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This project addresses an important limitation to scienti�c productivity in �elds that rely on computational modeling of landscape 

processes. Landscape models compute �ows of mass, such as water, sediment, glacial ice, volcanic material, or landslide debris, across a 

gridded terrain surface. Science and engineering applications of these models range from short-term �ood forecasting to long-term 

landform evolution. At present, software development behind these models is highly compartmentalized and idiosyncratic, despite the 

strong similarity in core algorithms and data structures between otherwise diverse models. 

We believe that progress across the range of �elds that use landscape models can be transformed by introducing a component-based 

approach to software development. We are engaged in a proof-of-concept study in which an existing landscape model code is adapted 

and enhanced to provide a set of independent, interoperable components (written initially in C++). These include: (1) a gridding engine 

to handle both regular and unstructured meshes, (2) an interface for space-time rainfall input, (3) a surface hydrology component, (4) an 

erosion-deposition component, (5) a vegetation component and (6) a simulation driver. The components can communicate with each 

other in one of two ways: using a simple C++ driver script, or using the Community Surface Dynamics Modeling System (CSDMS) Model 

Coupling Framework. 

A central element is the gridding engine, which provides the ability to rapidly instantiate and con�gure a 2D simulation grid. Initially, the 

grid is an unstructured Delaunay/Voronoi mesh. Because the internal representation of geometry and topology is quite generic-

consisting of nodes (cells), directed edges, polygon faces, etc.—the software can be enhanced to provide other grid formats, such as a 

 simple raster or a quad-tree representation. The gridding engine also provides basic capabilities for �nite-volume numerics, such as

 calculation of scalar gradients between pairs of neighboring cells, and calculation of �ux divergence within cells.

As they are developed, the components will be deployed to the surface-process community, and feedback will be collected from users, 

by (1) adding the components to the CSDMS library, and (2) providing hands-on training sessions at annual meetings of the CSDMS 

Terrestrial Working Group. 

Our hope is that these interoperable and interchangeable components with simple, standardized interfaces, will transform the nature 

and speed of progress in the landscape sciences by allowing scientist-programmers to focus on the processes of interest rather than on 

the underlying software infrastructure.

Abstract
(a) (b) (c)

(d) (e)
(f )

Examples of di�erent types of landscape model. (a) Computed depth-to-groundwater, from the tRibs �ood forecasting model (Ivanov et al., 2004). (b) 
Computed patterns of soil erosion and sedimentation on agricultural �elds, using the SIMWE soil erosion model (Mitas and Mitasova, 1998). (c) Model 
of ice-age glacier extent over the Sierra Nevada Mountains, using the GC2D ice�ow model (Kessler et al., 2006). (d) Simulation of canyon erosion and 
fan-delta progradation in a region of active uplift (top) and subsidence (bottom), using the CHILD landscape evolution model (Tucker and Hancock, 
2010). (e) Model of simultaneous cratering and �uvial erosion on the ancient Mars surface, with the MARSSIM model (Howard, 2007). (f ) Simulation of 
pyroclastic �ows at Tungurahua volcano, Ecuador, using the VolcFlow model (Kelfoun et al., 2009).

VORONOI / DELAUNAY MESH GEOMETRY

Sample mesh consisting of 7 nodes (A-G), 6 triangles (T1-T6), and 24 
directed edges (a-x) (from Tucker et al., 2001).
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Example: Building a Spatially Distributed Erosion  Model

C++ framework OR CSDMS framework
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  Example of a simple Voronoi/Delaunay mesh created with 
gridding engine (vectors = overland �ow velocity at cell faces)

CHILD model: source of code for
gridding engine and other basic
components
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EXAMPLE 1: TOPOGRAPHIC RIDGE
Tectonic uplift balances “di�usive” erosion

Driver Update function

EXAMPLE 2: OVERLAND FLOW DURING RAINSTORM
Rainfall on a �at, impermeable surface creates a shallow “mound” of water

Class de�nition Update function


