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Abstract: The primary objective of this study is to develop a hybrid numerical scheme for approxi-
mating the solutions of the one-dimensional fractional Burgers’ equation governed by a variable-order
Riemann—Liouville derivative. In the proposed framework, spatial discretization is accomplished via a
spectral element method based on the collocation approach, whereas temporal discretization is handled
using a Crank—Nicolson Leap-Frog scheme. To enhance the stability of the derivative matrix resulting
from the spectral element formulation, an adaptive penalty enforcement strategy is employed, wherein the
penalty coefficient is dynamically adjusted in response to the local variations in the fractional derivative
order. The accuracy, stability, and computational efficiency of the proposed method are validated through

a series of numerical experiments, demonstrating its robustness and effectiveness across diverse test cases.
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