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Introduction dressing conductive energy transfer [13]. The fully time de-
Si the di fs ¢ th ; fl pendent radiative transfer equation and heat transfer equation
ince the discovery of SOfrost on the surface of lo, are solved numerically and simultaneously with XPP, a differ-

[1,2,3] scientists have su_pposed that lo must also possess an,rial equation solving software package, using the CVODE
SO; atmosphere, and various models for that atmosphere ha\lesolving routine. The equations are solved with a uniform time

been advanced. [4,5] Observations of the lonian atmOSpherestep and non-linear spatial grid for a slab of regolith approxi-

.[6‘7] di.d not agree with the models’ predi_ctions, hawever. The mately 1.5 meters thick. The time step is set by the user, butwe
inconsistency is that the measured daytime temperatures of Iotypically used 0.004 lo rotational periods. The user defines the

are :'gh eanUQh th%tl.we wou_lolldgxpect the W|<i)?s%read SS% physical parameters of the medium such as its density, conduc-
on the shur acesto iu imate, y'ﬁ Ing s relgst:)na y _enI%ﬁ tivity, thermal inertia, and albedo. We ran three classes of lo

ar:mosp ere.b uc :nga;mlcc))spMere should have optica efeﬁtsmodels: single layer, two layer, and three layer. In multi-layer

that are not O, served [8,9,10]. oreove_r,_mee_lsurements_ 0_t ©models, the user defines the physical properties of each layer
density of |O5S atT)osphere show that it is th'r_] and ballistic. independently, as well as each layer’s thickness. All models
(6_' 10 x 10 cm ) [7]. R_esearchers have tried to addrgss presented in this work assume a solar input appropriate for the
this problem with more refined thermal models of the lonian ¢ - Jupiter face of lo. Physical parameters are taken from

su_rface [8’1f1]' Somef modﬁls ha\lle Iogked toyvarl%the possible the analyses of Voyager observations of lo and Earth based
existence of near surface thermal gradients (“solid state green'observations.[15-18]

house effect") as a way to keep lo’s surface sufficiently cold Single Layer Models: Single layer models were run assum-

despite the d_ally so!ar heat input. . . ing the the average physical parameters used by Kerton et al.
The possible existence of temperature gradients in the near.quits are shown in figures 1 and 2. Maximum daytime tem-

surface layers pf airless bOd'.eS. IS notanewldea [|.e._ 12]. With- peratures with this model are somewhat too high to agree with
.OUt atmospheric gases, radlat[ve_trangfer ina r_egollth becomesatmospheric observations, and no large near-surface tempera-
important, both between regolithic grains and into space from ture gradient is seen. The calculated curves in figure 1 also
hear s_ubsurface layers. Thus, vyhen we observe the thermaldo not agree with certain observations of 10’s physical surface
emission from the surface of an airless planet we may actually composition [18]. This indicates that a I0's regolith cannot be
be seeing IR energy that is escaping from the warmer SUbsur'described by a single thick uniform layer

face layers, and we may deduce a surface temperature that isy, | 5ver Models: A variety of two layer models were run

in gctuallty t_o_o high. Thls_eff_ect can be enhan_cgd if the ma- with varying physical properties; all possessed a "fluffy” highly
terial comprising the regolith is translucent to visible or short underdense low thermal inertia $@yer over a subsurface
wavelength energy, b.Ut opaque fo the IR, like Show or IToSt layer of either more dense S@rost or "average" lo materi-
K(?rton etal. [1.1] published amod_el O.f heaF transfer in$0 als [16]. Sample results are also presented in figures 1 and
lo’s surface which concluded that if this solid state greenhouse 2. This model's results agree better with certain observations
effect is take? into account, rlzaxmun;l daytlrr|1e_ suk:facs tem- 4181 The introduction of a second layer, however, steepens
peratures on 0 can remain cold enoug t_o explainthe observe the near surface temperature gradient, and slightly decreases
atmpshere. Specifically, maximum daytime temperatures cal- the actual surface temperature

culated from this model are approximately 104 K, which leads Three Layer Models: Various three layer models were also
to a ballistic atmosphere consistent with the upper limit of that run, all of which possessed a low thermal inertia,3&yer at
observed by the Hubble Space Telescope [7]. The Kerton et the’top. Figures 1 and 2 show a three layer model with a 0.5

SI. (rjnode_l d(l)eds nﬁt acf(fzount efxlpllcnlyhfor rad(ljatlve traf?sfer,f mm "fluffy" layer overlying a 1 mm layer of more dense $O
ut does include the effects of latent heat and vapor flow o frost, overlying a denser layer of "average lo" materials [16].

gaseous Sethrough porous S@ice as \(vell as planetary rota- . Results are qualitatively similar to the two layer results, but the

tion. The Kerton et al. treatment was incomplete, however, in maximum daytime surface temperature is lower 05K vs

that they treated th? ab_sorpt?on length in the re_golith as a_fr_ee 109K for the 2 layer model) and the near surface temperature

%egr?]rlitﬁgczr]tzr\r?ar(l,?:tgr:nt;:;\?v(ae\fcjrlctlﬁzt;;sglreIt(ij:r? Iznmlﬂl-in gradient is less than that of the two layer model. Though the
P : ’ P 9 subsurface character of lo is unknown, the three layer model

any given medium is not a free_ paramgter, but is determme_d represents a physically reasonable model of frost deposited
by the known albedo of the medium. This study addresses this over other regolith materials

problem and expands on the work of Kerton et al. by applying
the heat transfer model of Hapke [13] and Snyder Hale and Implications, Discussion and Future Work
Hapke [14] to SQ fields on lo.
We have demonstrated that physically reasonable models
of ionian SQ frost fields yield surface tempertaures that are
The Hapke model explicitly includes radiative transfer low enough to be consistent with observations of the ionian
within the regolith both in the visible and IR, while also ad- atmosphere. Absorption lengths that are inconsistent with the

The Model and Calculations
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Figure 1: Sample profiles of surface temperature versus time
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measured albedo need not be postulated. Physically, our model
implies that the actual surface of lo may be colder than previ-
ously thought, and that near surface temperture gradients may
be present. This model is consistent with observations of 1o
and makes no unreasonable assumptions about the character
of its surface, though it should be noted that it does not ad-
dress the physics of SGsublimation, such as latent heat or
diffusion of SGQ gas through an ice matrix. In the future we
plan to include heat and visible radiation input from jovian
thermal emission and reflected sunlight. We also plan to fur-
ther explore diffusion processes, as our calculations show that
the ionian subsurface may still be hot enough for, $®sub-

lime. Presumably S©gas diffusing upward through a cold
ice matrix will recondense onto that cold matrix, but further
exploration is warranted.
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