Spatial Modeling

dP/dt = (µ - d)P ± exchange

The rate of change may depend on exchange of material, ind., etc., from adjacent areas

How do we model movement of things from place to place?

1) Need to define “place”

What is the scale of specific system of interest


Microscale – Global scale


What are examples of systems at various spatial scales


What are its boundaries?



How do we define them?

2) Choose a spatial grid - Considerations

Number of dimensions of specific system of interest


1-D, 2-D, or 3-D


What are examples of systems with these dimensions?

Resolution required


Depends on size of system of interest



Usually numerous grid cells per domain



Exceptions? Box models 


Depends on dominant processes



What are examples dominant processes in different ecosystems?



Which processes define resolution?




e. g., ocean eddies


Do you need to resolve the smallest scale processes? No.



We model photosynthesis at global scales


Computational considerations



Speed




Effect of decreasing resolution from 100 m to 50 m in 3-D?





Increases computation time 16 times





(2L x 2W x 2H x 2t)



Numerical stability




Example:





Flow speed = 1 m/s





Resolution = 50 m





Maximum timestep for stability = 50/1 = 50 s





Use at most 50% of this value = 25 s


Given an equal number of grid cells, which runs faster, a GCM or a local model?

3) Determine how you want to represent movement

Lagrangian representation


Model individual particles



When would you do this?


Particles must be large relative to spatial scale



Why? 




Need to move between grid cells in a given timestep




Can’t keep track of individual’s motion within a single grid cell


Random walk



Can allow particle to move truly randomly




Examples?



Can mathematically calculate probability of ending up in a specific spot


Can impose rules of motion



Examples?


Stepping stone models



Individuals must live in specific sites within model domain

Eularian representation


Model mean of ensemble of particles, i.e. concentration


Particles can be small relative to spatial scale


Diffusion-like motion

Probably most useful




Examples:





Seed dispersal from trees





Expansion of population from population center





Movement of nutrients and plankton in seawater



Eularian Integration scheme




X(t+1) = X(t) + dX(t)/dt • dt (forward Euler or explicit)





Simple to implement, less numerically stable




X(t+1) = X(t) + dX(t+1)/dt • dt (backward Euler or implicit)





Difficult to implement, more numerically stable




Many other options





Leap-frog





Mid-point





Runge-Kutta

4) Fick’s Laws


Fick’s first law


Fick’s second law



Derive equations for calculating diffusive fluxes in layered water column



Show how equations work

5) Boundary conditions


Absorbing boundaries – particle is lost when boundary is hit

No-flux boundaries – particle can’t move past boundary

Constant boundaries – value at boundary doesn’t change

