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Accurate estimates of the width of the habitable zone
are critical for finding potentially habitable exoplanets
and estimating the frequency of Earth-like planets in the
galaxy. A hard limit on the inner edge of the habit-
able zone is the runaway greenhouse effect [1]. Re-
cently, a number of calculations have been done with
three-dimensional atmospheric general circulation models
(GCMs) to estimate the inner edge of the habitable zone.
Leconte et al. (2013 [2]) found that the insolation thresh-
old for the runaway greenhouse on Earth is ≈1500 W m−2

(i.e., 110 % of modern Earth’s insolation) in the GCM
generic-LMD, but Wolf and Toon (2014 [3]) and Yang
et al. (2014 [4]) found that the insolation threshold is
≈1600 W m−2 in the GCM CAM3. Yang et al. (2013 [5],
2014 [4]) also found that cloud reflection on slowly rotat-
ing or tidally locked planets could lead to a much higher
insolation threshold.

We study the sources of model differences through a
series of comparisons of radiative transfer, clouds, and
dynamical core for Earth-like and tidally locked simula-

tions in five GCMs (CAM3, CAM4, generic-LMD, AM2,
and CAM4 with an updated radiative transfer scheme).
These comparisons will identify the specific components
of the models that are the sources of disagreement, which
will focus model improvement. So far, we have found
that: (1) Cloud parameterizations lead to the largest dif-
ferences among the models; (2) Differences in shortwave
and longwave radiative transfer of water vapor is moder-
ate (less than 20 W m−2, as long as surface temperature is
less than 360 K (Fig. 1)); and (3) Differences in the atmo-
spheric dynamical cores have a very small effect on the
surface temperature.
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Figure 1: Differences in water vapor radiative transfer between four climate models for a 1 bar N2 background atmo-
sphere with 376 ppmv of CO2. Left panel: Outgoing longwave radiation at the top of the atmosphere as a function of
surface air temperature. Right panel: same as the left panel but for absorbed shortwave radiation. In these calculations,
the relative humidity is 100%, the solar insolation is 1360 W m−2, and the surface albedo is 0.25. CAM4 WT is the
same as CAM4 but with an updated radiative transfer scheme by Wolf E. T. and Toon B. O.
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