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Takeaway message

We developed a mesh-independent flow 
direction model to generate flow routing 
parameters for spatially-distributed 
hydrologic models at regional and global 
scales.



4

Motivation: the classical D4/D8 approach

Most regional-scale 
surface hydrologic 
models:
• High-quality DEM-

based
• Projected coordinate 

system, i.e., m/km

All the global-scale 
hydrologic models 
(GHM):
• Upscaling
• Geographic 

coordinate system, 
i.e., degree

(Liao, et al. 2020 EMS) (Sood & Smakhtin. 2013 HSJ)
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Motivation: unstructured mesh-based approach

Seamless land-ocean coupling

Better representation of the high 
latitudes

Balance between computational 
cost and spatial resolution 

River networks alignment

(JIGSAW unified land-river-ocean Model for Prediction Across Scales (MPAS) mesh, Darren Engwirda)
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Mesh 
generation

• DEM
• HydroSheds

River network 
representation • HydroSheds

Flow direction 
modeling

• DEM
• HydroSheds

Method & Data

When using unstructured mesh, river 
networks and other hydrological 
features including dams can be burnt in 
the mesh.

Topological relationship-
based conceptual river 
networks

Stream burning, 
depression removal, et al.
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Topological relationship-based river network

(Liao, et al. 2022 JAMES)

Definition: topological relationships include both neighboring 
information and upstream/downstream information. 

Mesh and flowline intersections are used to track river network precisely.
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Topological relationship-based flow 
direction modeling: stream burning

• River networks are precisely 
maintained through topological 
relationships.

• Topological relationship, i.e., 
upstream-downstream, allows 
the adaptive stream burning.

(Liao, et al. 2022 JAMES)



9

Topological relationship-based flow 
direction modeling

• Based on an existing priority-flood 
depression-filling model, 
HexWatershed.

• Modified to consider river networks.

(Liao, et al. 2020 EMS)

v Both stream burning and depression removal are mesh-independent.
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Application

Susquehanna
(7 x 104 km2)

Columbia
(6.7 x 105 km2)

Sagavanirktok (1.5 x 104 km2)

Structured:
o Lat-long
o Projected
o Hexagon

Unstructured:
o MPAS

(Image: Google Earth)
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Results: conceptual river networks

(Liao, et al. 2022 JAMES)Susquehanna
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Flow direction

(Liao, et al. 2022 JAMES)

Susquehanna
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Metrics

Susquehanna (Liao, et al. 2022 JAMES)

Topological relationship-based stream 
burning produces more realistic channel 
elevations. 

Travel distance can be reconstructed 
from mesh type and resolution. 
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Flow direction: Sagavanirktok river basin 

Modeled river discharge at the USGS gage station (1590800) and 
outlet. Both model configurations are forced by the Global Reach-
level Flood Reanalysis (GRFR) runoff. 

(Liao, et al. JOH in prep)

Mesh resolution: 2~7km.
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Flow direction: Columbia river basin 

(Liao, et al. JOH in prep)
Mesh resolution: 2~7km.



16

Summary

• We use the topological relationship to model river 
networks, flow direction, and other flow routing 
parameters.

• Our method is mesh-independent and can be applied at 
regional and global scales.

• The products from our study can be used to improve 
hydrography representations in spatially-distributed 
hydrology models (e.g., GHM), especially when 
unstructured meshes are used.
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