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Large scale magneto-hydrodynamic (MHD) instabilities are of common interest in
astrophysical, space and fusion plasmas. In all these research fields, the progress in nonlinear MHD simulations has significantly increased the understanding of the observed
phenomena. This talk is devoted to the recent progress in non-linear MHD simulation for
tokamak plasmas. After giving an overview of the most important instabilities in tokamak
plasmas and introducing the JOREK non-linear MHD code used for our studies, we focus
on so-called edge localized modes (ELMs). Such instabilities lead to a periodic expulsion
of energy and particles from the plasma. Uncontrolled ELMs are expected to considerably
deteriorate the life-time of divertor components in ITER.
It is shown how simulations contribute in the effort of pushing forward the fundamental
understanding of ELM physics. Based on recent experimental and simulation advances, the
most important aspects of ELM physics are reviewed. This includes precursor modes,
filament formation, field stochastization, impurity transport, and heat loads onto machine
structures. An overview is also given of ELM control including natural ELM free regimes,
and techniques for ELM pacing, mitigation and suppression.
It will be shown that quantitative agreement of simulations is achieved with many key
experimental observations for ELMs and ELM control. Simulations allow to perform
complementary investigations to the experimental approaches, and are successively
developing the predictive capabilities to establish robust operational scenarios for future
fusion devices. Open challenges will also be addressed.

