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Upcoming CSDMS Webinars
• Using CSDMS in the Classroom - Learn about CSDMS software for running a suite 

of earth surface models through a web-based modeling tool (WMT). This webinar 
will share improved ways of using this tool in the classroom, gives a quick reminder 
demo, and points in detail to the resources online. Instructor: Irina Overeem, 
CSDMS Deputy Director, University of Colorado, Boulder - October 9th, 12PM 
Eastern Time - Register

CSDMS Basic Model Interface (BMI) - When equipped with a Basic Model 
Interface, a model is given a common set of functions for configuring and running 
the model (as well as getting and setting its state). Models with BMIs can 
communicate with each other and be coupled in a modeling framework. The 
coupling of models from different authors in different disciplines may open new 
paths to scientific discovery. In this first of a set of webinars on the CSDMS BMI, 
we'll provide an overview of BMI and the functions that define it. This webinar is 
appropriate for new users of BMI, although experienced users may also find it 
useful. Instructor: Mark Piper, Research Software Engineer, University of 
Colorado, Boulder - November 13th, 12PM Eastern Time – Register

https://colorado.us15.list-manage.com/track/click?u=6244ee030fc53edb530ad5be4&id=c8678d8d56&e=174d68526b
https://colorado.us15.list-manage.com/track/click?u=6244ee030fc53edb530ad5be4&id=adc450c181&e=174d68526b


What is Landlab?     

• A Python-language programming library
• Supports efficient creation and/or coupling of 2D 

numerical models
• Geared toward (but not limited to) earth-surface 

dynamics
• Companion to CSDMS Python Modeling Tool (PyMT)

landlab.github.io



Spatially distributed (2D) process models are 
vital for studying earth’s surface 

(a) (b) (c)

(d) (e)
(f )

CATCHMENT HYDROLOGY
(Ivanov et al., 2004)

SOIL EROSION
(Mitas and Mitasova, 1998)

GLACIER DYNAMICS
(Kessler et al., 2006)

LANDSCAPE EVOLUTION
(Tucker and Hancock, 2010)

IMPACT CRATERING AND DEGRADATION
(Howard, 2007)

LAVA FLOWS
(Kelfoun et al., 2009)

… and the models some interesting things in common



Design goals
Gridding: set up 2D grid in a few lines of code

Data: ”attach” data layers to grid elements

Plug & Play: reusable, standardized components

Light interface: easy to learn and use

Housekeeping: common tasks (I/O, basic plotting) 

Integration: use in other frameworks

Cell

Node (interior) FaceActive Link

Inactive LinkNode (open boundary)

Node (closed boundary)



Landlab: grid management
– Grids are objects
– Grids use flat arrays
– Data fields can be attached to grid elements
– Multiple grid types
– Built-in numerical functions:
• gradient
• divergence

Cell

Node (interior) FaceActive Link

Inactive LinkNode (open boundary)

Node (closed boundary)

RASTER
HEXAGONAL

RADIAL

VORONOI / DELAUNAY



ç Delaunay triangulation
with Voronoi polygons

NODE

LINK

CELL

grid = RasterModelGrid(shape=(10, 16))

grid = HexModelGrid(11, 10) grid = HexModelGrid(16, 10, 1.0,
‘vert’, ‘rect’)

grid = RadialModelGrid((3, 5))



Components: plug-and-play capability



Components: plug-and-play capability
COMPONENTS ARE 
PYTHON CLASSES
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Components: plug-and-play capability
COMPONENTS ARE 
PYTHON CLASSES

METADATA

INITIALIZE

RUN



Building a model with Landlab components

COMPONENT 1 COMPONENT 2 COMPONENT N

GRID
FIELD 1 FIELD 2 FIELD N

…

…

DRIVER
(Python script)

Parameters Data
Output



Some process components in the toolkit

VEGETATION GROWTH

STOCHASTIC 
FIRE GENERATION

SHALLOW-WATER
HYDRODYNAMICS

STOCHASTIC 
STORM GENERATION SOIL CREEP

CHANNEL INCISION

SOIL MOISTURE
DYNAMICS

CELLULAR
AUTOMATA

FLOW ROUTING

LANDSLIDE 
PROBABILITY

NORMAL FAULTING

LITHOSPHERE
FLEXURE



Cellular automaton package

CellLab-CTS: Continuous-time stochastic CA 

(Tucker et al., 2016 Geoscientific Model Development;
2018 Earth Surface Dynamics)



Other capabilities

• Input and output
– Parameter input from formatted text file 
– Read and/or write gridded data:
• ESRI ASCII
• netCDF

• DEM analysis and pre-processing
– Configure “watershed” boundary conditions
– Other terrain analysis functions

• Basic plotting with Matplotlib

EX:    (mygrid, topo) = read_esri_ascii(‘my_dem.txt’)



Example: 6-line diffusion model



Basic landform evolution model



MODEL “BasicRt” MODEL “BasicChRtTh”

Multi-model long-term erosion forecasting

Barnhart et al. (in prep)
Uses Landlab-built landscape evolution modeling 
package “TerrainBento” (Barnhart et al., in review)



Basin rainfall-runoff model

(Adams et al., 2017 Geoscientific Model Development)



Landslide probability mapping

(Ronda Strauch et al., 2018 Earth Surface Dynamics)



Some notebook demos from the 
Landlab tutorials collection

These and other tutorials can be found 
via the Landlab website



Tutorial #1: modeling the erosional 
degradation of a fault scarp using 

linear diffusion theory



The mathematical problem

@⌘

@t
= �rqs

⌘ = land-surface elevation
t = time

q = sediment flux [L2/T ]

q = �Dr⌘

D = transport coe�cient [L2/T ]

SOIL MASS IS CONSERVED è

SOIL CREEPS DOWNHILL è



Each interior node i lies within a cell whose
surface area is Ai.

We can write mass balance for cell i in terms
of sediment fluxes across each of its four
faces:
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The numerical problem: 
finite-volume solution scheme
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Flux depends on gradient, which is

calculated between adjacent nodes:

qwest = �D
@⌘

@x

�����
(west face)
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Discretize the time derivative

as a forward di↵erence:

@⌘

@t
⇡
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�t



Tutorial #2: using components to 
create a basic model of landform 

evolution



Landlab documentation and other 
resources

• Website: http://landlab.github.io
• Github site: https://github.com/landlab
• Jupyter notebook tutorials
• Online user guide
• API reference manual
• Best way to pose a questions or make a 

request: post an ISSUE on Github site
• Site visits

http://landlab.github.io/
https://github.com/landlab


Questions?


