
1D Richard’s equation :

∂θ

∂ψ

∂ψ

∂t
− ∂

∂z

(
K(ψ)∂ψ

∂z

)
+ ∂

∂z
K(ψ) = Sr (1)

ψ(L, t) = β(t) (2)

K(ψ)−K(ψ)∂ψ
∂z

= q(t) at z = 0 (3)

ψ(z, 0) = ψ0(z). (4)

To solve equation (1), the soil water retention function is introduced to elimi-
nate one of the two dependent variables.

θ(ψ) = θr + α(θs − θr)
α + |ψ|β

The unsaturated conductivity K is given by

K(ψ) = α

α + |ψ − z|γKs

What you need to do is to solve the following transformed equation

∂θ̃

∂t
= ∂2φ

∂z2 + Sr, θ̄(φ) = θ(h) (5)
∂φ

∂z
= −q(t) at z = 0 (6)

φ(L, t) = β̄(t) (7)
φ(z, 0) = φ0(z). (8)

Thus, the unknown of the equation is φ. Start discretizing the PDE

∂θ̃(φ)
∂t

= ∂2φ

∂z2 + S

θ̄n+1
i − θ̄ni

∆t = φt+1
i+1 − 2φt+1

i + φt+1
i−1

(∆z)2 + Si

where θ̄ni = θ̄(φni ) = θ(hni ).
The key idea is to solve it for φn+1

i using the same code as lab14a.f90
which requires evaluating θ̄(φ) using the relations

θ̄(φ) = θ(h) = θr + α(θs − θr)
α + |h− z|β , φ(h) =

∫ h

0
K̄(λ) dλ, K̄(λ) = α

α + |λ|γKs
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