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Introduction: Computational meteorological mod-

els are a standard tool for investigating planetary at-

mospheres. Advances in numerical techniques and 

computer hardware enhanced Ice Giant simulations, to 

where the potential exists to simulate specific, multi-

physics observed phenomena. These simulations drive 

scientific investigation, the numerics providing in-

sights beyond the scope of the observations, while also 

validating the accuracy of the numerical models.   

The simulation of the occasional large geophysical 

vortices or dark spots (DS) on Uranus and Neptune is 

a useful testbed for this approach. In multiple cases, 

the dark spots were accompanied by a cloud feature, 

often referred to as a Bright Companion (BC). Exam-

ples are seen in observations of the original Great 

Dark Spot (GDS-89) by Voyager II at Neptune [1] and 

HST observations of NGDS-32 [2]. In 2007, a bright 

methane feature was observed that was likely associat-

ed Uranian Dark Spots (UDS), which was directly 

observed at the same latitude one month later [3].  

The origin of these bright clouds is thought to be 

orographic, similar to the process seen in the vicinity 

of mountains on Earth. Atmospheric gas is forced over 

the vortex, rising from warmer, lower altitudes in the 

troposphere to cooler, higher altitudes. As the atmos-

pheric gas cools, trace condensable gases (typically 

methane) condense into observable clouds.  

Numerical Simulations: Initial computational 

simulations of this process were done by Stratman et 

al. [4], in which methane was treated as a passive 

trace gas in atmospheric simulations of a dark spot 

vortex. As the simulation evolved, regions of methane 

relative humidity greater than 100% were treated as 

clouds, while excess methane gas beyond 100% RH 

was removed from the simulated atmosphere.  

Like Stratman, the current work uses the EPIC 

general circulation model (albeit a later version) [5], 

but here a multiphase microphysics model is used to 

capture the evolution of the methane. Simulations are 

initiated with the observed zonal winds and tempera-

ture-pressure profiles of Uranus or Neptune, along 

with an assumed uniform RH of methane. A vortex 

feature is induced, and then the vortex and methane 

are allowed to evolve over time.  

Current simulations of a dark spot feature (Fig. 1) 

indicate that these vortices generate a region of  up-

welling with typical peak vertical velocities around 1-

5 cm/s. These regions are the methane source for the 

bright companions, generating clouds whose locations 

are centered near the strongest upwelling. These 

clouds are qualitatively consistent with the observa-

tions of the BC relative to GDS-89, but the focus is to 

determine combinations of vortex strength and tropo-

spheric methane abundance that yield clouds match-

ing known observations. In this way, the simulation 

acts as a diagnostic of atmospheric conditions, provid-

ing insights into the structure of the vortices, conden-

sable gas distributions, and similar physics. This ap-

proach also illustrates the potential of linking observa-

tional and computational investigations to advance our 

understanding of Ice Giant atmospheres.  
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Figure 1: Three simulation layers at 280 (top), 390, 

and 530 mbar showing the upwelling (red contours) 

and downwelling (blue) in the vicinity of a dark spot 

(black). Velocity contours are 1 cm/s apart. In this 

case, the peak upwelling is southwest of the vortex.   
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