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Watershed and Catchment Meshing Python

US Army Corps Tool Utilizing the XmsMesh Meshing

of Engineersg, Software
by C. Jared McKnight, Drew Loney, and Kevin Winters

PURPOSE: This Coastal and Hydraulics Engineering Technical Note describes the approach,
methodology, and utilities of a Python code to flexibly create finite element meshes for a single
catchment, multiple catchments, or an entire watershed. This tool was developed with the intent of
model development for rapid responses with an emphasis on Adaptive Hydraulics 5.0 Diffusive
Wave (AdH-DW) applications, though any numerical code that uses an unstructured mesh could be
applied.

This meshing tool, implemented in Python, filters watershed and catchment shapefiles into unique
line segments. The code then utilizes the Engineered Resilient Systems (ERS) XmsMesh meshing
software, written by Aquaveo, to create a watershed mesh that adheres to the spacing and geometry
for each catchment within a watershed shapefile (Aquaveo 2019). The code provides this
functionality as well as the flexibility within the model domain to vary the extent of the area
meshed by allowing for the meshing of individual or multiple catchments within the watershed.
Based on the nodal spacing along the catchment boundaries, which can be adjusted, the mesh
geometry and spacing will be appropriate on the catchment or watershed scale.

MOTIVATION AND BACKGROUND: There are two major needs that facilitated the development
of this tool. With the development the AdH-DW, which has been tested and shown to be accurate
for flooding and multiple dam break scenarios (Savant et al. 2018), a need was identified for the
capability to rapidly generate AdH meshes for overland flow modeling. In these domains, catchment
shapefiles are readily available and are natural boundaries for AAH-DW models.

ERS funded Aquaveo to release its meshing software as open-source C++ libraries with Python
Application Programming Interfaces to allow customized use of its XMS software capabilities.
This software creates an unstructured, triangular finite-element grid. With the demand for more
rapid response capability with the models used within the U.S. Army Corps of Engineers
(USACE), the Army, and the Department of Defense, a code capable of leveraging the available
capability to generate AdH-DW model meshes using catchment shapefiles and stream shapefiles
of varying sizes and resolutions was deemed another important need.

METHODOLOGY: This tool produces a finite element mesh using a catchment shapefile and
stream network shapefile. The major steps are the following:

1. Catchment and stream network shapefiles (ESRI 1998) are read using utilities from
the stream alignment tool (Stream Alignment 2019).

The polygons are arranged based on the corresponding stream Hydro identifications
(ID). This is done to maintain consistent numbering between the watersheds and streams,
which will allow for easier calculations and remove the need to reorder the catchments for
later operations. The Hydro ID numbering is imported from the stream network shapefile,
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which also includes the connectivity. Figure 1 shows an example of numbered polygons

from Hydro IDs.
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Figure 1. Catchments arranged by Hydro ID.

3. Identify unique and shared segments and relate these to the corresponding catchment
polygons. Segments are flagged as either unique, which would be a boundary, or shared

between two polygons. Figure 2 identifies how the segments are categorized using
Polygon 1 as an example.
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Figure 2. Unique and shared segments.
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Recombine catchment polygons using the sorted segments. Polygons are then arranged in order
from the sorted segments with the nodal point arrays arranged in clockwise order. At this point,
the node spacing along the polygons could be resampled to add or remove resolution when the
mesh is generated. This would remove erroneous elements from along the boundaries and smooth
out the boundary segments. Figures 3 and 4 illustrate the arrangement of the nodes along the
boundary for Polygon 1 and show a unique and a shared segment.

Figure 3. Ordered nodal points for Polygon 1 along the top of the unique segment.

Pass the recombined catchment polygons to the XmsMesh meshing software, generating a
mesh for each selected catchment, group of catchments, or the watershed as a whole. The
sorted and organized polygons are then passed to XmsMesh to create a model mesh. A single
polygon can be meshed, or a group of polygons can be meshed together. Figure 5 displays an
example mesh using the three polygons shown previously.
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Figure 4. Ordered nodal points
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Figure 5. Example mesh for group of three polygons shown

above.
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4. Write the mesh to a formatted AdH input file using the utilities provided from the
ROAMS (Rapid Operational Access and Maneuver Support) UTIL package. The
ROAMS UTIL package is then used to generate an AdH model object. This package is
used to write the formatted AdH mesh file that can be viewed and edited using the
Aquaveo hydrodynamic modeling software, SMS, and is also ready to be used for AdH
simulations (ROAMSUTIL 2019).

EXAMPLE RESULTS: A larger set of polygons, from the shapefiles used as the test case for
this tech note, were selected to show how the mesher would operate with a larger number of
input watersheds. These shapefiles were downloaded from HydroSHEDS! (Lehner 2008). The
first eight watershed polygons were chosen to mesh and are shown in the figures below. These
polygons are not all connected, illustrating how the software can mesh an example with
discontinuities between the polygons. Figure 6 shows the boundaries for these eight polygons.
Polygons 7 and 8 are not connected to the previous 6. Figure 7 displays the same polygons after
being meshed. The mesh spacing and element areas are controlled by the resolution of the
shapefiles used to generate the meshes.

The mesh shown in Figure 7 contains 7660 elements and 4142 nodes. The nodal spacing is
dictated by the original shapefile and varies from approximately 200 meters to 1000 meters for
this example.
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Figure 6. The first eight polygons from the shapefile.

! Hydrological data and maps based on Shuttle Elevation Derivatives at multiple Scales



ERDC/CHL CHETN-VIII-13

October 2019
o
e
S DRk
s R
VAN b et
s o e i,
O b
v v ¢ st
Fe S i p
LR
=5§§%§§?N%Y¢I%§"“ ey o j
PRGN T 9% K i &b P ATAVAYAS L P
G A " AR v gy S AT
AR A -=1%A¥4%»'ﬂm\‘74,um%%€,5«‘2’%‘&! VAR E s
YRR L ‘&%ﬂéﬂ%ﬁﬂ;‘ﬁdwﬂ;a A e ‘ﬂﬁ%’ﬁm}ﬁzgﬂ%&v‘
CEAROSERRELEE A Ay, WAV g P e S A i A S a0y LA ) %0 L SRS
e R e S AT AT P g AP o e L L A i o vy VAV S Ry i v ari v
AL, e A e e T i o s i e gpirats SO Pl YA A B i T v R P s A tavamod |
A A e T e e At s s e s sl T e i R R
AR 17 N S e i e N o et bt e o)
A ] I D R e e il A A s a ey K e st
T RIS o VT Y s S S R e e g Oy A Y e o
S v W‘y N A R R L A A A R Yl
£ LAY ""AV‘A"A‘ R R R I RS o BB RO A ek el
e S DA LV AT AR s o Y A O S B Ve S TR by AR R
A A A T A A N S D A R DR Dk TN DT
T VAV AV AV I oS it e e U o e e T T e RN T (A 2
A AR AR R P RGO R KA OO DA S I SN T )
R T R e L s A = A7
R A T s Aral e e e R ! o)
T N A e W T RS g A e kv Y Ly 9 o v
BT TS gt A K [ e g TS AT i
A N P T e o R ST SLWATA i
A A A AT Aok A
TR e S RSBy U e 3 e i e M i
A KA AR e LD OO DA )
K A A A A AN AN e vavy v TR v
AN e ANy o v o O e pavac A ATy
AN AVAVAN bl a2 L g AV s T
R B R e o v e v L vavAWA e
RS RO ravars s e, s vavavat S s Va
e B s e e
AT N KOOSR A T
(AN 'w‘&«b‘hr‘ S OO A
A S A s vt AT
ATATari A e AT P S
L D R e
O D R
S A
A S Y b )
i Py S
R
R b b
RS A A
DRIHRESINE
N
Sy

Figure 7. The first eight polygons from the shapefile meshed.

SUMMARY OF FINDINGS: This python tool will create AdH model meshes starting only with
catchment and stream shapefiles. These file types are accessible and widely circulated for regions
throughout the globe. The code has been tested with many variable polygon arrangements and
performs well under all scenarios. This tool adds important capabilities to the existing suite of
codes and provides the ability to rapidly generate AdH model meshes from readily available file
types. This utility will add the important capability of rapidly creating AdH-DW model meshes for
overland flow applications.

FUTURE APPLICATIONS: This tool provides the capability to use catchment shapefiles as an
input for a model mesh and to have the ability to only mesh chosen catchments for rapid response
overland flow modeling. It will complement many existing projects or models. It will add another
capability to the tools already available within the ROAMS platform and the ERS program’s
Environmental Simulation. ROAMS is a software suite of analysis, automation, and visualization
tools designed to support and enhance existing USACE models (Loney et al. 2017). Environmental
Simulation advocates a Python-based flexible, modular approach to automating workflows with
web-based visualization and dashboards.

This tool will also leverage the Stream Alignment Tool, which produces corrected stream and
catchment shapefiles (Stream Alignment 2019). It will be able to use the corrected catchment
shapefiles as inputs and to create model meshes for these domains that will now have more accurate
stream and catchment shapefiles.

Mesh refinement and improvement options will also be added in the future. The option to guide the
ERS XmsMesh mesher along the streamline will be incorporated in order for the mesh geometry to
better resolve and follow the bathymetry of the streams. ROAMS includes utilities that can add
resolution and clean meshes using edge flips and by imposing gradients. These utilities will be
employed to improve the meshes. Another option would be to utilize AutoMesh, which is another
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existing USACE utility capable of carrying out mesh creation and refinement, to add resolution and
improve the mesh generated with this tool (Loney et al. 2018). Internal routines to smooth boundaries
and remove erroneous elements along the boundaries will also be incorporated into the tool.

This tool will provide flexibility for creating rapid response AdH-DW model meshes generated
from the watershed shapefiles that are readily available for many areas throughout the world,
especially areas where rapid response modeling efforts could be required.

ADDITIONAL INFORMATION: For additional information, contact Jared McKnight, Research
General Engineer, Coastal and Hydraulics Laboratory, U.S. Army Engineer Research and
Development Center, 3909 Halls Ferry Road, Vicksburg, MS 39180 at 601-634-2844; email:
Charles.J. McKnight@erdc.dren.mil. This effort was funded through the ERS program’s
Environmental Simulation work package through the Information Technology Laboratory.
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DISCLAIMER: The contents of this technical note are not to be used for advertising,
publication, or promotional purposes. Citation of trade names does not constitute an
official endorsement or approval of the use of such products.
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