The content region of the window is that
region in which the data is displayed. There
iS a pop-up menu in this region (accessed
using the right mouse button) that provides
tools for data manipulation. The main
purpose of the Surface window is not data
analysis but data visualisation. For data
analysis you should use the PLAN window.

Initially by default the view of
the landform is shown from above and
looks very similar to the plan window.
However, by rotating the landform (see the
Manipulator section below) and turning on
the lighting the three-dimensional viewing
of this landform becomes clear (see left).

There are a number of popup
menu options from the content part of the
window and we explain them now.

To be able to set repeatable
display characteristics from window to
window there is an easy way to save the
light position. See the discussion of the
Viewing>Save Macro popup menu item for
this capability.
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Viewing>

The Viewing popup menu

This menu controls how the data are
displayed.

The first four options (‘Home
View’, ‘View All’, Get Viewing Position’,
and ‘Set Viewing Position’), control the
orientation of the data. Less precise, but
easier to use, orientation of the data is also
available through the manipulator portion
of the window (see below).

The macro options alow the
saving of the current format of the picture
S0 it may used again at a later data, or for
another surface window. When ‘Save

Macro’ is selected the current setting for the window are saved to a file. These include (1)
colour scheme, (2) vertical exaggeration, (3) orientation of the data, (4) lighting and rendering
options. When ‘Apply macro’ is selected the saved settings are applied to the current surface
window. Only one set of settings may be saved at any one time.

The ‘Vertical Exaggeration’ setting alows you to control how verticaly
exaggerated the surface is. Typicaly if no exaggeration is used the surface will look flat
because the vertical dimension is typically much less than the horizontal dimensions. Viewer
initially selects a reasonable exaggeration based on the data ranges and use will need to change

those with this menu item.
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Rendering>

o 1L MR Y e ina | [Fuden i

Rendering popup menu.

Rendering controls how the surface is
displayed. There are avariety of options.

The two Rendering options
require lighting. A default position is set
by Viewer initially and the position of this
light can then manipulated by the Lighting
popup menu.

The other rendering options do
not use lighting so the Lighting options
have no effect on these.

To be able to set repeatable
rendering from window to window there
IS an easy way to save the light position.
See the discussion of the Viewing>Save
Macro popup menu item for this
capability.
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Lighting>

b Lightngy Pavion

The Surface lighting popup menu

and Southern Hemispheres.

The lighting options are not active
until one of Rendering options that
require lighting are selected. By
default when the surface window is
displayed lighting is not activated.

In the default position
(see left) the left edge is the western
edge, the right edge the eastern edge,
etc. The lighting positions based on
the time of day are consistent with
this orientation.

The  backlight/frontlight
options correspond roughly to winter
position of the sun for the Northern

The ‘Get Lighting Position’ option puts up a dialog with the exact coordinates of the
sun, while the * Set Lighting Position ...” option allows the input of the exact lighting position.

To be able to set repeatable lighting from window to window, however, there is an
easy way to save the light position. See the discussion of the Viewing>Save Macro popup menu

item for this capability.
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5.3.5 Surface Window Components: Colour Bar
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The Colour Selection Dialog. The Range Selection Dialog.

The colour bar controls the colours
used for visualisation, contouring
and the range used to clip the
display of the data (i.e. data
outside the range is clipped to the
display range). Like the other
regions of the window the colour
bar has a popup menu that is
accessed by use of the right mouse
button (see left). The colour bar is
straightforward to use.

To change the range of
the data to be displayed click on
one of the two numbers values
underneath the colour bar. You
will prompted with a dialog to
change one or other of these
minimum and maximum value.

To change the colours
for the top, mid point or bottom
colour click in the appropriate box
above the colour bar. Again you
will prompted with a dialog to
change those values. Alternatively
a range of colour schemes are
provided in the popup menu.

To display al vaues
below the minimum value as black

select the menu item Low Black>On. To display all values above the maximum value as white

select the menu item High White>On.

Finally to draw pseudo-contours on top of whatever colour scheme you have
adopted select one of the options under Overlay Contours. Sinusoidal provides a number of
cycles of smooth lightening and darkening from the bottom of the data range to the top. Positive
Ramp is a gradual decrease in lightness then a sudden increase followed by another gradual
decrease, etc . Negative Ramp is the opposite of Positive Ramp.
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5.3.6 Surface Window Components: Manipulator

The manipulator is the small set of arrows in the bottom right hand corner of the window. It
provides control of the position of the drawing within the window.
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The Zoom popup menu

To move the picture click on the left
arrow, right the right arrow, etc. To rotate the
picture hold the control key while you press on the
arrows. The increment that is moved each time can
be modified in the popup menu in the manipulator
region (using the right mouse button) by setting a
number for the Translation Scale factor

To zoom in click in the circle in the
centre of the arrows. The zoom out hold down the
control(ctrl) key while clicking in the circle. Again
the increment that is zoomed each time you click
can be controlled with the popup menu.

The popup menus aso alows you to
return to the original view before any manipulation.

Finally by placing the mouse in the content portion of the window and clicking on
the left, right, up and down cursor buttons on the keyboard the surface can be rotated. The ‘+’
key zooms in and ‘-* zooms out. Finaly if you set the numeric keypad on the buttons *4’, *8’,
‘6’, and ‘2" can be used to rotate the picture around (note the similarity to a cross of the
arrangement of these four keys). In addition, thekeys‘7 and ‘9’ can be used to tilt the picture.
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5.4  OPTIONS Menu

The options menu allows control over various
default ways that Viewer operates.
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5.4.1 Input Options

This controls what happens when you input the data files. You may swap the data north-
south, or east-west. This option is ONLY active when you input a file so if you input and
then change this option al previously input files are unaffected but all subsequent file are.

5.4.2 Selection Visibility

When yopu make selection in a PLAN window this option determines what other windows
this selection appears. By default only the window in which you do the selection displays
the selection but can also (1) have it displayed in all other PLAN windows from the same
file, and (2) haveit displayed in any corresponding SURFACE windows as well.

5.4.3 Inquiry outputs

When you inquire a point this option determines whether you only get the data from that
window in which you inquire or whether you get data for data sets from the corresponding
file.

5.4.4 Window Refresh

Be default all windows refresh automatically when they need to be updated (when the data
in them changes, when that window is brought to the front for some reason, etc). If you have
a large number of windows open this behaviour may become quite tiresome. In this case
you can set the windows to manual refresh and use the popup menu options in the PLAN
and SURFACE display windows to update the windows manually when you need to.
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6 Virtual Earthworks
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APPENDICES

Appendix A: Revision History

Version 1 (1998-2002)

Version 1 was developed for mine site rehabilitation applications as part of the Queensland
Coa Association “Post-Mining Landscapes’ project. It involved the development of an
interface to a series of pre-existing codes as well as the development of a database of
parameters for erosion prediction based on field data collected in this project. This version of
the software was not widely distributed beyond research colleagues. It was also restricted to
running on Windows 95 and 98 because of limitations in the graphics software used to develop
the GUI interface.

Version 2 (2002-date)

A magjor upgrade for EAMS. This involved rewriting the code to use a Fortran 90 interface to
the OpenGL graphics and other support libraries. This allowed the support of Windows 2000,
XPand ME.

2.00: Implementation of FO0 interface and updating to Windows 2000/ X P/ME.

2.01: Maintenance upgrade. Numerous small bug fixesin Moscow. Viewer unchanged.



