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The ROCKE-3D General Circulation Model (GCM) [1] 

leverages our understanding of the Earth’s atmospheric 
chemistry and climate to simulate an increasingly diverse pool 

of planet types. ROCKE-3D has been used to simulate the 

climatology of modern and paleo-Earths [1], early Venus [2], 

and temperate terrestrial planets orbiting M dwarf host stars 

[3,4].  

Here, we describe some of the more recent developments, 

including the implementation of the kinetic pre-processor 

(KPP)[5], which replaces the original ModelE2-derived 

oxygen-dominated atmospheric chemistry scheme [6]. KPP is 

a highly customizable framework for novel chemistry schemes, 

which we have used to study the composition of a putative 

anoxic Archean atmosphere (4-2.5 Gya). We have also begun 

investigating the differences between 1- and 3-dimensional 

photochemical model results, taking a cue from studies which 

have demonstrated substantial climatological differences 

between 1-D and 3-D simulations (e.g., [3]). We plan to pay 

particular attention to simulations of anoxic, CO2-dominated 

atmospheres for terrestrial planets orbiting M dwarfs, which 

have given rise to several published false positives for oxygen 

using 1-D models (e.g., [7]). M-dwarf-hosted planets are also 

likely to be tidally locked, which is difficult to accurately 

capture in 1-D. 

Finally, we show synthetic spectra and phase curves 

derived from early Earth analog scenarios. Retrievals could be 

used to differentiate some surface types like open ocean and 

ice cover, for example, with implications for habitability (and 

by extension, biosignature detection and false positive 

discrimination). 
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