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The SPARC Model
-  I will provide key updates to the three-dimensional 
Substellar and Planetary Atmospheric Radiation and 
Circulation (SPARC) model to incorporate atmospheric 
chemical processes.

Dynamics
Calculate wind speeds 
and temperatures given 

heating rates 

Chemistry
Determine chemical abundances 

given chemical and dynamical 
timescales and overall 

atmospheric composition   

Radiative Transfer
Solve for heating rates given 
pressure, temperature, and 

chemical abundances



Disequilibrium Carbon Chemistry
-  I will investigate the three-dimensional nature of 
disequilibrium carbon chemistry in the atmospheres of 
HD 209458b, HD 189733b, and GJ 436b.

CO ↑  CH4 ↓

Figure from Stevenson et al (2010) shows dayside emission observations are 
best fit by model spectra with disequilibrium abundances of CO and CH4.  
Disequilibrium chemical abundances are the result of the interplay between 
chemical and advective timescale and can vary with pressure, latitude, and 
longitude.



Carbon Rich/Poor Atmospheres
-  I will integrate carbon rich and carbon poor opacity databases 
into the SPARC model to explore how changes in composition 
affect global circulation patterns.
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Zonal mean-zonal wind plots for 1x (left) and 50x (right) solar metallicity 
atmosphere for GJ 436b.  Specific changes to the C/O ratio in exoplanet 
atmospheres could significantly alter global wind and thermal patterns.



Cloudy Exoplanets
-  I will explore three-dimensional cloud formation in the 
atmospheres of exoplanets and investigate the effect of 
atmospheric hazes on the observed flux from the planet.
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FIG. 6.ÈProÐles of temperature (dotted curves) and condensate mass concentration from baseline model solid curves) in theoretical atmospheres of an(o
c
,

(a) L dwarf, (b) T dwarf, and (c) extrasolar giant planet. Droplet e†ective radii at cloud base are shown as horizontal bars. Well-mixed clouds are shown as
dashed curves. The theoretical temperature proÐles are calculated for cloud-free conditions.

al. 2000) employs an ““ astrophysical dust ÏÏ size distribution
of submicron particles to model dust opacity in such atmo-
spheres. The cloud model presented here, with larger par-
ticles conÐned to a discrete cloud deck, represents a
substantial departure from the previous work. In a future
publication, we will discuss the spectral and color proper-
ties of atmospheres with these new cloud models.

Figure 6b presents the cloud model applied to a T dwarfÈ
like atmosphere with K, which is again too warmTeff \ 900
for water to condense. (No iron cloud is shown in Figures
6b and 6c because the cloud base is below the bottom of the
model domain.) Although the silicate cloud and the omitted
iron cloud may be important to the atmospheric tem-
perature structure, they no longer represent signiÐcant
opacity sources to an observer.

The changing role of cloud opacity with e†ective tem-
perature is more clearly shown in Figure 7, which illustrates
the brightness temperature spectra of several radiative-
equilibrium models for brown dwarf atmospheres as well as
the atmospheric temperature range over which most of the
cloud opacity is found. In a model with K (Fig.Teff \ 1800
7a), the silicate cloud deck forms in the model stratosphere
and is relatively thin. Comparison of the solid and dotted
curves, which, respectively, include and exclude silicate and
iron cloud opacities, shows little di†erence between the two
cases. Since the cloud optical depth is only a few tenths, Ñux
is efficiently transported from levels deeper than the base of
the cloud. The iron cloud (not shown) adds a few more
tenths of optical depth. Hence, the clear and cloudy models
are very similar. Such a model would be appropriate for an
early-type L dwarf.

Figure 7b shows the results for a cooler atmosphere, with

FIG. 7.ÈBrightness temperature as a function of wavelength for atmo-
sphere models calculated self-consistently (Marley et al. 2001) to include
(solid) or exclude (dotted) silicate and iron clouds. Brightness temperature
increases downward to indicate increasing depth in the atmosphere.
Clouds are calculated using the baseline model parameters. The solid
straight line indicates the base of the silicate cloud, the dashed line denotes
the level in the atmosphere at which column extinction optical depth
reaches 0.1, and shading depicts the decrease in cloud extinction with
altitude. Since cloud particle radius exceeds 10 km in these models, the Mie
extinction efficiency is not a strong function of wavelength over the range
shown. Shown are models characteristic of (a) an early-type L dwarf with

K, (b) a late-type L dwarf with K, and (c) a T dwarfTeff \ 1800 Teff \ 1400
with K. All atmosphere models are for solar composition andTeff \ 900
gravitational acceleration of 1000 m s~2, roughly appropriate for a 30
Jupiter-mass brown dwarf. Sodium and potassium lines, calculated using
the theory of Burrows, Marley, & Sharp (2000), are prominent in the
optical.

-6 -4 -2 0 2
log !c (g m-3)

2

1

0

-1

-2

-3

lo
g 

P 
(b

ar
)

a

Teff = 1500 K
g = 1000 m s-2

0 50 100 150
reff (µm)

Iron

Silicate

0 1000 2000 3000
T (K)

-6 -4 -2 0 2
log !c (g m-3)

2

1

0

-1

-2

-3

lo
g 

P 
(b

ar
)

-6 -4 -2 0 2
log !c (g m-3)

2

1

0

-1

-2

-3

b

Teff = 900 K
g = 1000 m s-2

0 50 100 150
reff (µm)

Silicate

0 1000 2000 3000
T (K)

-6 -4 -2 0 2
log !c (g m-3)

2

1

0

-1

-2

-3

-6 -4 -2 0 2
log !c (g m-3)

2

1

0

-1

-2

-3

c

Teff = 500 K
g = 100 m s-2

0 50 100 150
reff (µm)

Water

Silicate

0 1000 2000 3000
T (K)

-6 -4 -2 0 2
log !c (g m-3)

2

1

0

-1

-2

-3

1 2 3 4 5
2000

1500

1000

500

T(
K)

1 2 3 4 5
2000

1500

1000

500

T(
K)

1 2 3 4 5
2000

1500

1000

500

T(
K)

a

b

c

No. 2, 2001 PRECIPITATING CONDENSATION CLOUDS 881

FIG. 6.ÈProÐles of temperature (dotted curves) and condensate mass concentration from baseline model solid curves) in theoretical atmospheres of an(o
c
,

(a) L dwarf, (b) T dwarf, and (c) extrasolar giant planet. Droplet e†ective radii at cloud base are shown as horizontal bars. Well-mixed clouds are shown as
dashed curves. The theoretical temperature proÐles are calculated for cloud-free conditions.

al. 2000) employs an ““ astrophysical dust ÏÏ size distribution
of submicron particles to model dust opacity in such atmo-
spheres. The cloud model presented here, with larger par-
ticles conÐned to a discrete cloud deck, represents a
substantial departure from the previous work. In a future
publication, we will discuss the spectral and color proper-
ties of atmospheres with these new cloud models.
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Cloud condensation model from 
Ackerman & Marley (2001) for a generic 
extrasolar giant planet.  Thus far the 
possible presence of clouds in exoplanet 
atmospheres has been largely ignored.  The 
presence of clouds and the uniformity of 
their distribution can significantly change 
the predicted flux from the planet as a 
function of wavelength and orbital phase. 


