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The Richardson-Richards equation (RRE), a nonlinear partial differential equation (PDE), is commonly used to
describe soil water dynamics. Analytical solutions of RRE are available only when simplifying assumptions are
made. Therefore, numerical methods, such as the finite difference, finite element, and finite volume methods,
are employed when solving practical problems. Here, we introduce an alternative numerical method known
as physics-informed neural networks (PINNs), in which neural networks approximate the solution to the
RRE. The PINN approach, which is rapidly gaining popularity in various fields of physics, is based on the
universal approximation theorem that neural networks with at least one hidden layer with a finite number of
weights can approximate any continuous function arbitrarily well. Furthermore, the automatic differentiation
allows the evaluation of the residual of PDEs, which is incorporated into the loss function to be minimized.
Although the forward solution of PDEs using PINNs is computationally more expensive than other numerical
methods, the PINNs approach is expected to be more effective for the inverse problem because it does not
require a repetitive solution of the forward problem as in other numerical methods. We will present a PINNs
solver for the RRE and compare its approximations with analytical and conventional numerical solutions
for homogeneous and layered soils. We also present a PINNs method for approximation of soil surface flux
from only near-surface soil moisture measurements, which demonstrates the superior potential of PINNs for
solving inverse problems.
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