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1. Introduction 
The CNES Large Scale SWOT Hydrology Simulator creates proxy SWOT water surface elevations 

(WSE). A large portion of the effort required to run the CNES simulator is upfront in creating the 

simulator input. This tutorial describes the steps to create the simulator input and then run the 

CNES simulator. Since many applications will utilize a time series of proxy SWOT WSE, a short 

description of that process is included in the Appendix for advanced users. 

2. Download and Set-up the CNES Simulator 

2.1 Linux / Mac 
The CNES simulator can be downloaded from Github at https://github.com/CNES/swot-

hydrology-toolbox. The README.md file, replicated below, describes the cloning process using 

the “git clone” command, setting environment variables, and creating the conda 

(https://www.anaconda.com/products/individual) environment. 

 

https://github.com/CNES/swot-hydrology-toolbox
https://github.com/CNES/swot-hydrology-toolbox
https://www.anaconda.com/products/individual


 

2.2 Windows / PC 
Although Windows/PC users can use Git Desktop (https://desktop.github.com/) to download 

the simulator, the steps below demonstrate an approach that may be used by those users 

unfamiliar with git. 

1. Download the zipped folder (.zip) of CNES swot-hydrology-toolbox in the directory of 

your choice from https://github.com/CNES/swot-hydrology-toolbox. Right-click on the 

file in Windows Explorer to unzip/extract. 

2. With anaconda installed (https://www.anaconda.com/products/individual), open 

Anaconda Prompt (Go to Windows Search bar (lower left of desktop, type “Anaconda 

Prompt”).  

Note: Anaconda Prompt basic commands are cd (change directory) and dir (list 

contents). 

https://desktop.github.com/
https://github.com/CNES/swot-hydrology-toolbox
https://www.anaconda.com/products/individual


3. Set environment variables for the simulator. Additional background information and 

documentation can be found at: https://docs.conda.io/projects/conda/en/latest/user-

guide/tasks/manage-environments.html#saving-environment-variables 

a. Define the environment variables. In Windows Explorer, go to 

C:\path\to\conda\anaconda3\envs\swot-env\etc\conda. There should be an 

activate.d and deactivate.d directory. If unsure of your \path\to\conda, type 

“%CONDA_PREFIX%” in Anaconda Prompt to list \path\to\conda. 

b. Create env_vars.bat in the activate.d folder to add “set 

SWOT_HYDROLOGY_TOOLBOX=\your_installation_path\swot-hydrology-

toolbox\” and “set RIVEROBS=\your_installation_path\RiverObs\” as separate 

lines. The easiest way to create this file is in Windows Explorer. Open a simple 

text file, add the set commands, and then save. Then copy and change extension 

from .txt to .bat. 

 

c. Now, create env_vars.bat in the deactivate.d folder to add “set 

SWOT_HYDROLOGY_TOOLBOX=’’” and “set RIVEROBS=’’” as separate lines. 

Follow the same steps as in (c) above. 

4. Create swot-env conda environment. 

a. Create the environment from the provided .yml file. 

>>cd %SWOT_HYDROLOGY_TOOLBOX% 

>>conda env create –f environment.yml 

b. Activate the swot-env environment. To activate, type:  

>>conda activate swot-env 

Note: To deactivate later after running the simulator, if needed, you simply need 

to type: >>conda deactivate 

5. Finally, we need to make sure python can find all of the modules needed for the 

simulator. With the swot-env environment activated, on the command line type the 

following commands: 

>>conda develop %SWOT_HYDROLOGY_TOOLBOX%\processing\src 

>>conda develop %RIVEROBS%\src  

https://docs.conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html#saving-environment-variables
https://docs.conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html#saving-environment-variables


3. Create the input polygon shapefile(s) 
Once the CNES Simulator is set up, you need to create the required polygon shapefile input, 

one shapefile per observation time. The CNES simulator uses the polygon extent to calculate 

river width, whereas a height (HEIGHT) attribute specifies the initial WSE and a river flag 

(RIV_FLAG) designates polygons as river segments. There are many ways to create a polygon 

shapefile, and the ideal process will vary depending on your application. However, four 

methods are demonstrated below based on different starting points. Although the steps are 

based on ArcGIS, QGIS or even Python (for experienced users) can be used instead. 

A. You already have a polygon shapefile 
If you already have a polygon shapefile of your river network similar to what is shown below, 

you simply need to add surface height (HEIGHT) and river flag (RIV_FLAG) attributes for each 

river segment. Depending on which version of the simulator you are using, you may need to 

add an identification field (id) as well. 

 

In ArcGIS: 

1. Right-click on your reach polygon, then click “Open Attribute Table”. 



 

2. Click the “Table Options” dropdown and select “Add Field”. 

 

3. Name the field “RIV_FLAG” and specify the type as a short integer. Click “OK”. 



 

4. Right-click on the RIV_FLAG header and select “Field Calculator”. 

 

5. If you receive this message, click “Yes”. 

 

6. Set RIV_FLAG to “1” for all river segments. RIV_FLAG should be set to 1 for river 

segments, but 0 for an lakes or reservoirs along the network.  Then click “OK”.  



 

7. Now add the HEIGHT attribute. Click the “Table Options” dropdown and select “Add 

Field”. 



 

8. Name the field “HEIGHT” and specify the type as “Double”. Click “OK”. 

 

9. Populate the HEIGHT field. Height values can be manually assigned from observations 

(in situ or satellite) or a best estimate using the Field Calculator. For complex height 

assignments, such as those defined by model output, you can use a simple Python script 

using the Pyshp module (https://pypi.org/project/pyshp/) to define the HEIGHT field 

programmatically. If you are an advanced user and wish to process a time series using 

the CNES simulator, refer to the Appendix. The final attribute table for the input 

shapefile is shown below (Note that only the HEIGHT and RIV_FLAG fields are required). 

https://pypi.org/project/pyshp/


 

In some cases, the entire river network of interest may be described by a single polygon. 

Since only one height value can be assigned per polygon, you will need to split the 

polygon into smaller pieces using the ArcGIS or QGIS editing and cutting tools 

(https://desktop.arcgis.com/en/arcmap/latest/extensions/3d-analyst/using-the-cut-

polygons-tool.htm) if you wish to assign different height values to different areas of 

your river network. Once you have created the polygon shapefile with required 

attributes, move to Section 4 to run the CNES simulator. 

10. Now add the “id” attribute. Click the “Table Options” dropdown and select “Add Field”. 

Name the field “id” and specify the type as “Short Integer”. Click “OK”. 

 

In the attribute table, right-click on the “id” header and select “Field Calculator.” Set id = 

[FID], and click “Ok”. 

https://desktop.arcgis.com/en/arcmap/latest/extensions/3d-analyst/using-the-cut-polygons-tool.htm
https://desktop.arcgis.com/en/arcmap/latest/extensions/3d-analyst/using-the-cut-polygons-tool.htm


 

11. The CNES simulator requires that the input shapefiles have a WGS84 coordinate system. 

You can verify the coordinate system by looking at the shapefile properties. To set the 

coordinate system to WGS84, use the “Project” tool. 

  



B. You have a polyline shapefile of river reaches 
If you have a polyline shapefile of river reaches, you can easily convert to a polygon shapefile 

using the ArcGIS Buffer tool. 

 

Distance can be specified using either a width field (if your polyline includes this attribute) or 

simply a constant linear value (e.g., 50 meters). Note that the distance is one-sided, meaning 

that to set a value of 50 meters results in a polygon width of 100 meters. A comparison 

between the polygon river reaches (black outline) and polyline river reaches (blue lines) is 

shown below. Once you have created the polygon shapefile, continue with the steps in Section 

3A. 



 

 

C. You have a water mask raster 
If you have a raster with a water mask, you can create a polygon shapefile using the ArcGIS 

Raster to Polygon tool. Once you create the polygon shapefile, continue with the steps in 

Section 3A. 

 



 

D. You have a Digital Elevation Map 

 

Example DEM from which a polygon shapefile of the river network can be derived. 

If you have a Digital Elevation Map (DEM) similar to the figure above, you can derive the 

polygon shapefile using the ArcGIS Spatial Analysis Hydrology Toolbox. Using your DEM raster 

(named “topography” in this example), run the following tools in ArcGIS (similar tools are 

available in QGIS): 

1. Fill. Hydrologically conditions your DEM to remove sinks. 

 



2. Flow Direction. Calculates the direction of flow based on elevation. 

 

3. Flow Accumulation. 

 

4. Raster Calculator. Extract the channel network using the command “Con(flowacc >= 

Threshold, 1)” where flowacc is your flow accumulation raster and Threshold is an 

integer (e.g., 1000). A smaller Threshold value yields a more complex channel network. 

The result is a raster where channel points are indicated by 1, with all other areas 

NoData. 



 

5. Stream to feature. Yields a polyline shapefile. 

 

6. Once these steps are completed, continue with the steps in Section 3B. 

  



4. Run the CNES simulator 
NOTE: If running in Windows/PC instead of Linux/Mac, replace any following instances of 

$SWOT_HYDROLOGY_TOOLBOX with %SWOT_HYDROLOGY_TOOLBOX%. Additionally, paths 

will need to use a back-slash (\) instead of a forward-slash (/). 

A. Test the simulator installation 
To test that everything is set up correctly, we will run the river_and_lake test case first. 

>>cd $SWOT_HYDROLOGY_TOOLBOX/test/river_and_lake 

>>python $SWOT_HYDROLOGY_TOOLBOX/select_orbit_cnes/select_orbit_cnes.py 

rdf/parameter_orbit.rdf output/orbit 

>>python $SWOT_HYDROLOGY_TOOLBOX/sisimp/proc_sisimp.py 

rdf/parameter_sisimp.rdf 

If these commands runs successfully and output is shown under the output/orbit and 

output/simu directories, the simulator has been set up correctly. See section 4.B to run a case 

with your own input. 

B. Set up the working directory for a case using your own input data 
With “SWOT_HYDROLOGY_TOOLBOX” and “RIVEROBS” set in Section 2 as environment 

variables, on the command line issue the following commands (Do not include “>>”. This merely 

indicates a new command line): 

>>cd $SWOT_HYDROLOGY_TOOLBOX/test/ 
>>mkdir testcase 
>>cd testcase 
>>mkdir data output rdf 
>>cd output 
>>mkdir orbit simu 
>>cd ../rdf 
>>cp ../../river_and_lake/rdf/*.rdf ./ 
>>cd $SWOT_HYDROLOGY_TOOLBOX/test/testcase 

 
Move/save your input polygon shapefile(s) created in Section 3 to 

$SWOT_HYDROLOGY_TOOLBOX/test/testcase/data/. 

$SWOT_HYDROLOGY_TOOLBOX/test/testcase is your working directory, where testcase can be 

interchanged with a name describing your study area (e.g., Amazon, Mississippi, Scandinavia, 

etc.) 

B. Set up your .rdf files 
Navigate to your rdf directory: 

>>cd $SWOT_HYDROLOGY_TOOLBOX/test/testcase/rdf/ 

1. Open parameter_orbit.rdf in your favorite Linux text editor (e.g., vi, gedit, nano, etc.). 

This file sets parameters describing the SWOT orbit which will be used to determine the 



observation times for your study area. Specify your mission start time (used to 

determine SWOT overpass times), your study area bounding box (determined by your 

river network extent), and simulation start and end times. You may modify the other 

parameters as needed, although the defaults will likely work for most applications. Save 

and exit. 

 

2. Open parameter_sisimp.rdf in your favorite text editor. Specify the polygon shapefile 

path as $SWOT_HYDROLOGY_TOOLBOX/test/testcase/data/ and the output directory as 

$SWOT_HYDROLOGY_TOOLBOX/test/testcase/output/simu/. 

3. Specify the orbit parameters. The easiest option is shown below, with “Multiple orbit = 

no”. The Orbit” and “Cycle number” correspond to an entry in the orbit passplan file 

($SWOT_HYDROLOGY_TOOLBOX/test/testcase/output/orbit/passplan.txt) created in 

Section 4C. If you want to process multiple shapefiles at once, see the Appendix for 

instructions. 



 

4.  Specify the height parameters. This tutorial describes the steps for using height model 

option 2. Ensure the “Height model” and “Height shp attribute name” parameters are 

not commented out and that the parameters for options 1 and 3 are commented out 

with a “!”. Make sure the height attribute field in your polygon shapefile matches the 

“Height shp attribute name” parameter. 

 

5. You may modify the other parameters in the parameter_sisimp.rdf as needed (e.g., 

error parameters), although the defaults will likely work for most applications. Save and 

exit. 

C. Create the orbit file 
Create the orbit file from your working directory with the command: 

>>cd $SWOT_HYDROLOGY_TOOLBOX/test/testcase  
>>python $SWOT_HYDROLOGY_TOOLBOX/select_orbit_cnes/select_orbit_cnes.py r 
df/parameter_orbit.rdf  output/orbit 
 



A passplan.txt file (along with several other files) will be created in your 

$SWOT_HYDROLOGY_TOOLBOX/test/testcase/output/orbit/ directory. Update your 

parameter_sisimp.rdf orbit parameters to match the passplan.txt orbit and cycle of interest. 

D. Run the simulator 
Now you are ready to run the simulator to create proxy SWOT WSE. Start the simulator from 

your working directory using the command: 

>> cd $SWOT_HYDROLOGY_TOOLBOX/test/testcase  
>>python $SWOT_HYDROLOGY_TOOLBOX/sisimp/proc_sisimp.py 
rdf/parameter_sisimp.rdf 
 

Output, including pixel cloud shapefiles, will be created in the 

$SWOT_HYDROLOGY_TOOLBOX/test/testcase/output/simu/ directory. Further post-processing 

can be done using the parameter_river.rdf and the RiverObs simulator needed. 

  



Appendix – Creating a time series (Advanced User) 
A time series of input polygon shapefiles can be created from model output, but observations 

and best estimates may also be used. First, create the orbit file (Section 4C) to obtain 

observations times from the passplan.txt file 

($SWOT_HYDROLOGY_TOOLBOX/test/testcase/output/orbit/passplan.txt). For each 

observation time in the passplan.txt file, create a separate polygon shapefile with the 

appropriate HEIGHT values. This can be done manually or using the Field Calculator in ArcGIS, 

or if you would like to do this programmatically using Python see the Pyshp manual 

(https://pypi.org/project/pyshp/) for more information. 

Once a time series of input polygon shapefiles is created (one shapefile per time), a simple 

python wrapper (https://github.com/njelmer/swot-hydrology-

toolbox/blob/master/scripts/process_multiple_shp_CNES.py) is available to process the full 

time series through the CNES simulator quickly and efficiently. 

https://pypi.org/project/pyshp/
https://github.com/njelmer/swot-hydrology-toolbox/blob/master/scripts/process_multiple_shp_CNES.py
https://github.com/njelmer/swot-hydrology-toolbox/blob/master/scripts/process_multiple_shp_CNES.py

