
Application: 
Drainage basins on a flat torus
Steady state drainage divides form Voronoi polygons
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A spectral solution for linear diffusion in a simple landscape evolution model

Figure 6. Comparison of the Landlab linear diffuser and spectral diffusers. 
The subgrid has periodic boundary conditions, and a single sink in the 
center of the subgrid. D=1E-3 m2/yr, K=3E-4 yr-1, m=0.5, n=1, uplift rate = 1E-3 
m/yr, dt = 100 yr, T = 100kyr
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Figure 7. Results using implicit spectral diffuser and the same setup as in Figure 4, only 
three sinks are placed in each subgrid rather than one. For comparison, Voronoi 
polygons are overlain with the sinks as center points. 

Figure 1. Schematic of boundary conditions and update configuration.  This scheme is necessary to accommodate the 
lack of built-in periodic boundary conditions for fluvial incision in Landlab. The fluvial incision term is applied to 
the whole domain with fixed outer boundary conditions and fixed interior points. The center subdomain is extracted 
and the spectral diffusion method is applied. Each timestep, all subgrids are updated to match the center subgrid.
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Figure 4. Mean elevation of the model domain for timesteps ranging from 2000 
years to 10 years. Actual model realizations still differ even when mean 
elevation is the same. N=64, D = 1E-3 m2/yr, k=3E-4 yr-1, T=100 kyr

Landlab Diffuser Explicit Spectral Implicit Spectral

N
=3

2
N

=6
4

N
=1

28

D
is

ta
nc

e 
(m

)

El
ev

at
io

n 
(m

)

Distance (m)

M
ea

n 
El

ev
at

io
n 

(m
)

Timestep (yr)

M
ea

n 
El

ev
at

io
n 

(m
)

Number of grid cells N

* * *

Explicit spectral 
divergesM

as
s

Number of grid cells N

Figure 5. Mean elevation of the model domain for number of cells in the 
subgrid ranging from 24x24 to 128x128. Full results for selected N values 
are shown in Figure 6. dt=100, D = 1E-3 m2/yr, k=3E-4 yr-1, T=100 kyr.

Figures 2,3. Test case, D = 1E-3, dt=2500, T=1E5. All models conform to true solution for 
the grid sizes tested, except the explicit spectral solution. At N=256, D*dt/dx2 = 0.164


