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Introduction:  The three terrestrial planets that 

have atmospheres, Venus, Earth, and Mars, experi-
enced very different histories, partly as a consequence 
of their respective distances from the Sun and partly 
because of their different masses. 

Venus. Venus, we believe, began its life with an 
appreciable amount of liquid water, based on its high 
D/H ratio, combined with models of the delivery of 
planetary volatiles. Venus lost its water, though, be-
cause it was too close to the Sun, and so it developed a 
form of runaway greenhouse [1]. Water vapor made its 
way into Venus’ upper atmosphere, where it was 
photolyzed, and the hydrogen escaped to space. The 
fact that Venus lacks a magnetic field is largely irrele-
vant to this issue [2], even though much has been 
made of this by various authors [3]. 

Earth. Earth, fortunately, is located farther from 
the Sun, and so it avoided Venus’ fate. The main prob-
lem for Earth is explaining why the planet was not 
frozen during the first half of its history when the Sun 
was up to 30 percent fainter. The most likely solution 
involves higher concentrations of greenhouse gases, 
especially CO2 and CH4. CO2 by itself (or, actually, 
along with H2O) could, in principle, have solved the 
faint young Sun problem [4,5]. However, data from 
paleosols [6] suggests that early CO2 concentrations 
were not high enough to accomplish this, and so a 
combination of CO2 and CH4 seems more likely [7], 
perhaps with some augmentation by higher pN2 [8]. In 
any case, solving the faint young Sun problem on 
Earth is not that difficult. 

Mars. Of the three terrestrial planets with atmos-
pheres, Mars is probably the least well understood. 
Photographs from Mariner, Viking, and later space-
craft show abundant evidence of fluvial activity. Most 
of these features are on heavily cratered terrain, sug-
gesting that they formed at or before 3.8 Ga. A long 
debate has raged as to how warm the martian climate 
must have been at that time in order to form these fea-
tures. Some authors, e.g. [9], have argued that early 
Mars was relatively Earthlike; others, e.g. [10,11] have 
argued that the climate was mostly cold except for 
periods of brief warming caused by impacts. A prob-
lem with the impact hypothesis is that the assumed 
amount of water used to form the valleys is much less 
than was probably available. So, this author has always 
favored the warm early Mars hypothesis. This leads to 
a conundrum, though, because models of Mars’ early 
climate have consistently failed to show how the mean 
surface temperature could have been above the freez-

ing point of water [12-14]. Two models that did pro-
duce warm surface temperatures both have known 
problems.The Pollack et al. model [9] was in error 
because it neglected CO2 condensation, and the more 
recent Johnson et al. model [15] evidently contained a 
coding error (M. Mischna, priv. comm.). Ongoing 
work in our group has centered on deriving new ab-
sorption coefficients for CO2 and H2O, the need for 
which was suggested by [16]. We plan to incorporate 
these new coefficients in our existing 1-D climate 
model and, eventually, to develop a 3-D climate model 
to investigate this problem. It may well be that 3-D 
models are required to find credible solutions to the 
early Mars climate problem. 
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