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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 asso-
ciated risks in many cases is low, if not inexistent, particularly in such areas con-
sidered 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 delinea-
tion process is achieved by the calculation of water levels at any given point at dif-
ferent times during a flood event. Such information delivers very important basic 
data for the determination of the risk potential. In addition the possibility to simu-
late 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 ArcGIS 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 In-
genieurgemeinschaft Ruiz Rodriguez + Zeisler +Blank, Wiesbaden, Germany. 
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What FloodArea Can Do For You? 

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

 a drainage 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 

 one or more hydrographs at user definable coordinates, or by 

 a rainstorm 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 rough-
ness values. 
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Installing and Loading FloodArea  

System Requirements 
Minimum requirements are ArcGIS ArcView 9 or higher and the Spatial Analyst ex-
tension, a Pentium-processor with Windows NT 4.0, 2000 or XP and 512 MB RAM. 
Recommended are 2 GB RAM and 5 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 pro-
gram. If the autorun option is switched off, you can start the installation by run-
ning floodarea_setup.exe. 

For de-installing FloodArea please use the function provided by the operating sys-
tem. 

Demo data and ArcMap project 
The installation procedure will copy an ArcMap document (mxd-file) with associ-
ated data and also this manual to the selected installation directory path. Please 
read additional explanations in chapter Demo project on page 36. 
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Activating the FloodArea toolbar 
After installing FloodArea a new toolbar can be activated in the cutomize dialog 
by clicking Tools, Customize and checking the FloodArea option. 
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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. 

 

 

If a valid license code is not entered FloodArea Ŏŀƴ ǎǘƛƭƭ ōŜ ǳǎŜŘ ǿƛǘƘ ƛǘΩǎ Ŧǳƭƭ Ŧǳƴc-
tionality. 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 
ǿƻƴΩǘ ǎƘƻǿ ǳǇ ŀƎŀƛƴ ŀǳǘomaticly. 

The dialog for entering a valid license code can also be activated by using the 
menu FloodArea, Info, Licence Number. 
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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. The most important entry 
Calculate flooded area is accessible also by the FloodArea button . 

 

 

 

Available memory 
Use this option to check if 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 vir-
tual 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.  

new FloodArea-

button 

new  toolbar 
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After confirming by clicking the Calculate button, a message box appears showing 
memory requirements and the information whether it is sufficient to run your 
model. Choose Cancel to abort this estimation.  

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 

This is the core option of FloodArea. Use this menu for hydrodynamic modeling of 
flood areas for given water levels.  

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

a digital elevation model and 

a rasterized drainage network 

or 

point(s) with attached hydrograph(s) 

or 

a rainstorm distribution raster with 
attached hydrograph 

It is 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. How-
ever, map units can be set also later on in the main dialog of FloodArea (Calcula-
tion of flooded areas). 
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Before starting the calculation the analysis envrionment of Spatial Analyst should 
be defined. It is recommended to use the extent and cell size properties of the 
elevation model upon which the model run is based. To accomplish this, call the 
options dialog of Spatial Analyst as shown below. 

 

For the working directory it is strongly recommended to use a DOS-conform path 
name (especially no blanks). 
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Also it is suggested that all input grids should have the same extent and cell size. 

 

The simulation will be performed for the extent defined here. If not set or not 
properly set, an empty grid may result from a simulation run. 
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Running a simulation 
This option is available also through the FloodArea button . 

Start the simulation definition by activating the main dialog. 

Der 
The user has the choice between  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 flood-
ing is initialized by the entire drainage network, meaning from all grid cells other 
than NoData). Water levels can vary spatially but remain temporally constant dur-
ing the simulation process. 

Using the option Hydrograph (input by single cell) water  enters the model at de-
fined locations. This option makes a temporal variation (hydrograph) of water lev-
els 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 of this model are defined by a Grid.  

Press Cancel to abort the model run.  
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Water level (elevation of drainage network) 
Using this model option requires at least the specification of the following layers: 

 a digital elevation model, which represents the surface upon which the 
flow process takes place, including its elevation units 

 a rasterized 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. 

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 calcula-
tion is based on a constant flood level (e.g. 1.5 meter above surface). 

 

The Water level (flood level elevations) is represented by the values of the input 
drainage network Grid (box C is checked) or by a constant value (hight level). In 
the second case all drainage network grid cells have a constant value. The values 
of the cells are ignored. In order to apply this method checkbox C must be deacti-
vated and checkbox D must be activated. 

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

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 
ground (checkbox A), or absolute values, e.g. above sea level(checkbox B).  

If checkbox F is activated, also the hydrographs from the main option Hydrograph 
are used. Only the first hydrograph is used for the modification option. The first 
input coordinate is ignored. 

A 

C 

D 

E 

 

B 

F 
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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 er-
roneous 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 optional. 

 

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

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-
ŎƻƴƴŜŎǘŜŘΦ DǊƛŘǎ ƎŜƴŜǊŀǘŜŘ ōȅ !ǊŎ±ƛŜǿǎΩ ǊŀǎǘŜǊƛȊƛƴƎ ƻŦ ƭƛƴŜ ǎƘŀǇŜ ŦƛƭŜǎ ƳŜŜǘ ǘƘƛǎ 
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 su-
perior 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 prior-
ity. You can use this option for the simulation of dam failures.  



Calculate flooded areas 

          

Version 9.6-Oktober 2008            14  

Roughness: A Grid representing roughness values according to Manning. The val-
ues have to be given as ks or 1/n, in units of m1/3/s. 

Display simulation info: With this option you can display the simulation options 
used for a former simulation. For further details see explanation to main menue 
entrance Display simulation info (page 21). 

Load settings: The settings from a former simulation are loaded. 

To specify water level in more detail several options are available.  

Only after successfully testing the plausibility of the input the continue button will 
be activated and clickable. 

 

After clicking the continue button, the dialog box Additional Settings will open, 
which will be explained on page 18. 

Hydrograph (input by single locations) 
Using this option implies that input for a drainage network with associated water 
level data is 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. 
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The hydrograph data file is simply an ASCII text file, that can be created with any 
ǘŜȄǘ ŜŘƛǘƻǊΦ Lǘ Ƴǳǎǘ ƘŀǾŜ ǘƘŜ ŜȄǘŜƴǎƛƻƴ άΦǘȄǘέ ŀƴŘ Ƴǳǎǘ ōŜ ƻǊƎŀƴƛzed according to 
the figure below. 

 

0.00 20.1 12.4 
0.05 22.8 11.3 
0.17 25.2 11.2 
0.33 24.3 11.7 
0.50 25.3 13.2 
0.67 26.2 13.8 
0.83 23.9 14.1 
1.00 24.8 14.7 

 

 

 

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 sign must be a 
dot, columns may be delimited by either a space, a tab stop, a comma, a semi-
colon 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 in-
terpreted 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 currently 
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 hy-
drographs are assigned to the input coordinates of the digitizing tool in the same 
order as the columns of the input file. Note that the numbering of the coordinates 
starts with 0. If either the column or the input coordinate is missing, the corre-
sponding input will be neglected. 

To separate the 
columns the 
following tags 
are admitted: 
blank, tab, 
comma, semico-
lon or colon 

1. Column: Time 
in hours 

2. and further 
Column: 
Discharge in 
m³/sec 

Decimal separa-
tor: dot 
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¢ƘŜ ƛƴǇǳǘ ŎƻƻǊŘƛƴŀǘŜ ŀǘ ǿƘƛŎƘ ǿŀǘŜǊ ƛǎ άŦŜŘέ ǘƻ ǘƘŜ ƳƻŘŜƭ ŀǊŜ ǎǇŜŎƛŦƛŜŘ ŜƛǘƘŜǊ ōȅ 
entering the easting and northing values directly in the respective fields or by us-
ing the digitizing tool. This tool is activated as soon as the user is typing in one of 
ǘƘŜ ŦƛŜƭŘǎΦ ¢ƘŜ ŎǳǊǎƻǊ ǎȅƳōƻƭ ǿƛƭƭ ŎƘŀƴƎŜ ǘƻ ŀ ŎǊƻǎǎ ŀƴŘ ǘƘŜ ƳŜǎǎŀƎŜ ά5ƛƎƛǘƛȊƛƴƎ 
ŀŎǘƛǾŜέ ǿƛƭƭ ŀǇǇŜŀǊ ƛƴ ǊŜŘ ŎƻƭƻǊΦ  

A maximum of 150 coordinates can be digitized using the option add new. Each 
coordinate must have one column in the hydrograph file. The correct center of 
the raster cell will be in proper alignment with the elevation model. The digitizing 
mode will be disabled as soon as a different tool will be activated by the user.  

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. The third column of this file indicates the amount of water which left 
the model at the output location, also in units of m³. Please be aware that already 
existing files with the same filename will be overwritten. 

Please notice: the model stops either when the time specified in the dialog Addi-
tional settings (page 18) has run out, or when the last record of the hydrograph 
data file has been processed, whatever comes first. 
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Rainstorm (input by area) 
This option is almost identical to the one described above, the most important dif-
ference 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.  

 

Different from the option Hydrograph, instead of coordinates for input/output lo-
cations, a grid theme representing the area for the hydrograph data must be cho-
sen. Grid cells conǘŀƛƴƛƴƎ ǘƘŜ ǾŀƭǳŜ άȊŜǊƻέ ƻǊ άbh5!¢!έ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ 
άŘǊȅέ ŎŜƭƭǎΣ ƛΦŜΦ ŎŜƭƭǎ ǿƛǘƘƻǳǘ ǿŀǘŜǊ ƛƴǇǳǘΦ !ƭƭ ƻǘƘŜǊ ǾŀƭǳŜǎ ƎƛǾŜƴ ǿƛƭƭ 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. 
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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 com-
pared 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: 

An input of 1 m³/sec 

at a cell size of: is the same than an intensity of: 

 5 m * 5 m 144 000 mm/h 
 10 m * 10 m 36 000 mm/h 
 20 m * 20 m 9 000 mm/h 
 25 m * 25 m 5 760 mm/h 
 30 m * 30 m 4 000 mm/h 
 40 m * 40 m 2 250 mm/h 
 50 m * 50 m 1 440 mm/h 
 100 m * 100 m 360 mm/h 
 

If you want to use this function like the first you have also to divide the calculated 
intensity by the sum of the cell values of the weight grid. You also can make this 
correction by manipulation the weight grid, for example if you use 10 cells for in-
put, apply to all of them a value of 0.1. 

This conversation will be done automaticly if Input hydrograph in m³/sec is 
switched on. In this case the amount of water discribed 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 remaines un-
changed. 

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

 

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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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 floodarea1, the second floodarea2 etc.. Please be aware 
that already existing grids with identical names will be overwritten.  

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 ele-
vation 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 total number of grids resulting from the settings are displayed and also the 
time steps in hh:mm:ss format. 

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. 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 
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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. 

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, a 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 dike failures) usually values around 1% produce the best 
results, in steep areas values up to 15% may still produce good results. 

Status window 
When the calculation is started, the actual status is displayed within the following 
window. 

 

The simulation time is the time, the water would need in reality, the calculation 
time is the time needed by the computer. 

The Calculation priority is the priority of the calculation process, you may change 
it at any time if needed. 

Cancel will stop the calculation. 
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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 speci-
fied by the user. There is the possibility to give an author name in field Author 
(field H) and a comment (field I). 

The automaticly generated metadata will be explained in detail later in this man-
ual (see page 28). 

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 clas-
sified or continuous smooth legend in option J, and select a color ramp in J. If a 
classified legend is chosen, the number of classes can be given in field K. 

Display simulation info / Continue simulation 
With this dialog you can display information about previous model runs or con-
tinue a previous simulation run. The latter option is only available, if model input 
was done using a drainage network grid. 

 

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

In the input section the specifications made for producing the grids will be dis-
played. In the output section specifications made in the additional setting (see 
above) are shown. 
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A true means that a specific option was set, some options like Units of Modifica-
tion can not be choosen 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. 

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. 

 

Raster layers to be included in an animation are managed in two lists (A). Here, 
layers can be moved (buttons B), added or deleted (buttons C). The list will only 
contain FloodArea layers. Other layers in the data frame will be displayed accord-
ing to their visibility status automatically. Thus, if you want a particular back-
ground, switch on or off the layers you need. 
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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 de-
fined. 

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 taken from the metadata asso-
ciated with each grid. If a movie is produced, this option will generate the effect 
of a clock.  

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 op-
tions can be chosen in the following dialog (in german only).  

 

Existing animations can be started by clicking on button I. 
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Unify legend 
Use this option to assign an identical symbology legend to selected grids. 

 

First, in the left list select the FloodArea layers which should have the same leg-
end, then select in the right selection box the raster layer with the desired sym-
bology to be used as a template for all others. 
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Summarise grid values 
All values of the active grid theme are being summed up 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 is put out. Thus, reliable vol-
ume balancing can be realized. 

 

Create shape of flow direction  
By using this menu option one can 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 pro-
duced 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. 

 

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 Layer properties. Please re-
fer to your ArcMap manual. The arrows are set to scale 1:1000 to fit to the demo 
data. 


