
LESSONS FROM EARLY EARTH: UV SURFACE ENVIRONMENT OF EARTH-LIKE PLANETS: 
COMPARING CLOSE-BY M-STAR PLANETS TO EARTH THROUGH GEOLOGICAL EVOLUTION.  
Lisa Kaltenegger1, J O’Malley-James1,2, S. Rugheimer1,3, 1Carl Sagan Institute/Astronomy/Cornell 2Center for 
Planetary and Space Research, 1Oxford University, (lkaltenegger@astro.cornell.edu, 302 Space Science Building, 
14850 Ithaca, NY,USA).  

 
Introduction: The closest potentially habitable 

worlds outside our Solar System orbit a different kind 
of star than our Sun, smaller red dwarf stars. Such stars 
can flare frequently, bombarding their planets with 
biologically damaging high-energy UV radiation, 
placing planetary atmospheres at risk of erosion and 
bringing the habitability of these worlds into question. 
However, the surface UV flux of these worlds is 
unknown. The stellar energy distribution of a host star 
affects the photochemistry in the atmosphere, and 
ultimately the surface UV environment for terrestrial 
planets and therefore the conditions for the origin and 
evolution of life. Depending on the intensity, UV 
radiation can be both useful and harmful to life as we 
know it. UV radiation can inhibit photosynthesis and 
cause damage to DNA and other macromolecule 
damage [1,2]. However, UV also drives several 
reactions thought necessary for the origin of life [3]. In 
this work, we compare models of the UV surface 
radiation environments for Earth through geological 
time to both pre-biotic and post-biotic planets around 
the closest M stars.  

Methods: We model the surface UV radiation 
environment for Earth-sized planets orbiting close-by 
M stars and compare them to Earth through its 
geological evolution. To model the planetary 
atmospheres, we use a coupled 1D radiative-
convective atmosphere code developed for rocky 
exoplanets [4,5,6] and a 1D photochemistry [7] to 
calculate the atmosphere transmission of UV fluxes to 
the ground of Earth-sized planets.  

We explore four different types of atmospheres 
corresponding to an early Earth atmosphere at 3.9 Gyr 
ago and three atmospheres covering the rise of oxygen 
to present day levels at 2.0 Gyr ago, 0.8 Gyr ago and 
modern Earth [8][9][10].  
Results:  

Here we show the first models of the surface UV 
environment for the four closest potentially habitable 
exoplanets: Proxima-b, TRAPPIST-1e, Ross-128b and 
LHS-1140b assuming different atmospheric 
compositions, from Earth-analog to eroded and anoxic 
atmospheres (Fig 1) and compare them to Early Earth.  

 The UV fluxes calculated here provide a grid of 
model UV environments during the evolution of an 
Earth-like planet. These models can be used as inputs 
into photo-biological experiments and for pre-biotic 
chemistry and early life evolution experiments [3]. 

Even for planet models with eroded and anoxic 
atmospheres, surface UV radiation remains below 
early Earth levels, even during flares. Given that the 
early Earth was inhabited, we show that UV radiation 
should not be a limiting factor for the habitability of 
planets orbiting M stars. Our closest neighboring 
worlds remain intriguing targets for the search for life 
beyond our Solar System [11]. 
 

 
Fig. 1. Modeled UV surface fluxes for present-day 
Proxima-b, TRAPPIST-1e, Ross-128b and LHS-1140b 
for oxygen-containing atmospheres at pressures of 1.0 
bar, 0.5 bar and 0.1 bar, and a 1.0 bar anoxic 
atmosphere. Modern and Early Earth’s UV surface 
flux is plotted for comparison.  
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