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The Sun’s atmosphere evolves in response to constant restructuring of the underlying mag-

netic landscape. The emergence of magnetic flux from the solar interior into the atmosphere,

and the subsequent shuffling of emerged magnetic fields by (sub)surface flows lead to a diverse

range of eruptive solar phenomena. In this paper, we report on recent progress in theoretical and

numerical modeling of the flux emergence process. The first part of this paper focuses on 3D

magnetohydrodynamics (MHD) models that treat important physical processes such as radiative

transfer, magnetoconvection, as well as changes in partial ionization degree. These simulations

reproduce the qualitative dynamical behaviour of flux emergence from the convective scale of

photospheric granulation (∼ 1000 km, e.g. see Stein & Nordlund, 2006; Cheung et al., 2007;

Martínez-Sykora et al., 2008; Tortosa-Andreu & Moreno-Insertis, 2009) up to scales encom-

passing entire solar active regions (∼ 105 km, e.g. see Cheung et al., 2010; Stein & Nordlund,

2012) and have become sufficiently realistic to facilitate quantitative comparisons with real solar

observations. The second part of this paper focuses on data-driven simulations of emerging flux

regions. The Helioseismic and Magnetic Imager onboard NASA’s Solar Dynamics Observatory

(launched in 2010) delivers full-disk maps of the Sun’s photospheric magnetic field with regular

cadence and robust data quality. These datasets are facilitating data-driven simulations to study

(1) how the solar corona (as observed in EUV wavelengths by SDO’s Atmospheric Imaging As-

sembly instrument) evolves during active region formation (e.g. see Cheung & DeRosa, 2012),

(2) how magnetic energy is built up and (3) how parasitic emerging flux acts as a trigger for

eruptions (as demonstrated in the idealized model of Amari et al., 2000).
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