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Abstract. Non-linear spatial reconstruction is a successful procedure in circumventing Go-
dunov’s theorem and building high-order non-linear numerical methods for hyperbolic balance
laws. The pioneering Essentially-Non-Oscillatory (ENO) method of Harten et al. [?, ?, ?] and
the Weighted Essentially-Non-Oscillatory (WENO) method of Jiang and Shu [?] have been
fundamental breakthroughs in providing the basis for constructing schemes that are both
high-order accurate in smooth regions and essentially non-oscillatory at discontinuities.

Although the literature that shows prominent results is extensive, there is not yet a com-
plete theory of convergence for these reconstruction schemes. Therefore procedures have to be
analysed case by case. Problems of interest here, associated to ENO, include the difficulty to
attain steady state solutions and the loss of accuracy in cases involving smooth solutions with
steep gradients and abrupt stencil changes, [?].

In the present work we present a new method called ENO-ET, which is a variant of ENO.
The scheme preserves the main advantages of ENO and successfully overcomes its well-known
shortcomings. The method is assessed as a building block for high-order fully-discrete ADER
numerical schemes [?, ?]. The accuracy is extended up to the tenth order, not only to demon-
strate its high order but also to identify features that become visible beyond the fifth order,
the Gibbs phenomenon is one of them, which appears during the propagation of discontinuous
profiles.

Results are presented in one and two dimensions and are compared with those from existing
methods. Salient features include: i) attainment of theoretically expected convergence rates
for smooth solutions arising from demanding initial conditions, ii) computation of essentially
non-oscillatory profiles for discontinuous solutions, and (iii) successfully attainment of steady-
steady state solutions through time marching.

Keywords: ENO reconstruction, WENO reconstruction, finite volume ADER schemes

References

[1] Harten, A. and Engquist, B. and Osher, S. and Chakravarthy, S. R. Some results on high-order accurate
essentially non-oscillatory schemes Applied Numerical Mathematics , 2:347–377, 1986

[2] Harten, A. and Osher, S. Uniformly High Order Accurate Essentially Non-oscillatory Schemes, I SIAM
Journal on Numerical Analysis, 24(2):279–309, 1987

[3] Harten, A. and Engquist, B. and Osher, S. and Chakravarthy, S. R. Uniformly High Order Accurate Essen-
tially Non-oscillatory Schemes, III Journal of Computational Physics, 71:231–303, 1987

[4] Chi-Wang Shu, Numerical experiments on the accuracy of ENO and modified ENO schemes, Journal of
Scientific Computing, 5:127-149, 1990.

[5] Jiang, G. S. and Shu, C. W. Efficient Implementation of Weighted ENO Schemes. Journal of Computational
Physics, 126:202–228, 1996.

[6] G.I. Montecinos, and E.F. Toro. ENO-ET: a reconstruction scheme based on extended ENO stencil and
truncated highest-order term. Applied Mathematics and Computation, 442:127742, 2023.

[7] G.I. Montecinos, and E.F. Toro. Extension of the ENO-ET Reconstruction Scheme to Two Space Dimensions
on Cartesian Meshes in Conjunction with the ADER Approach. East Asian Journal on Applied Mathematics,
13:759-790, 2023.

Universidad de La Frontera
Email address: gino.montecinos@ufrontera.cl

University of Trento
Email address: eleuterio.toro@unitn.it

1


