SPATIO-TEMPORAL SIMULATION MODELLING:
POINT MODELS AND DIFFERENTIAL EQUATIONS
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What is a differential equation?

Example: interception storage
y(t+At)=y(t)+k-y(t) At

y amount of water in interception storage (m)

k fraction of water in the interception storage that leaves the
interception storage per second (s!, negative value)

At time step length (s)
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Solving the differential equation
In a model, the differential equation

@ _
dt

Needs to be solved to get a function

y=h@)

(in a model, £can be filled in for any time step and we get »)

solving

solving
Solving the differential equation

Solving a differential equation can be done in two ways:

* Analytical
* Numerical mathematics
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Example, analytical solution: initial value problem Analytical solution
The solution of the initial value problem dmportlmathy
dy k = -0.002 # fraction output from canopy (s-1)
d— = ky, y(to) =y Dt = 60 # timestep (s)
t
yZero = 0.05
. . t=0
Is (by integration)
while t < 60:
y(©) = ye" T = float(t) * Dt
! y = yZero * math.exp(T * k) # y is not on right side !!
print(y)
With t=t+1
Vi initial condition of y (at £= 0), i.e. initial amount of water in
interception store
15 16

Analytical solution
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Analytical solution

Numerical solution
Often, numerical solutions are used

« Many differential equations cannot be solved analytically

« Numerical solutions are relatively simple to program (not all)

« Numerical solutions are sufficiently precise for most applications

* Modellers can’t do maths...
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