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ABSTRACT 

A one-dimensional, radiative-convective model is used to study the equilibria conditions of 
moist atmospheres. We show that when the hydrologic cycle is included in the model a subcrit­
ical bifurcation occurs, leading to 2 linearly stable solutions to the radiative-convective equilib­
ria. In this case, when the net forcing is larger than a critical value, two equilibria are possible. 
Furthermore, a finite amplitude instability can lead to a runaway greenhouse regime when the 
solar forcing is larger than a second critical value. In general, previous climate studies with 
radiative-convective models did not include a hydrologic cycle. Instead, the atmosphere's water 
vapor mixing ratio was diagnosed based on the climatological profile of relative humidity. We 
show that fixing the water vapor relative humidity profile at the climatological value (in the 
computation of the radiation fluxes only) leads to a unique stable solution to the radiative­
convective equilibria. Thus, the crucial part of the hydrologic cycle which allows multiple 
solutions is the relaxation of the assumption of a climatological relative humidity profile. Our 
results do not apply directly to any real planet because of large uncertainties in our calculation 
due to the absence of clouds and the use of a one-dimensional model. The 1st equilibrium 
corresponds to an optically thin atmosphere. In this regime, the system is nearly linear and is 
in a state of small dissipation. The 2nd equilibrium corresponds to an optically thick atmosphere. 
In this 2nd regime, the system is highly nonlinear and is in a state of large dissipation. 

1. Introduction 

In nature, complex and poorly understood cli­
mate feedback mechanisms exist, making climate 
modeling a complex and difficult endeavor. Here, 
we study one of these mechanisms, the effect of 
the water vapor feedback on one-dimensional 
radiative-convective equilibria. Our results do not 
apply directly to any real planet because of large 
uncertainties in our calculation due to the absence 
of clouds and the use of a one-dimensional model. 
Since clouds have a large influence on radiative 
transfer, they are potentially a key factor in deter­
mining the character of the radiative-convective 
equilibria of any real planet. We make experiments 
with no cloud cover to avoid the inclusion of a 
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large number of arbitrary parameters that would 
make both the numerical experiments and their 
interpretation very difficult. This is a logical step 
to take before the effect of clouds is studied. 
Instead of parameterizing the radiative properties 
of clouds, we perform experiments for a wide 
range of values of the input solar radiation. This 
is a classical approach which neglects many of the 
effects of clouds on climate equilibrium and the 
effects of cloud feedbacks on climate change 
(Manabe and Strickler, 1964; Manabe and 
Wetherald, 1967; Lindzen et al., 1982). However, 
this approach implicitly takes into account the 
first order effects of clouds on radiative transfer, 
that is, the effect of clouds on the net radiative 
flux at the model's surface. 

One-dimensional, radiative-convective models 
are very useful for understanding the heat budget 
of planetary atmospheres. Their main value is that 
































