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Scenario A: 12-hour Day

Understanding the climate of early Earth is essential for understanding the
conditions that supported the emergence of life here, and may support the
emergence of life on other Earth-like worlds. However, the early Earth is poorly
known, because very little evidence remains for this time in the geologic record. The
ocean temperatures may have been higher - studies suggesting temperatures ranged
from 20° to 80° [11][12][13] - and the sea water itself may have been less viscous,
which could have had an impact on how life originated.
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In this study, we examine two key characteristics of the Earth that we expect had B 05 05 0B A comms s EEs B 194

an importance influence on early Earth climate: the amount of land area and how it Fig. 2 eenario & Terhour D2 eenario Jt Tethour Bay Fig.4 3
was distributed (continental configuration), and the rate of Earth’s rotation [9]. It is §
thought that early Earth had significantly less land [8]. Early climate model ?
simulations [5] that focused on analyzing the effects of a water-covered Earth on 2
climate and clouds found that polar temperatures would be warmer that expected, §
and that cloud cover would be reduced [5][10]. The rotation rate of the Earth was 5 Farth2d Earth12 ADd  AdD  JR24 JRI2  KoA  JKi2 Qo4 ot
faster 4 billion years ago, anc the length of day was 12 hours or less, compared to e e e,
our modern 24-hour day [15][16]. This faster rotation rate has been shown in Table 1. Contrasts,12-hour days vs 24-hour days
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transports heat and energy from the tropics to the polar regions, which in turn Fig. 2. Contrast between continent configurations A (left) and JR (right) for Snow and ce Cover showing the effects of different land Configuration | C)Anomaly = Anomaly  Anomaly | Anomaly = Anomaly
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The climate model simulations we explore here use a state-of-the-art model to SR E HEmPErle CEes) [y etEion s eeese, | | - Scenario JR 252 19.6 39.5 6.3 12.7
determine whether we would be able to detect these and other changes for early e e oy conunent confgurationsfor 86 and 12 hour foys, showing fhe difierence which rofafion rae el — il - e —

Earth’s climate compared to modern Earth, and to evaluate whether a particular
combination of faster rotation rate and land area would produce a world that could

support a sizeable habitat space suitable for life as we know it. Discussion & Future Work

The extremes in the climate models with 12 hour days could be explained by the Earth’s atmospheric cells. A strengthened Coriolis
Effect would cause reduction in size and strength of the atmospheric cells, and as such heat would not be transferred as easily from
the equator. This can be seen from Figure 1. For the effects of the continent configurations, land in any Scenario but JR results in
variability in climate patterns. This can be seen from Figure 2. For further research, we would like to focus on ocean circulation. We
would also conduct new experiments using different atmospheric compositions since early Earth had a different atmosphere than

Simulation and Analytical Methods

We used ROCKE-3D, a general circulation model (climate model) used to simulate
climate conditions of non-modern Earth and other planets [14]:
- Four idealized continent configurations
- Scenarios A and JR have 25% land area
Scenarios K and Q have 12.5% land area

modern Earth.
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