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Preface / System Requirements

Preface

Floods are natural processes. Urbanization and increasing population density as
well as a concentration of economic values in flood prone areas have increased
the risk in many regions. Natural flood plains all over the world are being settled
or and used for industrial purposes. Perception of the flood hazard and the
associated risks in many cases is low, if not inexistent, particularly in such areas
considered to be safe, e.g. behind dams or levees.

New planning approaches, though, try to counteract these developments and
create suitable flood protection concepts. In this process, the delineation of flood
prone areas is a very important first step. Additional information in this
delineation process is achieved by the calculation of water levels at any given
point at different times during a flood event. Such information delivers very
important basic data for the determination of the risk potential. In addition the
possibility to simulate the temporal dynamics of the flood event produces
important information for disaster management plans.

FloodArea enables the user to do both types of analysis. This manual explains in
detail the application of the software. Relevant examples are being given. The
particularities of the computational algorithms are also explained in detail.

FloodArea is an ArcGlIS extension, which is completely integrated in the graphical
user interface of ArcGIS desktop, utilizing Spatial Analyst functionality. No details
of ArcGIS or Spatial Analyst are explained here. The user is assumed to be familiar
with the use of ArcGIS in general and ArcMap and Spatial Analyst in particular.
Reference is given in the respective manuals or via online help.

FloodArea is a joint product of geomer GmbH, Heidelberg, Germany, and
Ingenieurgemeinschaft Ruiz Rodriguez + Zeisler +Blank, Wiesbaden, Germany.
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What FloodArea Can Do For You? / System Requirements

What FloodArea Can Do For You?

The main purpose of FloodArea is the delineation of flooded (inundated) areas.
Calculations are based upon

e adrainage network grid with water levels assigned to it. Though the water
levels can vary spatially (e.g. along a river stretch) they remain constant
during the simulation process. The water levels can be changed, however,
by modifying them between single model runs, or by

e one or more hydrographs at user definable coordinates, or by

e arainstorm simulation over a wider area, specified by a weighted Grid.

Model results are stored as Grids at user defined intervals, providing for the possi-
bility to reproduce the temporal aspect of the flooding process. The values of the
resulting Grids can be stored as absolute height levels or as values relative to the
surface. If needed, the flow direction vectors can be output for each individual
grid.

Additional parameters can be specified for a simulation run. Flow barriers (e.g.
road embankments), which are not represented by the elevation model, can be
specified. Locations of dam failures can also be specified determining at which
points flow barriers fail, making dike break scenarios possible.

To adapt the flow velocities to real world conditions, the user can specify
roughness values.
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Installing and Loading FloodArea / System Requirements

Installing and Loading FloodArea

System Requirements

Minimum requirements are ArcGIS Version 10.x and the Spatial Analyst extension,
a Windows XP, Windows Vista or Windows 7 operating system und 2 GB RAM.
Recommended are at least 4 GB RAM and 10 GB free disk space.

The maximum Grid size for FloodArea depends on free memory. Increasing the
virtual memory is not an option because disk swapping will reduce processing
speed tremendously.

Disk space requirements depend directly on the number of intermediate simula-
tion Grids.

Installation

The Installation of FloodArea will be accomplished by using the install-setup
program FloodArealOSetup.exe.

[E=RE=R ) 15 Setup - FloodArea10.0

Select Destination Location
Where should FloodArea 10.0 be installed?

15 Setup - FloodArea 1040

Welcome to the FloodArea 10.0
Setup Wizard

This willinstall FloodArea 10.0 on your computer.
' Setup wil install FloodArea 10.0 into the following folder.

Itis recommended that you cose all other applications before
contining, To continue, click Next. If you would ke to select a different folder, dick Browse.

Browse...

Click Next to continue, or Cancel to exit Setup.

Atleast 12,9 MB of free disk space is required.,

prere| e

Demo data and demo ArcMap project

The installation procedure will install an ArcMap document (mxd-file) with
associated data and also this manual. These files will be copied to the user’s User-
Folder during the first start of FloodArea. The path of the User-Folder depends on
the operating system. Please read additional explanations in the chapter
Demoversion und Demo Data, on p. 43.

Activating the FloodArea toolbar

After installing FloodArea a new toolbar can be activated in the customize dialog
by clicking Customize, Customize mode.
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Installing and Loading FloodArea / Registering your license

stomize =

Toolbars Qommandsl Options

Toolbars:
Editar - New. ..
Effects

Feature Cache Rename...

Feature Construction

FloodArea Toolbar L IQel—ete/
GPS 3
Geocoding _m

Geodatsbase History

Geometric Metwork Editing
Georeferencing

Geostatistical Analyst

Graphics

Image Classification -

[Keyboard... ”Add from file... ” Close

Registering your license

To be able to make full use of FloodArea with your own data you need to register
your license. You will be asked to do so after any new start of ArcMap, until a
valid license code is entered.

P

Please insert your licence code DEMOVERSION

If a valid license code is not entered FloodArea can still be used with it’s full
functionality. However, it will not be possible to work with data other than the
data provided with the demo project. After entering a valid license code, the
dialog won’t show up again automatically.

The dialog for entering a valid license code can also be activated by using the
menu FloodArea, License Number.

P —

geomer

GEOINTELLIGENCE AND BEYOND

Version 10.0 — July 2011 4



Installing and Loading FloodArea / Registering your license

Flood&rea 'q

Available Memary

Calculate flooded area

Display simulation infe / Continue simulation

Create / display animation
Unify legend

MM & 3% @

Sumrmarise Grid values

T
EN

Create shape of flow direction

Choose language / Auswahl der Sprache
FloodArea licence
Info

o |

In the subsequent dialog you can enter or display the license code.
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Using FloodArea / The FloodArea Main Menu

Using FloodArea

The FloodArea Main Menu

After loading the FloodArea, its toolbar can be used just like any other toolbar.
The available sub-menus are shown in the figure below.

Floodd ~ X

l/ :E oodbrea

Available Memary

New Toolbar

Calculate flooded area

& o

Display simulation info / Continue simulation

=
o

Create / display animation
Unify legend

Summarise Grid values

M [ (&

Create shape of flow direction

nu
E

Choose language / Auswahl der Sprache

Flood4rea licence

2 & g8

Info

Available memory

Use this option to check whether or not enough memory is available for the
simulation. Please note that the given value is an estimate only, since all other
running programs and the operating system itself use the available memory in
concurrent operations. The given percentage is based on the physical memory
only. Try to avoid using virtual memory. In this dialog you can select from a list of
raster data layers from the active data frame or load one from disk. In the latter,
the selected layer will be added to the data frame.
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Using FloodArea / Available memory

avataie ooy S ES

The maximum Gnd size to perform the calculation with
depends on available memory. Before starting the
programm (and prepearing the data) please check, if
your computer has sufficient memory.

Please select Grid with the same extent and cellsize
wou want to use for the calculation of flooded areas:

|

The maximum Grid size to perform the calculation with
depends on available memory. Before starting the
programm (and prepearing the data) please check, if
your computer has sufficient memony.

Fleaze select Grid with the same extent and cellsize
you want to use for the calculation of flooded areas:

gelaende -
| Caleulste | | Cancel |
Result
Tatal physical memory: 2096656 K

Total available memorny:
Reguired memony: 1224 KB
Frese memary: 543743 KB

& &

Avoid simulation runs requiring memory above the available real memory. Using
virtual memory may increase processing time tremendously.
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Calculate flooded areas (inundation zones) / Vorbedingungen

Calculate flooded areas (inundation zones)

This is the core option of FloodArea. Use this menu for hydrodynamic modeling of
inundation areas for given water levels (e.g. from a 1D model).

Vorbedingungen

For calculating inundation areas using FloodArea a minimum of two input raster
layers are needed:

a digital elevation model and
e arasterized drainage network

or
e point(s) with attached hydrograph(s)

or
e arainstorm distribution raster with attached hydrograph

Itis recommended to define the map units in the data frame properties. If not set,
the unit meters will be assumed. Please be aware, that wrong units will produce
wrong flow volumes and velocities, and thus will lead to unusable results.
However, map units can be set also later on in the main dialog of FloodArea
(Calculation of flooded areas).

Feature Cache | Annotation Groups | Extent Indicators | Frame | Size and Postion |
Gerersl | Dataframe | Coordnate System | llumination | Gids

Name: ayers

Description:

Credits:

Units
Map: lMeters i I

Display: [LHmown Units V]

Tip:  See Customize > ArcMap Options > Data View tab for
additional options for displaying coordinates in the status
bar

Reference Scale: <None > -
Rotation: 0
Label Engine: ESRI Standard Label Engine -

Simulate layer transparency in legends

ok J[ ol |[ ooty |
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Calculate flooded areas (inundation zones) / Running a simulation

Running a simulation

Start the simulation definition by choosing the option Calculate flooded areas
from the main dialog:

-
). Calculation of ﬂmdad_ g

Required data

Elevation model: | -

Units of elevation moow mapunits m -

f

Waterlevel | Hydrograph | Rainstom

Drainage network: gewaesser - m -
Flooding depth {specification of input data)

) Relative elevation @ Use absolute elevation

Elevation of input drainage network.
Constant elevation / add up to

elevation 1jm
Combination with option Hydrograph
. Show optional

The geographic extent of a model run is defined by the digital elevation model
specified in the drop down filed Elevation model.

The user has a choice of three variations of simulation. They differ in the way the
water is input to the simulation model.

Using the option Water level (elevation of drainage network) assumes that
flooding is initialized by the entire drainage network, meaning from all grid cells
other than NoData). Water levels can vary spatially but remain temporally
constant during the simulation process.

Using the option Hydrograph (input by individual point locations) water enters
the model at defined locations. This option makes a temporal variation
(hydrograph) of water levels possible (see below how to specify hydrograph data).

The third option Rainstorm (input by a defined area) is very similar to the second
one. The difference between the second and the third option is that the water

levels are defined by a raster (GRID).

Press Cancel to abort the model run.
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Calculate flooded areas (inundation zones) / Running a simulation

Water level (elevation of drainage network)

Using this model option requires at least the specification of the following layers:
e adigital elevation model, which represents the surface upon which the
flow process takes place, including its elevation units

e arasterized drainage network containing elevation values of water levels
(above sea level or above surface)

Both raster layers can be selected from a list of available layers or loaded from

disk.

e

b Corsmnttoonine
Required data
Elevation model: | -
Units Ic::felevaﬁc:n m mapunits m -

Water level |Hyr:h'og'a)h | Rainstam |

Drainage network: gewassser
Flooding depth (specification of input data)

i) Relative elevation i@ Use absolute elevation

Elevation of input drainage network.

Constant elevation / add up to
-
elevation

Combination with option Hydrograph

p

Show optional
properties

In addition two fields for specifying elevation units and map units are available.
Elevation units or the elevation models must be given. Elevation units for the
drainage network are optional; they will be ignored in the case where a
calculation is based on a constant flood level (e.g. 1.5 meter above surface).

p—
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Calculate flooded areas (inundation zones) / Running a simulation

Flooding depth {specification of input data)

D \
i) Relative elevation @ Use absolute elevation
A ) ) .
Elevation of input drainage network.
Constant elevation /addupto — 5 C
B | —" elevation 02 m

The Water level (flood level elevations) is represented by the values of the input
drainage network Grid (box A is checked) .

If the water level (flood level elevations) is represented by the values of the input
drainage network grid, a constant value (specified in field C) can be added. Boxes
A and B must be checked for this method. Elevation units are the same as for the
elevation model.

It is also possible to specify only a constant value. In this case cell values of the
drainage raster will be ignored. In this case checkbox B must be checked, filed C
must be empty and checkbox A must not be checked.

At least one of the checkboxes A and B must be activated!

For all options the water level elevations can represent relative values above the
surface (option D, left), or absolute values, e.g. above sea level (option D, right).

Before actually starting the model run, the plausibility of the user input is being
tested. In case of problems, the user is given some information about possible
erroneous input.

For example, FloodArea checks for missing or wrong specifications in the various
input fields. It also checks for alignment problems between input Grids.

Additional optional Grids can be taken into account by clicking on Show optional
properties.

P
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Calculate flooded areas (inundation zones) / Running a simulation

Optional properties

Flow barner:

leves -
Dam failure:

fail_loc -
Roughness:

rough -
Modification:

grid to continue calculation with:

-
The continue grid has:
@ Relstive elevation
Uze ab=olute elevation
Dizplay simulation info ‘ | load settings
prie—

Flow barriers: All grid cells other than 0 (zero) or NODATA are considered to be
flow barriers. The model algorithm uses diagonal transfer between grid cells.
Thus, in order to function as a true flow barrier, grid cells must be edge-
connected. Grids generated by ArcView’s’ rasterizing of line shape files meet this
requirement. No heights of dams can be specified here. If these are available and
to be used in the simulation, they must be part of the elevation model. Use the
standard SpatialAnalyst functions to modify your elevation model accordingly.

Dam failure: All Grid cells other than 0 (zero) or NODATA are considered to be
superior to flow barriers. Superior means that at any given location (i.e. grid cell)
where both flow barrier and dam failure are set, the dam failure Grid takes
priority. You can use this option for the simulation of dam failures or levee
breaches.

Roughness: A Grid representing roughness values according to Manning. The
values have to be given as ks, (= 1/n), in units of m**/s.

e ——
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Calculate flooded areas (inundation zones) / Running a simulation

Modification: With this option it is possible to raise or lower the complete water
level during the simulation process. The ASClI-file to be selected here has to have
the same format than the hydrographs used within the other options (see page
14). The values will always be interpreted as the difference to the original water
level. The values between the data in the input file will be linearly interpolated
The water level defined in the grid drainage network will be lifted or lowered by
the value defined for the actual time step. With this function you can simulate, for
example, the passage of a flood wave within a bigger river and the effects on the
connected retention areas.

This selection is not available when the option water level has been chosen in
combination with the option hydrograph.

Hydrograph (input by point locations)
Using this option implies that input for a drainage network with associated water
level datais not required and can be ignored. Water is fed into the model through
a hydrograph data file at one or more locations. The name of this data file can be
entered directly or selected from a file dialog.

Required data
Elevation model: dem| -
mlﬂf elevation e mapunits m v
’m Hydrograph m /_ Path to hydrograph data file
Hydregraph: T:\FA_DEMDHF'OJEC?\}m:Imgmph.t @]
Coordinates for hydrograph feed:

i™) Create a new coordinate file

™) Open an existing coordinates file for the
hydrograph input

MWr.  X-ovalue  Y-value

| add new |
| edit |

| delete |

[ ] show markers

P Show optional
‘ Continue H Cancel ‘ ‘ . ‘

P
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Calculate flooded areas (inundation zones) / Running a simulation

The hydrograph data file is simply an ASCII text file that can be created with any
text editor. It must have the extension “.txt” and must be organized according to
the figure below.

1. Column: Time 2. and further Columns:
in hours ~— ~ Discharge in m3/sec
0.00 20.1 5.6

0.05 22.8 5.7
0.17 25.2 5.8
033 243 5.9
0.50 25.3 5.9
0.67 26.2 5.8
0.83 239 5.7
1.00 248 5.5

To separate the columns \\ Dezimaltrennzeichen:

the following characters Punkt
are admitted: empty
space, tab, comma,
semicolon or colon

The file has at least two columns, one holding the time (in decimal hours), the
second and all others holding the discharge (in m3/s). The decimal sigh must be a
dot; columns may be delimited by a space, a tab stop, acomma, a semicolon or a
colon. No empty lines or inline comments are allowed. Comments, though, may
be added as separate columns. But they should not contain any numbers.

Negative discharge values are valid, although their usage is not recommended. If
values are negative, the corresponding amount of water at that point will be
interpreted as being taken out from the model. The algorithm does not comply
with situations, where the negative value is higher than the amount of water cur-
rently available at that particular raster cell. Such assumptions may produce
errors in the overall budget.

Time steps need not be regular. The program interpolates linearly between the
specified time steps. If simulation time (see Additional settings) is reached before
all hydrograph data are processed, the model stops.

The hydrographs input locations are specified by the input coordinates. The
hydrographs are assigned to the input coordinates in the same order as the
columns of the coordinate input file. Note that the numbering of the coordinates
starts with 0. If either the column or the input coordinate is missing, the
corresponding input will be neglected.
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Calculate flooded areas (inundation zones) / Running a simulation

The input coordinate at which water is “fed” to the model are specified either by
digitizing new locations (option A) or by loading a previously created coordinate
file (option B). Loaded coordinate files can be modified using the digitizing tool.

Coordinates for hydrograph feed:
(™) Create a new coordinate file —  |OptionA
(71 Open an existing coordinates file for the Option B
hydrograph input —_—

Mr. Fovalue  Y-value

add new

edit

delete

[] show markers

In case of using option A, a file name and location for the new file must be given

¥
by clicking on the button .

Coordinates for hydrograph fesd:
@ Creste a new coordinate file

o

(7) Dpen an existing coordinates file for the
hydrograph input

Mr. Yevalue  Y-value

add new

edit

delets

[] show markers

In case of using option B FloodArea will try to load the last loaded coordinate file.
If there is no coordinate file, the user can load one from the file dialog = |,

P —

geomer

GEOINTELLIGENCE AND BEYOND

Version 10.0 — July 2011 15



Calculate flooded areas (inundation zones) / Running a simulation

Coordinates for hydrograph fesd:

i™) Create a new coordinate file

i@ Open an existing coordinates file for the
hydrograph input

&

Mr. Yovalue  Y-value

| add new |
| edit |

| delets |

[ ] show markers

A maximum of 500 point locations can be specified in a coordinate file.

Using the buttons

e add new
e edit, and
e delete

existing and new points can be managed.

With add new , new point locations can directly be digitized in the map layout,
the will immediately show on the map.

The options edit and delete will only become active after selecting a coordinate
from the list.

After selecting a point from the list, editing of existing points takes place directly
on the map by clicking its new location. Deleting a point from the list must be
confirmed.

For each location in the input coordinate file, one column with discharge data
must be present in the hydrograph data file. The order of the locations in the list
must be the same as that of the columns in the hydrograph data file. If there are
fewer columns in the hydrograph data file than locations in the coordinate file,
that location will be ignored, and vice-versa.

Using the checkbox | show markers 16 |ocations can be indicated on the map.

e ——
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Calculate flooded areas (inundation zones) / Running a simulation

Fequired data

Elevation model: dem

Units ?felevaﬁm m - map units  m
g |t

Hydrograph: [
Coordinates for hydrograph feed:

) Create a new coordinate file

@ Open an existing coordinates file for the
hydrograph input
C:\Users'\Raik \App Data“Roaming“geomerGmbH\Food & [

Mr. Hevalue  Y-value

118 43 - add new
1592 783

W 748 :
s 6w sl
g52 422

748 343 - show markers

The amount of water leaving the model area at its edges is summed up for each
time step of the hydrograph input file and written to an external file with the
same name, but with a different file name extension (.out). Volumes are saved in
units of m3. Please be aware that already existing files with the same filename will
be overwritten.

Hydrograph data file and coordinate file must be specified in order to be able to
continue the model run with the additional settings.

The optional properties are mostly the same as for the option water level, with
the exception of the modification file which is of no purpose here.
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Calculate flooded areas (inundation zones) / Running a simulation

Optional properties

Flow barrier:

damm -

Dam failure:
durchbruch -

Roughness:

manning -

Modification:

grid to continue calculation with:
testc_006 -

The continue grid has:
@ Relative elevation

() Use absclute elevation

Display simulaticn info l [ load settings l

o=

Please notice: the model stops either when the time specified in the dialog
Additional settings has run out, or when the last record of the hydrograph data
file has been processed, whatever comes first.

Rainstorm (input by area)

This option is almost identical to the one described above, the most important
difference being that the hydrograph is not given for one input coordinate but for
an area. This area is defined by a grid theme. Thus, only one column in the input
data file can be considered.

The format of the hydrograph data is the same as above. Values, though, must be
given in units of mm/h. Output is calculated for the model edge only. An output
file (*.out) is produced in the same way as described above. Values of the output
file are in m3.

p—
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Calculate flooded areas (inundation zones) / Running a simulation

-
). Calculation of flooded area u
Required data
Elevahon model: dem -
Units lc::f elevation m - mapunits m -

Water level | Hydrograph | Rainstorm

Precipitated area: rainstom -

Hydrograph: :h\U=ers'Raik\AppData' Roaming'ge | = |

Input hydrograph in milsec
Combination with option Hydrograph

Different from the option Hydrograph, instead of coordinates for input/output
locations, a grid theme representing the area for the hydrograph data must be
chosen. Grid cells containing the value “zero” or “NODATA” are considered to be
“dry” cells, i.e. cells without water input. All other values given will be multiplied
with the value in the hydrograph data file allowing for a weighted input. If a
weighted input is not desired, all values must be set to 1. No negative values
should be used.

In general the two hydrograph options are the same. Using the areal input with a
grid containing only a single cell, the results of the simulation are the same
compared to using the normal hydrograph option. But before running the
rainstorm option you have to consider the different input units. Pay attention to
the fact that the conversion factor depends on the cell size. Here some examples:
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An input of 1 m3/sec

at a cell size of:

Calculate flooded areas (inundation zones) / Additional settings

is the same as an intensity of:

5m*5m 144 000 mm/h
10m*10m 36 000 mm/h
20m*20m 9 000 mm/h
25m*25m 5760 mm/h
30m*30m 4 000 mm/h
40m *40m 2 250 mm/h
50m *50m 1440 mm/h

100 m * 100 m 360 mm/h

This conversation will be done automatically if Input hydrograph in m3/sec is
switched on. In this case the amount of water described by the hydrograph file
will be divided to the cells of the precipitation area raster. Values within the grid
will be interpreted as weighting values, the total amount of water remains
unchanged.

The optional settings equals to the ones of the option Hydrograph.

If the option rain storm is combined with the option hydrograph, then the
hydrograph of the rainstorm option will be used and a text notice will become
visible.

Combination with option Hydrograph
Attention! In case of combination with option “"Hydrograph” the

Rainstorm-hydrograph-file will be used! _ )
The hydrograph-file in the Hydrograph-option will be ignored!

Additional settings

All simulation methods will be controlled by additional settings. The dialog for
these will be activated after clicking the continue button.
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Calculate flooded areas (inundation zones) / Additional settings

— —— B
b o e W e

A Output options Metadata
irectory for temporary data: Author: geomer H
B Ttmp'floodarea’ comment:
Directory and name(s) of output-Grids: Demo of FloodArea
TMmp'floodarea2'testc_
c (") as absolute elevation
@ in depth above surface
Legend
Saving intervall (in time steps): 05 .
D ~ @ smooth legend ® J
number of output grids/hh:mmiss 6 / 00:30:00
MNumber of legend classes
E QOutput of flow direction (without nodata): K
Condson s Comrpoie [T
Simulation peried (time steps): Blue Bright
=
format hh:mmiss Generate grouping L
Maximum Exchange rate (in %)
G [ Caleulste | [ Cancel

Output options

Use this dialog to specify a directory (field A) for the temporary grids produced
during the model run. Also use this dialog to give a name for the output grids in
field B. The name will be completed automatically by a sequence number, i.e. the
first grid will be named floodareal, the second floodarea2 etc.. Please be aware
that already existing grids with identical names will be overwritten. ArcGIS rules
for grid names and paths must be followed.

In the option field C, the model output values can be given in absolute elevation
(in most cases this means above sea level) or it may indicate water depth above
the surface. In any case the units will be the same as the units chosen for the
elevation model.

The interval of the time steps (i.e. the interval for which intermediate grids will be
saved) can be chosen in field D. One time unit accounts for approximately one
hour of time. This value is an estimate because the model is not calibrated.

The checkbox Output of flow direction (E) needs to be activated if you want to
generate a shape file with the flow direction later on. Please note that this will
generate three grids instead of one for each output time step, so provide enough
disk space if you intend to use this option

Calculation options

Simulation period (field F) is the total simulation time (approx.) in hours. If the
model run is a continuation of a previous simulation, the simulation time will be
extended by the given value.
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Calculate flooded areas (inundation zones) / Simulation pre-processing and processing

The maximum exchange rate (field G) defines the percentage of water volume
present in the current grid cell, which is distributable to the neighboring cells.

If the given exchange rate is exceeded, the model decreases the internal iteration
time step and by this also the exchange rate until the exchange rate will be below
the given maximum.

As the value influences the time step the value has influence on the simulation
speed. If values are high, wave instability can be the result, which will not stop the
model but may produce undesirable results. Values between 1 and 5 % have
proven to be good choices.

To determine the optimal value it is best to run some test. If the resulting water
surface is very smooth one may use a larger exchange rate. In flat areas with high
flowing velocities (like levee failures) usually values around 1% produce the best
results, in steep areas values up to 15% may still produce good results.

Metadata
In order to save information about the grids produced by model runs, FloodArea
makes use of the metadata concept of ArcGIS. Some of the metadata will be
saved automatically (e.g. the simulation period), other information can be
specified by the user. There is the possibility to give an author name in field
Author (field H) and a comment (field I).

Legend

In this section ArcMap specific legend options for the output raster layers can be
specified. NODATA values are set transparent by default. Choose between a
classified or continuous smooth legend in option J, and select a color ramp in L. If
a classified legend is chosen, the number of classes can be given in field K.

The option Generate grouping will create a layer group of the model result grids.
The layer group name will be created from the chosen name for their output grid
followed by “Group”.

The option Calculate will start the simulation run.

Simulation pre-processing and processing

Prior to the actual simulation run, a python script tool will be executed in order to
prepare the data in a format suitable for the actual FloodArea processing core.
The temporary grids created during that step will be deleted after thee simulation
run.
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Calculate flooded areas (inundation zones) / Post-Processing

-
Preparing FlocdArea calculation... -

Preparing FloodArea calculation... . .
Generating auxiliary data...... . .i

After successful completion of the python script-tool the FloodArea simulation
run will start automatically. During the simulation run the user will see a window
displaying information about the modeling progress.

Simulated Time: 01:04:19
Calculation time: 00:03:43

Murnber written Gridz: 1 42

Cutput name LT emptfloodareatpys,_
B3k
I Cloze window and quit the zimulation I

Post-Processing

After finishing the simulation run the created intermediate grids will be loaded to
the active data frame.

Display simulation info / Continue simulation

With this dialog you can display information about previous model runs or con-
tinue a previous simulation run. The information is stored in the metadata of each
model result grid.
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Calculate flooded areas (inundation zones) / Display simulation info / Continue simulation

S TR

Input

Mode of calculation
Elevation model

Units

Drainage network

Units

Flow barrier

Dam failure

Roughness

Elevation of drainage network
Switch Constant elevation
given elevation

Above terrain elevation
Modification file

Units of Medification
Continued from

Metadata

wiater level

Qutput
Temp-di ¥

IT:\FA_DEMORPOJECT\gelaende

m

Name of output grid

Mheolut

\T\fa_examples"gewaesser

im

Saving intervall
C time

IT:\FA_DEMORPQJECT \damm

Max. volume

T:\FA_DEMORPOJECT \durchbruch

IT:\FA_DEMORPOJECT\manning

Mo

e

i

Yes

Mumber of legend classes
Colour palette
classified legend

Raster status

Date of creation
Number of grid
Simulation time for this grid

Selection

IT-\tmp*floodarea',
testc_006

No

00:30:00

03:00:00

1

0
Blue Bright
No

2011-07-26 15:37:35
[
03:00:00

ALuthor geomer

Comment Demo of FloodArea

[ | [ Continue calculation

The information is shown either for a grid layer present in the active view or fora
grid stored on disk.

In the input section the specifications made for producing the grids will be
displayed. In the output section specifications made in the additional setting (see
above) are shown.

A true means that a specific option was set, some options like Units of
Modification cannot be chosen by the user but are displayed for better
understanding.

In case of a continued simulation the specified simulation duration (see additional
settings) is added to the already passed simulation time for that particular grid.

If a calculation is continued the program itself is searching for the correct time
step in the hydrograph files.

The simulation parameters can be changed to continue a simulation with different
settings.
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Calculate flooded areas (inundation zones) / Create / display animation

Cptional properties

Flow barrier:

damm -

Dam failure:
durchbruch -

=
F

manning -

Modification:

grid to continue calculation with:
testc_DD6 -

The continue grid has:
Relztive elevation
(71 Use absolute elevation

Display simulation info l l load settings ]

<=

The button load settings will read the specifications previously made for creating
the grid to be used here as input for continuing the calculation process.

Create / display animation

Using this option a better visualization of model simulations can be achieved than
using ArcMap. A series of JPG images and an additional animation in AVI format
can be produced with FloodArea.

P —

geomer

GEOINTELLIGENCE AND BEYOND

Version 10.0 — July 2011 25



Calculate flooded areas (inundation zones) / Create / display animation

|

Lyailable layers Selected layers
testc_({1 i
Al T~ testc_002 7
testc_ 003
testc_004
Select all
L testc_005
c1 / — testc_00&
B =
Remawe all
c2
JPEG options
| Show | Hide-stmulation fime F
Resolution (dpi): 56 ]I[
D ]
Quality (0 to 100): 80 | e e [
Frames per second: 1 | Create animation :[I[
\_ H
Output name/directory:
E ||=—F:tmp*floodareaZ" Animation [ Cancel ]

Raster layers to be included in an animation are managed in two lists (A1 and A2).
Here, layers can be moved (buttons B), added or deleted from the lists (buttons
C).

In the right list it is possible to modify the order in which the images will be
created. Modify the list with the up and down buttons or reverse the

list with . Multiple selections are possible in both lists by pressing the Alt-
and/or Ctrl-Key.

The lists (A1 and A2) will only contain FloodArea layers. Other layers in the data
frame will be displayed according to their visibility status automatically. Thus, if
you want a particular map background, switch on or off the layers you need.

The list of FloodArea-Layers appears in reversed order when compared to ArcMap
layer ordering. The reason is, that for creating the animation the last entry in the
list have to be exported as the last image.

Specify JPG quality and resolution, and AVI speed (frames per second) in fields D.

In field E the output name and directory for the images and movies can be
defined.

P

geomer

GEOINTELLIGENCE AND BEYOND

Version 10.0 — July 2011 26



Calculate flooded areas (inundation zones) / Create / display animation

With button F, the option to include the simulation time of each individual raster
layer in the image or movie is given. The time will be read from the metadata
associated with each grid. If a movie is to be produced, this option will generate
the effect of a clock.

I Show / Hide simulation time ]

| Create JPEG pictures ‘

| Create animation ‘

Simulation time: 00:00:00

Pressing button G will start the creation of JPG images without producing an avi-
movie.

Pressing button H must be clicked for starting the creation of an animated movie.
It can only be activated if the jpg images already exist. Various compression
options (codecs) can be chosen in the following dialog.

Compressor:
|Cinepak Codec by Radius v |
Cz:mpressic:n Guality: 1{I'[I'|:| P
[C] Key Frame Every D frames

Data Rate E' KE/2ec

Use your favorite video player software for showing the animated simulation.
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Unify legend

Calculate flooded areas (inundation zones) / Unify legend

Use this option to assign an identical symbology legend to selected grids. This is
especially useful when results of different simulation runs are to be compared or

displayed.

rainstormn
manning
durchbruch
A amm
rough
fail_loc
leves
gewassser
dem

Flease select gnds on the left side
whose legend should be unified

Choose the theme whose legend will be
used for the selected grids E

testc_006

adopt transparency

OK || closewindow |

First, in the left list (A) select the FloodArea layers (or other raster layers) which
should have the same legend, then select in the right dropdown box (B) the raster
layer with the desired symbology to be used as a template for all others.

Summarize grid values

All values of the active grid theme are being summarized using this function.
Given the case that for instance the flooding depth is given and horizontal and
vertical units are identical, the present total volume of water will be shown. Thus,
reliable volume balancing can be realized.

Version 10.0 — July 2011
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Calculate flooded areas (inundation zones) / Create shape of flow direction

-
& Sum of all cells in a grid ‘ u

input raster testc_ (005 -

sum: 226549 805

Create shape of flow direction

By using this menu option it is possible to generate a shape showing the direction
of flow. To create such a shape you have to select two grids, one representing
flow direction, and one representing discharge or velocity. These grids can be
produced during the model run by checking this option in the additional settings.
The grids can be loaded from disk if they are not already loaded in the current
data frame.

Flow direction:

Flow velocity:

QOutput directony T mp*floodarea .

Mame of output Shape: flovw Dir

Calculste | | Cancel

If the arrows showing the direction are displayed too large or small, this may be
caused by the missing or wrong unit input within the data frame properties.
Please refer to your ArcMap manual. The arrows are set to scale 1:1000 to
correspond to the demo data.
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Calculate flooded areas (inundation zones) / Create shape of flow direction

IrData Frame Properties | (3
_— -
| Feature Cache | Annotation Groups | Extent indicators | Frame | Size and Posiion
Genersl | Datafame | Coordinate System | llumination | Grids
Name: Layers
Description:
Credits;
Units
Map: [Mete.rs v]
Display: [Lk.'kmm Units v]

Tip:  See Customize = ArcMap Options = Data View tab for
additional options for displaying coordinates in the status

bar
Reference Scale: 1:1'000 -
Rotation: a
Label Engine: ESRI Standard Label Engine -

Simulate layer transparency in legends

Table Of Contents xx

EEELE

E & Layers FloodA » X

- S
+ <l

T1<x<z

T2<x<3
T3<x<4

T

For presenting the flow direction 16 directions can be shown, according to the
internal relation of raster cells in FloodArea. This will produce a uniform flow
direction picture. It must be considered that flow directions are snapshots of a
dynamic process. Particularly in terrain with rapidly changing flow direction it is
best to output several situations.

P —

geomer

GEOINTELLIGENCE AND BEYOND

Version 10.0 — July 2011 30



Calculate flooded areas (inundation zones) / Choose language

Choose language

FloodArea offers the possibility to choose the language used for the dialogs, the
help texts and the messages displayed during the model run. Currently available
are German, English, Spanish, and Hungarian the default is German. Use OK to
switch to the chosen language. You do not have to restart the program or reload
the extension.

S Sprache E

Flease zelect the prefered language.
Bitte wahlen Sie die gewlnschte Sprache aus.
Far favor, seleccione la lengue preferida.

Walazzza ki a kivant nyelvet.

22 () English
= @ Deutsch
(71 Espafial

) Magyar

0K, ] [ Abbrechen

Info

Use the Info button to display the version number, license number and service
addresses.
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Calculate flooded areas (inundation zones) / Info

ﬂ nfo
Flood#rea, “erzsion 10.0.0.153 [c] 2011
Tool for computing flooded areas
geomer GmbH / RZE GBR
ﬁ RUIZ RODRIGUEZ
i ZEISLER “BLANK
geo e r Iagenisergamainschall fbf
I I I Waichinham ) Wasserwitichal
'm Breitspiel 11 b Haselstralke 9
D-e9126 Heidelberg D-85191 Wiesbaden - Bierstadt
Telefon: +49 (0] 6221 f 59455-0 Telefon: +49 (0) 611 /18 99 373
Telefax: +49 (0) 6221 /89455-79 Telefax: +49 (01611 f 15 99 374
E-Mail:  floodarea@geomer.de E-mail: info@rzb-gbr.de
Internet: wawaw. gearmer.de Internet: wawsw.rzb-shr.de
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FloodArea Toolbox / Background

FloodArea Toolbox

Background

Some users of FloodArea requested an option to integrate the FloodArea
functionality in a batch process. For computing sequences like different
recurrence intervals or different dike failures it is helpful to set up a sequence of
simulations and start those in batch mode without having to use the interactive
user interface.

Installation

The toolbox installation takes place while installing the FloodArea extension. The
toolbox will be installed in the same folder (see page 3). Use the regular ArcGIS
Desktop method for loading the Toolbox.

¥ Jricodves

o Convert Lis to Koo Files

------ & StartFloodAreaPython
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FloodArea Toolbox / Starting FloodArea

Starting FloodArea

All possibilities available for script tools can be used to start a FloodArea
simulation run. In the tool dialog all parameters as described for the regular
interactive user dialog can be specified. Use the tool help for reference.

| Temp StartFloodAreaPython I
t:\tmp E]
CalculationOption Script Tool version of the geomer FloodArea model.
] - It is used as add on to the FloodArea extention to
ElevationModel integrate the FloodArea functionality in batch
C:\Users\Raik\AppData‘Roaming\geomerGmbH\FloodArealexamples\gelaende @ processes and models.
DrainageMetwork [ Rainfall
C:\Users\Raik\AppData'Roaming\geomerGmbH'\Flood Arealexamples\gewaesser @

RelativeDrainage Elevation

Blevation of input drainage network
ConstantDrainagePlus (optional

HydrographFile (optional)

CoordinateFile {optional)

Roughness {optional)

FlowBarrier {optional)

DamFailure (optional)

ContinueCalculationFrom (optional)

ContinueTime

[¥/] Continuelnundation AsWaterDepth

DurationOfSimulation

SavingIntervall

OutputSwitch | ]
3 -
MapUnits

Heightlnits

MaximumExchange

Qutput (optional)

Pr—ra @

License Code
DEMOVERSION

[¥] Bxecute

ok || cancel | [Envionments... | [ <<Hiderielp | [ ToolHel

Command line

The usual rules for script tools apply.

Notice

The batch version of FloodArea does not support all the different internal checks
of the normal desktop version so the user needs to make sure that the input data
are in the appropriate format. These comprise:
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Metadata management / Notice

e Allinput grids of one simulation should have the same extent and
resolution

e Grid names should be conform to the Spatial Analyst requirement (no
special characters, not more than 100 characters in path/file name, not
more than 12 characters in file name)

e Hydrograph files must have the extension “.txt”

e Hydrograph files and coordinate files must have the appropriate structure

o n

and use the “.” as a decimal delimiter

Metadata management

FloodArea makes use of the metadata concept of ArcGlIS for storing information
about utilized input data and produced model results. The XML definitions of the
ISO standard have been extended with specific FloodArea elements.

Additional Metadata can be added without losing the FloodArea elements.
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Calculation Method / Notice

Calculation Method

The calculation of inundation areas is based upon a hydrodynamic approach. All
eight neighbors of a raster cell are considered. The discharge volume to the
neighboring cells is calculated using the Manning-Strickler formula.

V =K, - rhzyl3 A1Y2, with I, being the hydraulic radius and | the gradient.

For looking up appropriate values of K, (roughness) reference tables can be

used, which renders the use of this formula more practicable compared to others.
The quality of simulation results depends very much on using appropriate
roughness values since flow velocity is linearly related to roughness.

The flow depth during an iteration interval is taken from the difference between
water level and maximum terrain elevation along the flow path.

flow _ depth = water _level | — max (elevation ,, elevation, )

The inclination and the direction of the water table is re-calculated in every
iteration step and the steepest slope used as the inclination in the Manning-
Strickler formula.

(62)2 (62)2
slope= .| — | +| —
OX oy

aspect = 270 — @ -atan 2{2 , @}

2r oy oX

In cases of linear elements with a width of just one raster cell, this method will
fail, because the steepest slope may be perpendicular to the actual direction of
flow. This is the case when the inclination of the river bed (e.g. in a small ditch) is
lower than the surrounding topography. To avoid such errors, slope calculations
are internally tested for their plausibility by comparing the elevation of the central
raster cell to the elevation cell of the slope direction (aspect). If the difference is
exceeding a certain threshold, inclination is re-calculated by comparing it with the
lowest neighboring cell.
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Calculation Method / Notice

For illustration purposes examine the simplified elevation model shown below,
depicting a ditch, which has an inclination lower than the surrounding terrain.

79.0

79.0

79.0

79.0

79.0

79.0
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Slope direction derived by standard GIS Spatial Analyst. In the line of the ditch,

slope values are wrong:
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Slope direction values in the ditch, as derived by FloodArea:
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Flow velocity as derived by the formula is multiplied by the flow cross section and
the iteration time step in order to get the exchanged water volume between cells
for the current iteration.

The Manning-Strickler formula is usually valid only for normal discharge, where
loss due to friction equals the gain in potential energy. In other cases calculated
velocities values may be too high. To control this, the velocity values are checked

for the threshold criteri

on:

threshold criterion V =,/g-h

Version 10.0 — July 2011
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Calculation Method / Notice

Together with the volume also the velocity vectors are passed for the next
iteration. Mean flow velocity is defined as the arithmetic mean of the current
velocity calculation and the vector addition. By this, sudden changes in flow
behavior will be minimized and inertia effects rendered in a simplified way.

The smallest iteration time step is adjusted dynamically. An important control
criterion for this adjustment is the amount of water available. If the discharge
rates become too large compared with the available volume, the iteration time
step will be reduced. Only water level changes exceeding 1mm are considered by
that control mechanism. If the volumes exchanged between cells are very small,
the algorithm will increase the iteration time step. This permanent optimization
keeps processing time at a minimum.

calculation of
At start

[

actual At /<
v

calculation of
V

extension of
At

V max =
yes threshold

no

A

calculation of
A water level

reduction of
At
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Calculation Method / Volume Budget

Volume Budget

At the end of each iteration the computed discharge volumes are shifted between
cells, thus no volume can be lost.

To feed water to the model the three options

e drainage network or
e hydrograph
e rainstorm

are available.

Using the first option, the algorithm sets all cells of the initializing network back to
their original values after each iteration.

Using the second option the amount of water fed to the model is defined by the
hydrograph. The amount of water taken out from the model is specified by
selecting an output location.

Using the rain storm option ,pours” water over the terrain with a temporal
distribution defined by a file. Spatially the distribution is defined by a grid
representing the portion at each cell location. A value of 1 is equal to 100%.

Dam Failure

In terms of a dam failure grid not only potential physical obstacles must be
,broken”, but also appropriate flow depth values must be calculated. The
assumption made is, that the lowest elevation in the area covered by the dam
failure grid (red area) is the local elevation minimum. If water reaches that area,
the elevation at that location will be reduced to that local minimum. If, during the
simulation, an even lower elevation is detected, it will be considered as the new
local minimum and will be applied also to the already flooded cells.
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Calculation Method / Dam Failure

The figures show, in a schematic way, characteristic intermediate phases during a
dam failure simulation. From figure 2 onwards, a reduction of the elevation values
takes place, being one cell “ahead” of the water level (shown as a horizontal plane
for simplification). From figure 4 onwards, the new, even lower minimum is
applied also to the cells processed before. Figure 5 shows the final status.
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Calculation Method / Consideration of Model Edges

Consideration of Model Edges

Considering the edges of a model area may cause a problem because no infor-
mation is available for the area beyond the study area. FloodArea assumes a
continuing gradient of the water surface beyond the edge of the model. Based
upon this assumption, the water is being taken out of the model according to the
discharge volumes calculated. A piling up at the model edges is not possible. If the
model run is controlled by a hydrograph data file, the water volume taken out at
the model edges is written to a separate file named “*.out”, “*” being the name
of the hydrograph data file. The volume is specified in m3 since the last time step
in the input hydrograph. If a high temporal resolution is desired, this needs to be
accounted for in the hydrograph data file. No “*.out” file is created for the option
“water level”. Since no defined water volume is fed into the model, an output
hydrograph would be meaningless.
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Application Examples / Delineation of Flooded Areas Based Upon Flood Marks

Application Examples

Delineation of Flooded Areas Based Upon Flood Marks

Quite often historical floods are only registered at individual locations but not to
their overall extent. The levels taken from these locations can be used to run
FloodArea. The simulation model uses these points (or lines) as initializing cells to
flood the surrounding terrain. Elevation differences are interpolated appropriately
in terms of the hydraulic model.

Dam Failure Scenarios

Two possible scenarios can be modeled. The first describes a complete failure of a
dam or a section of a dam. Using the option Water level (elevation of drainage
network) it is assumed, that the dam failure will not influence the water level of
the main stream. The second possibility describes a scenario with a defined inflow
into the protected area (to one or more cells) using a hydrograph.

Controlled Outlet of Flood Control Basins

Given the case that controlled outlet of a flood control basin is necessary, a
flooding of other areas might occur. These areas can be delineated by using the
design hydrograph data for that particular location.

Limitations

FloodArea is primarily intended to calculate areas affected by a flood. Essentially
it is a simplified two-dimensional hydraulic model, integrated in a GIS. The
simplifications made mainly affect the open channel hydraulics, which can be
described only roughly with the available parameters (resolution of the elevation
model in the channel, no cross sections). Furthermore the algorithms do not
contain the impulse transfer, therefore some phenomena such as the sloping of a
water level in a river bend is not described correctly.
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Demo Version and Demo Data / Notice

Demo Version and Demo Data

Notice

The demo version is functional only when using the demo data that comes with it.

Data

The demo data comprises of:
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elevation: an elevation model (units are meters) with a horizontal resolution of
5 m, 200 rows and 200 columns, corresponding to an area of 1 km?2.

drainage: a grid representing a drainage network, values represent water levels
and are given in meters.

rail: a grid representing flow barriers with interruptions, for example bridgesin a
railway dam.

dam : an uninterrupted flow barrier.

failure: a grid representing a failure area (adapted to the dam grid).
manning: a grid representing roughness coefficients (values are in 1/n).

rain: a grid representing weight factors for the option rainstorm (areal input).

A hydrograph data file (hydrograph.txt).
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Using FloodAreaHPC / Data

Using FloodArea™*

FloodArea" € is the next generation of FloodArea running on High Performance
Computing Clusters comprising of many individual computers but acting as one
large computing array. Use FloodArea™™ for very large study areas with high
resolution DEMs (e.g. from LIDAR), and to reduce computing time tremendously.

The chapter on using FloodArea"* is available only to licensees of FloodArea"" .

Ask for an individual offer!
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Support

Support is given at the following address, according to your license agreement.

geomer GmbH
Im Breitspiel 11 B
D-69126 Heidelberg

Germany

Fon: +49 (0)6221 89458-0
Fax: +49 (0)6221 89458-79
eMail: floodarea@geomer.de

Internet:  www.geomer.de
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License Agreement

Please read the following license terms prior to installing our software. By installing the software you irrevocably accept this License
Agreement.

& 1 Subject of the Contract

1. The following terms apply to software licenses granted by geomer GmbH (hereinafter called geomer).

2. Software in the sense of this GTB license includes data processing programs with or without accompanying software protection,
data stocks or/and accompanying documentation in machine-readable and printed form, hereinafter referred to as licensed soft-
ware. Licensed software also includes all copies made of this licensed software in its supplied or modified version.

3. We expressly point out that it is not possible with today's technology to rule out any errors in data processing programs under all
application conditions.

§ 2 Scope of the License, Rights of Use

1. The licensed software is protected by copyright; protection by other legal provisions remains unaffected.

2. In accordance with the type of license purchased, geomer grants the licensee a non-transferable and non-exclusive right to
simultaneous use of the licensed software in line with the number and functions agreed. The type of license defines the rights of
use. There is a demo license (restricted use exclusively for test purposes) and a commercial license (unrestricted rights of use). If
breach of the license terms is proven, twofold license fees are payable for wrongful use of the software licenses.

3. Theright of use accrues on delivery of the licensed software. The licensee is entitled to use the licensed software for an unlimited
period of time.

4. Asperthis GTB license, use includes copying the machine-readable licensed software permanently or temporarily, completely orin
part, by loading, displaying, playing, transferring or saving it in order to process the instructions and data contained in it on
appropriate hardware or to monitor, examine or test the program functions it includes.

5. Thelicensee is entitled to make a backup copy of the machine-readable licensed software, provided there is a need to do so. If the
hardware on which the software has been installed is not operational, temporary use on different hardware is permitted.

6. Theright of use does not include the right beyond the scope defined in §2. Clause 5 to copy the licensed software completely or in
part, transfer or pass it on to third parties, disseminate it in any other way or grant licenses or sub-licenses to it. Third parties within
the meaning of this Agreement are persons not employed by the licensee.

§ 3 Rights of Ownership and Secrecy

1. Therights to the licensed software, including the licensed software modified or copied by the licensee, remain with the holder of
the right mentioned in the licensed software.

2. The copyright notes made by the holder of the right and contained in the delivered version of the machine-readable licensed
software and its data carriers should be attached by the licensee to all copies of the machine-readable licensed software and its
data carriers.

3. The licensor/copyright owner must be mentioned in all reports and publications concerning the application of the licensed
software.

4. The licensee shall not make available the licensed software, including the copies made of it, to third parties for an unrestricted
length of time, unless they are using the licensed software at the licensee's premises. The licensee undertakes to make his/her
employees who are granted access to the licensed software aware of these terms and to put them under the same obligation as
he/she is personally subject to.

5. Thelicensee shall delete any licensed software contained on any agreed hardware or other hardware or data carriers prior to giving
it away or disposing of it.

§ 4 Performance

1. geomer fulfills its obligations to deliver the goods by handing over the data carriers with the machine-readable licensed software
and, if available, the printed licensed software.

2. Ondispatch, the risk passes to the licensee when the goods are transferred to the first carrier.

& 5 Warranty

1. When delivering the licensed software to the licensee it is warranted that the programs have been thoroughly checked prior to
delivery and are in line with the valid program specifications delivered to the licensee. However, geomer makes no warranty that
the licensed software is without flaws for any specific instance of application. The responsibility for selecting and using the licensed
software for any specific instance of application and the results achieved by it lies solely with the licensee.

2. The warranty does not cover defects caused by improper use of the licensed software.
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§ 6 Liability
1. geomer is not liable for damage caused by slight negligence. They are, however, liable for immediate damage caused by slightly
negligent breach of significant contractual duties.

3. geomer is not liable for down times, damage and consequential damage caused by program errors, improper use of the licensed
software or misinterpretation of the calculated results, regardless of the grounds to which they can be attributed.

4. The licensee is obliged to indemnify geomer against liability for all claims by third parties arising from the use of the licensed
software.

5. Otherwise, the damages to be paid by geomer are limited to the agreed license fee and their applicability lapses after 6 months.

§ 7 Industrial Property Rights and Copyrights of Third Parties

1. geomer indemnifies the licensee against all claims by third parties made against him in the Federal Republic of Germany due to
infringement of property rights by use of the licensed software in line with the contract, as long as the licensee has immediately
notified geomer of such claims in writing and all protective measures and settlement negotiations are left to geomer. If such claims
have been exercised or are anticipated, geomer can modify or replace the licensed material at the licensee's expense.

2. The provision as per § 7 Clause 1 does not apply, if claims of a third party can be attributed to the licensee modifying the licensed
software.

§ 8 Miscellaneous
1. The place of jurisdiction for all disputes occurring due to and in the context of this Agreement is Heidelberg.

2. Should a provision of these General Terms of Business be or become null and void or anything be lacking, the validity of the
remainder of the provisions remains unaffected. The parties to the Agreement agree to replace the invalid provision or make good
the lack by means of a valid regulation which meets the economically desired purpose of the invalid provision as ideally as possible.

Heidelberg, July 2011
geomer GmbH
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