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side and sinking motion on the night side where trans-
port from day to night occurs over the poles and at the
terminator. Yang et al. (2013) has also shown this to be
true for tidally locked planets, as is the case for Simula-
tion 9.

Simulation 10: This was a continuation of Simula-
tion 7 with the same insolation, but to see whether the
climate dynamics would change substantially if the or-
bital period was signi�cantly slowed to 50 Earth days in
length. Indeed it had a markedly strong e�ect and this
simulation is essentially in equilibrium. Here we see the
e�ect of the single equator-to-pole Hadley cells and the
subsequent large cloud bank at the substellar point that
increases the planetary albedo and shields the planet
from the high insolation of the host star, as �rst shown
in Yang et al. (2014) and explicitly demonstrated for a
slowly rotating ancient Venus in Way16.

There are two major caveats to consider when examin-
ing the simulations of Table 1. First, the second to last
column demonstrates the fact that with the exception
of Simulation 8, all of these simulations are well within
the moist greenhouse limit as de�ned byKasting (1988);
Kasting et al. (1993). Values of the stratospheric water
vapor mixing ratio f(H 2O) greater than 3 � 103 H2O
to air (kg) push one to this moist greenhouse limit and
most simulations are well above that limit. This implies,
according to Kasting et al. (1993) that the timescale for
the loss of all of Earth's ocean water is less than the age
of the present day Earth.

Secondly, we have to consider whether the speci�c hu-
midity at any atmospheric level is above � 10%. This
would indicate that H 2O has become a non-negligible
part of the atmospheric mass and errors in the dynam-
ics will begin to increase markedly (see Section 2.1 in
Way et al. 2018). Normally the highest values of spe-
ci�c humidity are found at the surface and indeed with
the exception of Simulations 8 and 9, they are all well
above 10%.

4. TRANSMISSION SPECTRA AND
DETECTABILITY

The transmission spectrum of Venus has been ob-
served and simulated on numerous occasions. Analysis
of transmission spectra from the 2004 transit of Venus
by Hedelt et al. (2011) resulted in the detection of CO2

absorption and was discussed within the context of ex-
oplanets. Similarly, the 2012 transit of Venus a�orded
an additional opportunity to study a high signal-to-noise
transmission spectrum and compare with synthetic spec-
tra of the Venusian atmosphere (Garc��a Mu•noz & Mills
2012). NIR observations of Venus have detected water
vapor in the Venusian troposphere (Chamberlain et al.
2013). The role of transmission spectra in characteriz-
ing exoplanets was discussed byBarstow et al. (2016),

emphasizing the e�ect of clouds in producing ambigu-
ous results. Further simulation of Venusian transmission
spectra byEhrenreich et al. (2012) identi�ed absorption
features that originated above the cloud deck that may
be used as Venus analog identi�ers for exoplanets.

We utilize a publicly available code3 that was designed
to produce transmission spectra from ROCKE-3D out-
put �les. The code reads the vertical pro�les at the ter-
minator and computes the transmission spectrum, prob-
ing each grid cell separately, and accounting for Rayleigh
scattering, refraction, and molecular absorption based
on HITRAN2012 (Rothman et al. 2013). We applied
this code to Simulation 2 (as described in Section3)
since the incident 
ux for the simulation most closely
represents the measurements provided byAngelo et al.
(2017) and the Venus topography allows direct compari-
son with early Venus. The simulated 1{20 micron trans-
mission spectrum based on the outputs of Simulation 2
is shown in the top panel of Figure4. The �gure also
shows the spectrum contributions from the individual
components of CO2, H2O, CH4, and N2. As described
in Section 3 and shown in the top panel of Figure2, the
rapid rise in surface temperature results in the trans-
feral of H2O from the oceans to the atmosphere. This
is why the total spectrum shown in Figure 4 is domi-
nated by water vapor. The CO2 atmospheric content
produces substantial absorption features in the 1.5{5.5
micron range as well as strong absorption e�ects cen-
tered at � 15 microns. The contributions of both CH4

and N2 are negligible apart from small absorption fea-
tures from CH4 between 1{9 microns and from a slightly
positive N2 gradient from smaller to longer wavelengths.
An important aspect of this transmission spectrum is
that it represents the spectrum of a potential transition
state of the atmosphere since the climate simulation did
not achieve radiative balance. Though the simulation
ended before radiative balance was achieved, the clear
rise in temperature incidates that the �nal state of the
atmosphere is a runaway greenhouse.

Future prospects are promising for detecting key at-
mospheric signatures in exoplanets that can help distin-
guish between Earth and Venus analogs. JWST will rev-
olutionize the �eld of exoplanet atmospheres by virtue
of nearly continuous, long-baseline observations, broader
wavelength coverage, and higher spectral resolution than
existing ground and space-based facilities (Green et al.
2016). While Hubble's Wide-Field Camera 3 (0.8 { 1.7
micron) has enabled transit spectroscopy atmospheric
characterization for dozens of planets, it is primarily
sensitive to water features (Deming et al. 2013), and the

3 https://github.com/GyonShojaah/mock observation modelE.git






















