Introduction 107®* W em=2 sr! cm~'from 300 cnt! to 1400 cnT?;

The roles of aerosols in the Mars atmosphere and cli- 6 x 107* Wcm™ sr' cm~'at 250 cnT'; 4 x 107°
mate are fundamental on several levels. Even prior to W cm~ sr! cm™*at 1450 cm''; linear interpolation

the seminal Mariner 9 mission, radiative forcing from used for 250-300 cm' and 1450-1600 cm' ranges)
atmospheric dust solar absorption and thermal emissionadded in quadrature with a background radiance uncer-
was recognized as a primary factor in the thermal struc- tainty (1 x 10-* W em=2 sr* cm™?).

ture of the global Mars atmosphere [7]. Mariner 9 and

Viking observations during the intense global dust storm

seasons of 1971 and 1977 identified the strong, vertically Some Numerical Details

deep, and very abrupt forcing on global circulation asso-
ciated with perihelion dust storm activity [16, 9]. It has

also been proposed that the non-linear microphysics of oyr model-data comparisons employ a modified version
dust-ice aerosol interactions plays an active role in the of qoupling-adding radiative transfer code described by
latitudinal and annual variations of aerosol and water [4], which itself was adapted bglancy et alfrom the
vapor dlstrlbutlorjs and thelr_ cross-her.mspherlc.trans— terrestial atmospheric modeling code of [8]. Our pri-
port [S]. Of key importance in addressing such issues mary modifications include the option to include molec-
is the seasonally/spatially vanat_)le ae_rosol composition |5y opacity via a correlated-k algorithm (e.g., [10]), as
(ice and dust components), particle sizes and shapes. Ayg|| as the ability to easily use arbitrary surface emissiv-
combination of recentimprovements in numerical meth- ity spectra and aerosol dielectric functions. The atmo-
ods and hardware performance with the dataset retumnedspneric vertical structure is specified with a resolution

by the Mars Global Surveyor Thermal Emission Spec- of 2 km for altitudes of 0-20 km, and of 5 km for 20-60
trometer (TES) have finally made the investigation of |,

these parameters reasonably tractable. This presenta-

tion focusses on the specific aspect of particle size and

shape, although only details of the former are presentedDielectric Function
in this abstract.

IR Radiative Transfer

We consider only two basic aerosol materials: water
ice and “dust.” The dielectric function for the former
Data is taken directly from the work of Warren and collab-

orators ([15]; see also ftp://climate.gsfc.nasa.gov/pub/-
The TES IR spectral data analyzed here are taken fromwiscombe/Refrartndex/lCE/). For dust, we adopted

the so-called “emission phase function” (EPF) sequences, . ; ; ; ;
: . : 3 . a dielectric function that is a synthesis of recent work
Details of this type of observation are given in ([6] and in the optical and thermal IR ([4] and references within;

references within. In essence, a specific location on the : o
surface is observed at various emission angles as the\[;iﬁ’] lﬁf’ééﬁi]é;i'oﬂznrﬁggépdeurfi?]nilh%ogmig'g?gz?’iﬁ\?gsl_)
spacecraft passes over it. The sampling scheme of thessi. tion. See Fiqure 1 9
data is such that one can, in principle, obtain additional Igation. 9 '
leverage on both surface and atmospheric properties rel-
e_ttive to tha; from_ nadir data. However,_the combina- Nadir Surface Emissivity
tion of pointing drift (e.g., [2]) and non-uniform surface
emissivity (i.e., emission phase function is not Lamber- The surface of Mars has a distinctly non-unit surface
tian) provide sufficient motivation to confine our analy- emissivity over the TES spectral region (e.g., [1]). Con-
ses to the nadir observations. sequently, efforts to retrieve atmospheric particle prop-
A description of the TES instrument and its calibra- erties may be significantly biased without an accurate
tion characteristics may be found in numerous recent representation of this important surface property. We
publications. The interested reader is referred to re- use a nadir surface emissivity map kindly constructed for
cent report of [3], where a very complete description us by J. Bandfield, based upon his work cited above. The
of TES and its data products is given. For our pur- data set used in the map product was taken in 10'cm
poses, it is sufficient to indicate that our spectra are sampling mode avoided the use of any observations con-
a coaddition of all six detectors for each integration taining detectable amounts of water ice. The data were
(i.e., ICK). Error propagation includes theoslNoise corrected for dust aerosol and coadded spatially into
Equivalent Radiance values for a single detectar 1°x1° bins. The spectra are clipped spectrally below 250
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cm~! (poor signal-to-noise), above 1300 cin(prob-
lems with atmospheric correction, and to a lesser extent,
poor signal-to-noise), and 510-820ch{main CQ fea-
ture). H.O vapor and minor/isotopic C{bands remain
inthe maps, though the former contribution is minimized
due to the temporal and spatial variability®fO vapor
abundances (e.g., [11]).

Results

The results of our retrievals are presented in Tables 1-
3. The assignment of observations to a particular type
(e.g., dust, Type 1 ice, Type 2 ice) is based upon a
classification using the TES solar band EPF data [6].
The uncertainties in retrieved optical depths (at the ref-
erence wavenumbers of 1075 thhand 825 cm' for

dust and ice, respectively) are generally 0.02-0.03. The
uncertainties for the particle sizes are dependent upon
the total column of the relevant aerosol component as
well as the size itself. The TES data are most sensitive
to changes in the dust sizes, where one fings with

+0.3 — 0.4 (for 744st,1075> 0.2). The situation for ice is
less favorable, though one is able to delineate between
the two types of ice particles found from analysis of the
TES solar band data [6]. Féf.,s25> 0.4, onefinds, ;¢

with (£0.6 — 0.7); for ri..,s25 below this level, it is much
more dependent upon the retrieved size, with the Type 1
ice being typically constrained to 1.0-2u81 and Type
210 2.5-4.Qum.
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Figure 1. Comparison of the imaginary part) of the adopted complex indices of refractiam (= n + ik = +/€) to those of the

SIZE AND SHAPE OF MARTIAN AEROSOLS: Wolff and Clancy
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components used as initial values. The “palagonite” material is that published by [4].

Table 1. Modeled TES Data - “Dust”

1600

TES Team This Work
ock ick Ls emis long lat T4 Ti Tourf Psurf T4 Ti Tourf Teffd Teffi Comments
) ) ®) ®) (K) (mb) (K)  (pm)  (um)
3631 1803 1882 0.6 1734 5.9 0.16 0.04 280 6.9 0.21 0.04 220 1.8 1.6
4242 1630 218.1 45 21.7 -11.8 0.25 -0.01 294 6.8 0.39 0.00 296 1.6
4279 1779 2199 0.6 2.7 3.4 0.21 0.01 284 6.6 0.32 0.02 285 1.6 1.6
4353 2079 2237 06 3253 34.0 019 0.08 237 6.4 0.25 0.04 239 1.5 1.6
4457 2774 229.0 0.6 536 -30.1 0.46 -0.02 290 5.4 0.68 0.00 292 1.9
4545 1240 2335 4.0 49.0 -51.6 0.49 0.00 273 7.8 0.72 0.00 275 1.6 --
4712 3029 2422 06 159.6 18.7 051 0.01 256 8.8 0.71 0.02 258 1.5 1.6
5404 1306 2779 06 1594 -449 0.12 0.01 300 4.8 0.16 0.02 300 15 1.6
5451 1161 280.2 0.6 61.4 -59.7 0.11 0.01 292 5.7 0.13 0.00 293 15..
6188 1893 316.3 0.6 288.2 9.4 0.09 0.02 295 4.9 0.13 0.00 295 15..
6392 1893 3257 0.6 8.1 15.0 0.23 0.02 272 6.8 0.34 0.02 273 1.6---
7847 2340 25.9 0.6 2648 60.1 0.15 0.04 239 8.5 0.19 0.05 240 15 1.6
8241 2079 405 0.6 18.7 336 0.20 0.04 270 8.7 0.25 0.04 272 1.5 1.6
8381 1452 457 0.6 58.1 -29.9 0.07 0.04 244 51 0.11 0.03 244 1.5 1.6
11841 2041 179.1 06 1714 299 0.09 0.02 274 7.2 0.17 0.02 275 1.6 1.6
11931 2041 1832 06 2304 299 0.14 o0.01 272 7.6 0.23 0.01 273 1.7 1.6
12021 2031 1875 0.6 2895 301 0.75 -0.01 245 5.1 0.94 0.04 247 1.4 1.6 1
12039 1374 1883 0.6 758 -38.1 0.14 0.00 274 3.6 0.26 0.00 275 2.1 -
12051 1452 1889 0.6 60.9 -30.1 0.24 0.00 276 4.2 0.35 0.00 277 1.9-.
12059 1520 189.2 0.6 291.1 -228 1.22 0.12 244 5.7 1.59 0.04 246 2.4 1.6
12062 1814 1894 0.6 21.1 6.8 0.47 -0.01 273 6.6 0.66 0.00 274 18-
12148 1599 1935 06 3225 -148 1.23 0.01 266 4.0 1.68 0.00 269 20--
12157 2041 1939 0.6 2265 299 059 -0.02 252 7.7 0.81 0.00 253 1.4..
12322 2041 2019 06 2745 30.2 112 O0.11 231 7.4 1.46 0.07 232 1.7 1.6 2
12397 2041 2056 06 2636 30.2 1.00 -0.03 231 8.1 1.79 0.00 234 1.6--
12412 2031 2063 0.6 3333 299 1.00 -0.07 230 6.3 1.61 0.05 232 1.3 1.6 2,3
12463 1599 2089 0.6 3485 -149 201 -0.07 253 5.1 2.49 0.00 257 1.7 -.
12700 1452 2207 0.6 2973 -28.2 2.09 -0.03 250 7.3 245 0.03 253 1.7 1.6 2

Comments: 1 v.5¢=0.2; 2 - TES optical depths flagged as “questionable”p3;7=0.1.
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Table 2. Modeled TES Data - “Ice Type 1"

TES Team This Work
ock ick Ls emis long lat T4 Ti Tourf Psurf T4 Ti Tourf Teffd Teffi Comments
) ) *) ) (K) (mb) K (pm)  (pm)
1813 1831 1121 06 3276 -23 0.07 0.06 266 4.3 0.08 0.08 266 1.5 1.5
2070 1597 1219 0.6 1239 -152 0.04 0.09 249 2.4 0.04 0.12 248 1.5 15
2407 1683 135.1 0.6 53.5 -6.8 011 0.17 265 3.9 0.06 0.25 267 1.5 2.0
2469 1977 1376 0.6 32.6 23,5 0.07 0.04 282 6.9 0.12 0.04 283 1.5 15
2515 1683 1394 0.6 2657 -6.3 0.09 0.12 271 4.2 0.05 0.11 271 1.5 1.5
2610 1595 143.3 0.6 1044 -151 0.02 0.05 257 25 0.05 0.09 258 1.5 1.6
4353 2081 2237 0.6 3253 34.0 0.19 0.08 237 6.4 0.21 0.05 238 1.5 1.7
7337 1452 6.0 0.6 51.7 -29.8 0.14 0.04 267 5.1 0.15 0.04 267 1.5 1.6
7805 1452 24.3 0.6 1284 -299 0.02 0.03 249 4.4 0.05 0.06 250 1.5 1.8
8549 1520 51.7 0.6 1889 -23.1 0.04 0.04 243 5.1 0.06 0.05 244 1.5 15
8598 1599 53.5 0.6 1529 -146 0.05 0.08 253 5.3 0.08 0.11 255 1.5 15
8876 1929 63.5 0.6 196.7 18.6 0.07 0.07 265 7.1 0.04 0.10 266 1.5 2.0
9162 1599 73.7 0.6 101.3 -148 0.03 0.08 242 2.8 0.02 0.10 242 1.5 15
9437 1479 835 0.6 540 -274 0.02 0.04 237 5.1 0.05 0.06 237 1.5 1.5
9818 1746 97.3 0.6 168.4 0.0 0.11 0.13 260 7.1 0.08 0.15 260 1.5 1.9
9929 1599 101.3 0.6 1052 -153 0.07 0.11 241 2.8 0.08 0.15 242 1.5 1.5
Table 3. Modeled TES Data - “Ice Type 2”
TES Team This Work
ock ick Ls emis long lat T4 T Tourf  Psurf T4 Ti Tourf Teffd Teffi Comments
() ) ®) ) (K) (mb) (K)  (pm)  (um)
1886 1831 1149 0.6 2599 146 0.11 0.14 265 6.7 0.09 0.23 268 1.5 3.2
2038 1831 120.7 06 291.2 10.8 0.09 0.17 282 4.0 0.03 0.28 285 1.5 3.3
2056 1831 1214 0.6 86.1 6.9 0.15 0.27 263 4.4 0.06 0.39 265 15 3.0
2345 1831 1326 0.6 81.0 12.6 0.08 0.18 271 4.9 0.05 0.25 273 1.5 3.0
2420 1830 1356 0.6 37.2 0.6 0.15 0.32 268 4.6 0.03 0.52 272 15 3.2 1
2434 2125 136.2 06 1129 38.7 0.13 0.40 267 2.6 0.03 0.54 270 15 1.8 1
2516 1830 1395 06 2963 87 0.08 0.12 285 3.9 0.06 0.18 287 1.5 3.2
8155 1780 37.4 4.5 72.6 35 010 0.16 272 4.8 0.04 0.21 274 1.5 1.8
8180 1893 38.3 0.6 69.8 151 0.13 0.11 274 5.7 0.11 0.19 276 1.5 3.0
8900 1929 64.3 0.6 1639 185 0.12 0.11 266 8.2 0.07 0.15 272 1.5 25
8959 1814 66.4 0.6 51.7 7.0 0.09 0.15 259 5.9 0.06 0.23 262 1.5 3.0
8960 1962 66.5 0.6 82.3 22.0 0.09 0.12 270 5.7 0.06 0.20 273 15 3.0
8986 2190 67.4 0.6 1104 45.1 0.12 0.25 262 3.6 0.03 0.34 264 1.5 25 1
9391 1746 81.9 0.6 1805 00 0.09 0.12 260 7.0 0.10 0.21 263 15 3.1
9699 1893 929 0.7 2.4 14.8 0.09 0.12 268 6.3 0.08 0.21 270 1.5 3.4
10560 1746 1251 06 1813 0.1 0.10 0.12 267 6.2 0.10 0.17 268 1.5 3.0
10649 1962 1285 0.6 2140 219 0.18 0.38 270 4.1 0.06 0.51 273 1.5 3.3
10740 1746 1321 06 2984 0.3 0.09 0.16 276 3.8 0.05 0.26 278 15 3.4

Comments: 1 - TES optical depths flagged as “questionable”.



