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FIG. 6. The maximum to minimum geometric albedo variation (expressed as a percentage difference) for blue (solid line) and yellow (dotted
line) plotted against the period of production variation for y = 2 of (a) the conventional model and (b) the revised model. For the conventional
model, the blue variations steadily converge to the y = 2 steady-state prediction (the ashed line), but the yellow albedo variation overshoots
the steady-state prediction (the dot—dashed line) and then converges. The phase delay \ crsus production period is shown for (¢) the conventional
model and (d) the revised model. The step-like appearance of the curves in (d) is a sampling effect.

reported relationship between laboratory haze absorption
and its N to C ratio (Scattergood et al. 1988). This conflict
illustrates the difficulties of determining the seasonal vari-
ations of haze absorption.

Another group of factors which are involved in de-
termining the haze structure are atmospheric properties

such as circulation. Atmospheric circulation variations
affect haze distribution and the optical depth profile
through haze transport. Evidence for the role of circula-
tion in producing the hemispheric brightness asymmetry
and the geometric albedo variations was the sharp edge
of the contrast at the equator (Smith er al. 1981). Although
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FIG. 7. The optical depth plotted against the haze particle effective radius for (a) the time-dependent conventional, (b) the steady-state
conventional, (c) the time-dependent revised models, and (d) the steady-state revised models are shown for the maximum (solid) and minimum
(dotted) yellow geometric albedo. In the time-dependent models, the particle size variations near optical depth unity were larger for the conventional

model.

detailed modeling of the seasonal haze variations from
atmospheric circulation has yet to be accomplished, there
has been some work on the potential role of circulation.
Flasar and Conrath (1990) suggested that seasonal varia-
tions of stratospheric circulation exhibit a phase delay of
approximately +90°, if atmospheric properties are deter-
mined by a combination of radiative equilibrium and cy-
clostrophic dynamics. Their argument was based on ob-

servations of latitudinal variations of the atmospheric
temperature structure (Flasar er al. 1981, and Flasar and
Conrath 1990). The albedo effects of vertical advection
from an upwelling wind were investigated in the revised
model by Toon et al. (1992). Their results predict a de-
crease of the visible albedo with upwelling. Interestingly,
upwelling in the darker spring hemisphere is consistent
with the Voyager observations, and the +90° out of phase
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thermally indirect pole to pole cell in Flasar and Conrath
(1990).

Time variation of the circulation can also effect the
atmospheric thermal structure. Thermal structure varia-
tion might affect the haze and geometric albedo by altering
haze microphysical processes and haze material composi-
tion. The former source of albedo variation is believed
to be negligible. The latter is uncertain, because of the
difficulties associated with determining haze composition.

Determining factors which control the geometric albedo
will have to await more sophisticated modeling, labora-
tory research, and observations. To determine possible
variation of haze composition, the construction of more
complicated photochemical models is needed. The new
photochemical models should include heavier organic
compounds and the temporal variation of solar flux. An
alternative method for exploring haze compositional vari-
ations is laboratory study. Such research has the potential
to reveal aspects of haze composition which may be unat-
tainable by photochemical models (Courtin er al. 1991).
For evaluating the possible role of circulation, the present
one-dimensional modeling is insufficient, because of the
difficulties dealing with transport from atmospheric circu-
lation (Toon et al. 1992). A two-dimensional haze model
with dynamics is part of the solution to these difficulties
which we will pursue in future work.

CONCLUSIONS

We have attempted to simulate amplitude and phase of
the observed blue and yellow geometric albedo variations
of Titan by using the conventional and revised versions
of the Titan haze model from Toon et al. (1992). We draw
the following conclusions from our calculations.

1. Steady-state calculations suggest a variation of the
haze production rate between a factor of two and four is
enough to cause the observed geometric albedo varia-
tions. However, our Titan haze model with a smoothly
varying haze production rate produces a much smaller
magnitude of albedo variations with the same variation
in production rate This reduction in response is because
the average haze time scale is much longer than the sea-
sonal periodicity and prevents the required changes in the
haze mass column density and particle sizes.

2. Alternate functional forms for the production which
invoked discontinuous production changes and larger pro-
duction rate variations did not improve the fit to observa-
tions. Changing model parameters did increase the size
of the computed albedo variations, but the correct phase
response of the albedo was not simultaneously produced.
The increased albedo variation was accomplished by rai-
sing the upper rainout boundary, increasing the haze mass
column production rate, and increasing the size of the
production variations. These changes may be unphysical
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because they imply that rainout is occurring well into the
stratosphere.

3. A consequence of the long haze time scales is a
phase lag between the time variation of the albedo and
production. The value of the produced phase difference
can agree with observations (Sromovsky et al. 1981), but
it is sensitive to model parameters. The model parameter
values that produced the best agreement with the size and
spectral dependence of the geometric albedo variations
did not yield the correct phase delay. Hence, models
which only use variations of mass production rate to ex-
plain the albedo variations appear not to work.

Other time-varying factors such as haze composition
and atmospheric circulation could be used to explain the
observed geometric albedo variations. The difficulty re-
mains to evaluate the time variations of these other factors
and what are the induced geometric albedo variations. The
determination of a possible +90° phase delay between
seasonal forcing and atmospheric circulation variations
(Flasar and Conrath 1990) and the possible effect of verti-
cal advection on the visible geometric albedo (Toon et al.
1992) are motivations to explore the effects of atmospheric
circulation on the haze and the geometric albedo. To ac-
complish such a study, more sophisticated models of Ti-
tan’s atmospheric circulation and haze are being con-
structed.
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APPENDIX II

Variations in the Geometric Albedo

of Titan
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At 0.47 pm and 0.55 pm, the geometric albedo of Titan has been ob-
served to vary over the past two decades (Lockwood 1977 and Lockwood et
al. 1986). Variations in atmospheric reflectance are used to explain these
observations, and are postulated to be determined by the haze layer in the
atmosphere (Sromovsky et al. 1981), because the haze layer has a global
extent and is optically thick in the visible (Pollack et al. 1980). Therefore,
variations in the haze layer are believed to cause the observed variations in

the geometric albedo.

Two controls on the haze layer are examined for the source of the ob-
served variations. Each examination consists of two parts: time simulations
of the haze layer, and comparisons between the predicted reflectances and
the observations. The first part simulates the haze layer by using an aerosol
model. The comparison test is accomplished by radiative transfer calcula-
tions of the results from haze simulations (Toon et al. 1989). Production of
the haze layer is one control on the haze layer and is examined with an aerosol
model which has been applied to Titan (Toon et al. 1992). The circulation
of the atmosphere is the second control which produces the haze variations.
The control from the circulation is examined by an aerosol model which is

two dimensional. A two dimensional model is constructed to accomplish the
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second examination, because the existing model is inadequate. A wind field is
derived to represent the circulation in the atmosphere and induces variation

in the haze layer.

The circulation of the atmosphere is determined to be a better source
of the observations of the geometric albedo and the hemispheric brightness
for two reasons. The variations in the production rate produced only the
size of the observed variations. The variations in the circulation matched the
size and the temporal variations of the observations. The circulation source
was also considered the better source of the observed variation, because the
observations were not reproduced by using model parameters which may be

physically implausible.

The conclusion on the source for the observations does have reserva-
tions. Problems were indicated, because our simulations of the hemispheric
brightness contrast were poor. The representation of the circulation is most
likely the cause of this failure. Our representation of the circulation was an
extreme simplification of the actual circulation, because derived wind field
was one large cell for the entire stratosphere and did not include small scale
processes (Flasar et al. 1981 and Flasar and Conrath 1990). The wind field
for the haze model also derived with several assumptions which are probably

not true for Titan.



