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distribution (Eqn. 1) and is the maximum
possible for a given temperature (Fig. 1).
However, vibrations in the atomic
structure of most materials give rise to
discrete regions where the emissivity is
less than one (Fig. 2). Emissivity
therefore can be defined as the
fractional representation of the amount
of energy emitted from a surface at a
given temperature compared to the
energy from a blackbody at the same
temperature. These absorption bands
have been used to identify the
constituents of the emitting surface
whether in the laboratory, in the field,
from the air, or from orbit (Fig. 3).
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Figure 1. Thermal infrared (TIR) radiance curves of biackbodies
and a dacite snowing the Spectral absorptions at - 5.2 and 8.2
microns. If a surface is Composed of two materials having two
temperatures (40° C and 300° C), the resulting radiance no
longer folows Planck behavior (cuan vs. orange spectra). This
non-inearity resuts in errors to the retrieved emisswity
Spectrum because of the assumption of Panck benavior (Fig. 2)
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Figure 2. TR emission spectra retrievals of the dacite sample
(Fia. ). Isothermal sample (yelow) showing an accurate retrieval
with maximum emissivity values near unity and the correct
depth of the main absorption feature. Non-isothermal sample
(cyan) similar to the mixed Spectrum shown in Fig 1. Note the
lower than expected emissivity at longer wavelengtns. A simiar
emissivity depression can be caused by the "Planck Effect”,
wWhich resuits when the apparent emissivity is calculated by the
ratio of the Planck radiance integrated over a narrow band to a
broad band and normalizing to an emissivity of unity.
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Figure 3. Laboratory emissivity spectra derived from
isothermal mineral particulates (500 um). Quartz and oivine
have distinct absorption features that combine linearly if the
particulates are mixed (nere at 50% each). Assuming no other
compications (i, thermal mixing, different particie sizes, etc.)
inear deconvolution models can be applied to such mixed
spectra to derive mineral type and percentage [5].
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Figure 4. TR spectra of quartz acauired in hemispherical
emission using the approach of [4] and biconical reflectance
(taken from the JHU spectral fbrary). Although biconical
reflectance differs Sightly from emisswity (e, the benavior at
wavelengths prior to a large absorption bands), generally reflectance
can be converted to emissivity using KIrkoff's Law [z « 1 - Rl
However, most remote sensing sustems acquire emitted
radiance and therefore the interdependency of emissivity and
temperature must be considered.
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Figure 5. Grain size effects on emissivity spectra for quartz
particuiates (from [5]). The large bands at 1250, 775, and 500
wavenumber have a reduction in contrast witn decreasing
particle size because of the large absorption coefficient k()]
and therefore the dominance of specular reflection In these
regions. Increased contrast occurs at 900, 725, and 625
wavenumber, where volume scattering dominates due to the
low k(1) value:
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Figure 6. Thermal inertia images of the White Sands dune field
derived from the ASTER sensor [6]. Dau/nignt thermal infrared
and visie/short-wave infrared albedo data were used to
create the images. Thermal inertia was converted to soi
moisture using & numerical approximation. Accurate ground
temperature retrievals were highly dependant upon proper
Knowledge of the Variable emissity Of the ground surface.
Note the dramatic change in soll moisture values; the lower Soi
moisture seen in [B] preceded a large dust emission event by
several daus. [A] 27 April 2007. [8] 12 March 2008. Approximately
36 hours separated the day/night overpasses.

COMPLICATIONS:

The assumption of immutable emissivity
has been shown to be false for certain
situations and in fact may not be strictly
true for many remote measurements.
For example, surface  coatings,
temperature  gradients/mixing, and
particle-size variations (Fig. 5), (all
common in planetary applications)
dramatically ~ alter the emissivity
spectrum of common minerals.

More recently, micron-scale surface
roughness [7] and cavity radiation at
larger roughness scales [8] have also
been shown to decrease the contrast of
the emissivity features. This effect has
been used to model the percentage of
vesicles in extrusive/explosive volcanic
products (Figs. 7 & 8) and to understand
the importance of surface topography
using radiosity models (Figs. 9 & 10).
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Flgure 7. Effects of micron-scale roughness on TR emissivity
pectra (7). As the number and connectedness of surface
vesicles increases from finely vesicular pumice (FVP) to coarsely
Vesicuiar pumice (CVP), the emission increases linearly. Using a
deconvolution model With two end-members: obsidlan glass
(0BS) and blackbody, the percentage of vesicies in the two tupes
of pumice (coarse and fine) was accurately determined.

Figure 8. surface temperature and modeled surface
vesicularity changes derived from ASTER TIR data acauired in
March 2005. Note the reduction In surface vesicularity of the
pyroclastic flow deposit over the two-week period. [A]
Helicopter-based pnotograph of the 27 February 2005
purociastic flow deposit (taken by M. Ramsey on 25 August
2005). [B] 12 March 2005 vesicularity. [C] 28 March 2005
‘temperature. [D] 29 March 2005 vesicularity.
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Figure 8. Impact of surface topography on derived emi

[A] Norite rock with two driled holes. [B] Fiekd-based emis:
spectra of the rock using a TELOPS Inc. HgCdTe imagi
spectrometer (note the rectiction in spectral contrast of the holes).
[€] Micro digital elevation model (DEM) Of the rock's upper
surface. [D] Change In the derived emissivity due to the
blackboay effect can be calculated using a radiosity model

Figure 10. Effect of surface roughness on A (8L, [A] Change in

for alluvial (6), bedrock (&), and lava flow (4) surfaces.
Value Of ¢ used for the model calcuations was 0., T - 300K. [8]
Radiosity model of emissivity averaged over the Course of a day
for alluvial surfaces of different roughness in Deatn Valey. Note
different time step after sunset.

Figure ft. in-situ measurements of emissivity on molten basalt
in Kiauea, Hawail [0]. [A] Measurement device consisting of an
FTIR instrument mated to a hemispherical collector (Blectronics
are housed in the upper part). [B] Instrument prior to deplogment.
[C] spectra showing progressive decrease in emissivity at
longer wavelengths with increasing temperature either due to
the “Planck Effect” or a real change in emissivity with increasing
temperature. [D] Broadband emissivity of al spectral
measUrements versus temperature.
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Figure 12. Results from the in-situ meiting and laboratory
spectral acquisition of a synthetic glass mixture (AbSO + Qtz) [1l.
[A] With increasing temperature, the emissivity is depressed by
more than 35%. [8] The emissivity minimum position Shifts
early to longer wavelengths with temperature.
emissivity minimum value aiso follows a inear increase with
temperature unti reaching the iuidus temperature (~ 1350 °C).
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Figure 13: Diversity of the Arsia Mons (SW flank) flows [12]. [A]
THEMIS temperature image (107370003) with the locations and
sizes of four regions of interest (R0). ROl *2 and *4 were
extracted from the more rugged (cooler) flows, whereas ROl #1
and #4 were from the lower albedo SmOootNer FIOWS. Yelow boX
indicates the area snown in (8. [B] Full resolution CTX image
mosaic of the Arsia Mons flow field centered at 121.50°W, 22.13°S
showing the complex flow relationships and different flow
morphologies (ie, brignt/rugged and aark/smootn). [C] Spectra
Show a shorter wavelengtn absorption in ROl #3, *4, and 6
perhaps incicating a less mafic Composition. Note aiso the iong
Wavelength rop (dashed arrow), which indicates thermal mixing
at suopixel scales.
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