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The primary purpose of this supplementary material is to describe how the original GeoFlood framework, presented in 

Figure 2 of the main manuscript, was enhanced through the integration of the CPOP approach. While the overall struc-

ture of the GeoFlood framework was preserved, several targeted adjustments were implemented to enable the applica-

tion of the CPOP method. Both the original and modified workflows are implemented in Python. 

The original GeoFlood framework was developed by Zheng et al.[1], and the source code and accompanying guidance 

materials are publicly available at: https://github.com/passaH2O/GeoFlood. Zheng et al. [1] recommended using an 

Anaconda environment to run the GeoFlood modules; however, any Python-compatible environment may be used, 

including execution via the Windows command prompt. Required dependencies, such as GRASS GIS and TauDEM, 

can be installed either prior to setting up the Python environment or configured within it. 

The GitHub repository outlines the original GeoFlood workflow as a sequence of twenty steps. The modified CPOP-

GeoFlood framework follows the same overall structure and numbering. All files and steps 1 to 12 remain unchanged 

from the original implementation, while modifications were introduced from Step 13 onward, and the corresponding 

new files are provided as supplementary data and also available at https://github.com/marwawahba/Geoflood-En-

hancement.git. The main objective of this document is to clearly identify and explain these code-level changes, enabling 

straightforward replication of the methodology presented in the main manuscript. 

In addition, some modifications were introduced to support uncertainty analysis conducted prior to identifying CPOP 

as the preferred segmentation method. Not all presented modifications are strictly required for implementing the 

CPOP-GeoFlood framework; however, they are included here for completeness and to provide guidance for users in-

terested in extending or adapting the methodology. 

 

Step 13 Streamline Segmentation Modification 

Two streamline segmentation approaches are examined in this study. The first approach follows the original GeoFlood 

methodology and is based on equal-length streamline segmentation. Multiple segment lengths are tested to evaluate 

how segmentation length choice influences slope estimation and the sensitivity of GeoFlood results. 

The second approach applies the CPOP algorithm, which does not depend on predefined or fixed segment lengths. 

Instead, CPOP automatically identifies optimal streamline breakpoints, producing segments of unequal length that are 

determined by terrain-driven changes in slope. This data-adaptive segmentation enables a more robust and physically 

meaningful representation of longitudinal slope variability along the stream network. 

mailto:ghaithm@mcmaster.ca
https://github.com/passaH2O/GeoFlood
https://github.com/marwawahba/Geoflood-Enhancement.git
https://github.com/marwawahba/Geoflood-Enhancement.git
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Equal Length Streamline Segmentation 

In the original GeoFlood framework, Step 13 (Streamline_Segmentation.py) divides the extracted flowline into equal-

length segments based on a user-defined segment length. The default segmentation length is 1000 m, as shown in Figure 

SA1. This procedure produces a single output corresponding to the specified segmentation length. 

Instead of applying the original code multiple times according to different segment lengths, the updated code automat-

ically processes all possible segmentation lengths in a single run, following the same idea of breaking the flowline into 

equal-length segments. Therefore, the updated code applies an alternative loop, as shown in Figure SA2, which tests a 

full range of split distance values from 100 m up to the total length of the streamline with 50-meter increments. These 

values can be modified by the user based on the case study and sensitivity or uncertainty analysis. 

For each segmentation length, the updated code generates a separate output file and stores it in an individual directory. 

All segmentation-specific directories are organized under a newly created parent folder named ChannelSegments, as 

shown in Figure SA3. 

It should be noted that although some subsequent GeoFlood processing steps do not require changes to the methodol-

ogy, they must be updated to reference the appropriate input files in the ChannelSegments directory to ensure con-

sistency with the new segmentation workflow. 

 

 

Figure SA1: Original GeoFlood default streamline segmentation.  

 

 

Figure SA2: Updated code for streamline segmentation loop. 
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Figure SA3: Subfolders creation based on different segmentation lengths. 

 

Unequal-length Streamline segmentation 

The alternative approach of segmentation code was applied to break the original flowline into unequal-length segments 

based on the CPOP method obtained from Fearnhead et al. [2]. The original CPOP source code, along with detailed 

instructions and guidance materials, is publicly available at https://github.com/bastienlc/CPOP. The CPOP method de-

pends mainly on two parameters (Beta and Scale), which the user can initially determine based on the description in 

the above link and could be adjusted based on the model output.  

The original CPOP code obtained from GitHub was updated to ensure full compatibility with the GeoFlood workflow. 

The CPOP GeoFlood code begins with the user definition of the flowline folder paths, as shown in Figure SA4. CPOP 

then takes sample elevation values along the flowline at a fixed 10-meter interval (user-defined value) as shown in 

Figure SA5. The next step, the CPOP method extracts the elevation profile and detects optimal changepoints along the 

streamline and reconstructs piecewise-linear segments between these detected points with their calculated slopes. The 

code also produces a diagnostic plot showing the elevation profile, identified changepoints, and resulting segmentation 

as shown in Figure SA6. This visualization enables the user to assess whether further adjustment of the Beta and Scale 

parameters is required. Beta parameter controls the number of changepoints detection along the flowline, higher values 

produce fewer and smoother segments; meanwhile, lower values produce more segments according to the sensitivity 

of the DEM. In contrast, the Scale parameter is used in the cost function to stabilize and balance the optimization process 

without altering the overall characteristics of the elevation signal. 

The code finally generates the output file with unequal segmentation lengths and their associated slopes based on the 

detected change points. The output file is stored in a new dedicated subfolder (d_No_smoothing_CPOP_realSlope) 

within the Channel_Segments directory. 

 

https://github.com/bastienlc/CPOP
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Figure SA4: CPOP flowlines identification. 

 

 

Figure SA5: CPOP elevation sampling.  

 

 

Figure SA6: CPOP parameterization. 

 

Data Management (Folder Data Code) 

An additional data-management step is required to accommodate the updated segmentation workflow. Although this 

step is currently implemented as a separate post-processing code, it can be automated in future versions of the code to 

be within the equal segmentation code. In the original GeoFlood equal-length segmentation procedure, the number of 

stream segments is calculated by dividing the total stream length by the user-defined segmentation length. This value 
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is then rounded up to the nearest integer, and a revised segment length is computed by dividing the total stream length 

by the resulting integer number of segments. 

This rounding procedure may produce redundancy in the final segment lengths. For example, if the total stream length 

is 1780 m and the requested segmentation length is 1100 m, the calculated number of segments is 1.61, which is rounded 

up to 2, resulting in an effective segment length of 890 m. Similarly, a requested segmentation length of 1000 m yields 

a calculated value of 1.78, which is also rounded up to 2, producing the same effective segment length of 890 m. As a 

result, multiple user-defined segmentation lengths can lead to identical segmentation outputs. 

After updating the code to process all segmentation lengths in a single run while maintaining consistency with the 

original GeoFlood equations, an additional script is applied to identify and remove redundant outputs. This script scans 

the generated output folders, detects repeated effective segment lengths, and retains only unique segment length con-

figurations for subsequent processing steps of GeoFlood. 

This process is done based on a CSV file generated containing the folder names and their corresponding effective seg-

ment lengths. The data are then sorted and filtered based on segment length, and duplicate entries are removed by 

retaining only a single representative folder for each unique segmentation. Corresponding folders with identical names 

are then created in the inundation directory to ensure consistency in subsequent GeoFlood framework steps. 

When the unequal length segmentation based on the CPOP method is applied, this additional filtering step is not re-

quired, as only one output is generated. However, the Folder Data code in this case is executed, which will keep the 

extracted segmentation folder (d_No_smoothing_CPOP_realSlope) preserved as is, and only a corresponding folder 

with the same name will be created within the inundation directory for subsequent GeoFlood processing steps. 

Step 14 GRASS GIS Catchment Delineation 

The GRASS GIS Catchment Delineation script was updated to operate on all segmentation output files generated from 

Step 13. This modification in the original code makes it process multiple extracted files sequentially instead of only a 

single input file. 

As shown in Figure SA7, the only required change to the original GeoFlood Step 14 implementation is an update to the 

directory path. Once this path is modified to point to the parent directory containing the segmentation subfolders, the 

script automatically iterates through all available subfolders and applies the catchment delineation procedure to each 

segmentation scenario without further manual intervention. 

 

 

Figure SA7: GRASS GIS catchment delineation updated script. 

 

Step 15 River Attribute Estimation 

Step 15 consists of multiple scripts designed to support different slope estimation approaches. When applying the orig-

inal GeoFlood methodology with equal-length segmentations, the user can execute the River_Attribute_Estimation-
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main script, which follows the default slope calculation procedure for each segmentation scenario (base case scenario). 

Alternatively, the user can apply other slope estimators, including mean slope, median slope, and Theil-Sen trend esti-

mation, with the option to consider either all calculated slopes or only positive slopes, as shown in Figure SA8. Alter-

natively, the user can use the CPOP method for unequal stream segmentation. All those methods were tested in this 

study against the base case scenario, but the primary focus of this study, based on results, focuses primarily on two 

slope estimation approaches: the Theil-Sen trend with slope ranges and the CPOP-based slope method, as they provide 

comparable results to the original base case scenario.  

The Theil-Sen trend with ranges is applied using elevation sampling at each 10-m interval (this can be manually adjusted 

by the user). Within each stream segment, all pairwise slopes are computed, and their median is taken as a robust slope 

estimate. A final slope value is then selected by comparing the estimated slope against a user-defined, physically rea-

sonable slope range. This filtering step allows unrealistic values caused by DEM noise or local irregularities to be ex-

cluded, based on the user’s experience and the observed longitudinal behavior of the stream, as shown in Figure SA9. 

Meanwhile, river attribute estimation using the CPOP approach does not involve additional slope calculations at this 

step. Instead, the script directly reads the segment slopes previously computed by the CPOP algorithm in Step 13 from 

the corresponding output folder and assigns them to the river attributes used in subsequent GeoFlood processing steps. 

 

 

Figure SA8: River attribute slope estimation scripts. 
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Figure SA9: Theil-Sen trend slope estimation with ranges. 

 

Step 16 Network Mapping 

The network mapping script was updated to operate on all files generated from the previous Step. The only modifica-

tion to the original implementation is the extension of the workflow to process multiple extracted input files rather than 

a single file. No changes were made to the underlying network mapping logic; the update enables automated iteration 

over all segmentation outputs. 

Step 17 Hydraulic Property Base Table 

Similarly, the Hydraulic Property Base Table script was updated to operate on all files generated in the previous step. 

The sole modification to the original implementation is the extension of the script to process multiple extracted input 

files rather than a single file. The underlying hydraulic property calculations remain unchanged; the update enables 

automated iteration across all segmentation outputs. 

Step 18 Hydraulic Property Full Table (More Channel Geometries) 

The Hydraulic Property Full Table script was updated to operate on all files generated in the previous step. The only 

modification to the original implementation is the extension of the workflow to process multiple extracted input files 

instead of a single file. All hydraulic property calculations and underlying logic remain unchanged; the update solely 

enables automated iteration across the full set of segmentation outputs. 

Step 19 National Water Model Forecast 

In the original GeoFlood framework, discharge values are provided using outputs from the National Water Model 

Forecast. To support the updated multi-segmentation workflow, the discharge processing script was modified to oper-

ate on all files generated in the previous step, extending its functionality from a single input file to multiple files. 

The updated script is renamed (Forecast_Table_different_Q), which incorporates two main modifications. First, the in-

put data format was changed from NetCDF to CSV to improve flexibility and ease of use. The location of the CSV input 

file can be manually specified by the user, as shown in Figure SA10. Second, the structure of the discharge input data 

was revised. Instead of assigning a single discharge value per stream, as in the original GeoFlood implementation, the 

updated CSV file associates each stream ID (COMID) with multiple discharge values corresponding to different return 
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periods. This modification enables direct evaluation of multiple flood scenarios within the same workflow, as shown in 

Figure SA11. 

 

 

Figure SA10: CSV discharge file location. 

 

 

Figure SA11: CSV flow data. 

 

Step 20 Inundation Map 

The Inundation Map script was updated to operate on all files generated in the previous step, extending its functionality 

from processing a single input file to handling multiple extracted files. In addition, the updated script enables the ex-

traction of flood inundation maps for multiple discharge scenarios in a single run, building on the workflow established 

in Step 19.  

The revised script is renamed to (flood_maps_YRS). Users can specify input and output paths as shown in Figure SA12. 

Internal modifications to the inundation mapping code based on TauDEM are shown in Figure SA13. Extracted inun-

dation files are automatically named according to their respective return periods, as shown in Figure SA14 ensuring 

organized outputs. 

 

 



 9 of 11 
 

 

Figure SA12: Inundation map paths modification. 

 

 

Figure SA13: TauDEM tool path identification modification. 

 

 

Figure SA14: Inundation maps extraction for different return periods. 

 

Step 21 Comparison between Inundation Maps 

This additional script, called (comparsion_1m_buffer_csv_res), is used to evaluate the performance of the GeoFlood-

generated inundation maps against HEC-RAS inundation maps using four metrics: True Negatives (TN), True Positives 

(TP), False Negatives (FN), and False Positives (FP). 

To use the script, the user first specifies the folder containing the extracted GeoFlood inundation maps, as shown in 

Figure SA15. A new folder named “Ras” should then be created within the same path, containing the corresponding 

HEC-RAS inundation maps with appropriately matching filenames, as shown in Figure SA16.  

The script begins by generating a 1 m buffer around all inundation maps, as shown in Figure SA17 (the user can man-

ually change the buffer value). For each subfolder, the script produces a CSV file summarizing the performance metrics 

for the corresponding return periods, as shown in Figure SA18. Additionally, a combined CSV file is generated in the 

parent folder, consolidating all comparison results across all subfolders for a convenient overview and analysis, as 

shown in Figure SA19. 
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Figure SA15: Inundation maps location identification. 

 

 
Figure SA16: HEC-RAS Inundation Maps for Different Return Periods. 

 

 

Figure SA17: Buffer zone definition. 

 

 

Figure SA18: CSV sample corresponding to each scenario (subfolder). 
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Figure SA19: Consolidated CSV file. 

 

Remarks 

The scripts accompanying this study are provided as supplementary material and will also be made available on GitHub, 

along with the same detailed documentation as in this document. This will ensure accessibility for the research commu-

nity, facilitate reproducibility, and encourage further development and refinement of the adopted methodology. By 

enabling broader use and adaptation, these resources support the creation of more robust and resilient models that 

contribute to sustainable development and improved decision-making. 
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