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Introduction: The SELENE Spectral Profiler (SP)
acquired lunar visible to NIR spectral data at a spatial
resolution of 500 m [1]. Photometric correction by an
adequate phase curve is crucial for detailed analysis of
the spectra. Many researchers (e.g., [2-7]) have inves-
tigated photometric correction of lunar data, but exten-
sive study of wavelength coverage, geology depend-
ence, and applicability for high-latitude regions,
namely, observation at large incidence and phase an-
gles, is still important.

Preliminary results of the lunar phase curve derived
from SP data were reported in [8]. However, the target
area was limited to a portion in the highlands, and re-
gional material variation in that area was assumed to
be negligible. Here we report refined results of the
phase curves derived from SP data.

Model: Ideally, multiple observations in various
geometry conditions are necessary to simultaneously
decide all photometric parameters in a detailed model
such as the Hapke model [9]. However, it is difficult to
observe the entire lunar surface at various geometric
conditions. Thus, an alternative empirical function is
required. In this study, we followed the model of McE-
wen et al. [2, 3], which was proposed for Clementine
photometric correction. The model function can be
summarized as

r(Asi,e,a)= AX,(i,e,a)f (1) (1)
where i is incidence angle, e is emission angle, a is
phase angle, » is the observed reflectance at wave-
length A and geometry (i,e,a), Xy is the Lunar-Lambert
function for i- and e-dependence, f{a) is the phase
function, and A4 is a constant that depends on albedo.
We set the empirical coefficients in the Lunar-Lambert
function the same as in [3].

For the phase function, we employed the following
equations:
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PHG(a:gl):(l_glz)/(1+glz_Zglcosa)/ , )
where &, By, ¢, and g, are parameters determined by
fitting to a dataset. Eq. (3) is the same as the shadow-
hiding opposition effect (SHOE) function in the Hapke

model. To describe function P, we chose a combina-
tion of two-term Henyey-Greenstein (2tHG) functions
puc(a,gr) (e.g. [10]). We chose it instead of the three-
term HG function in [3], due to the limited phase-angle
range in the SP observation. The parameters of the
2tHG can be converted into those of the 3tHG using
gl =-g2and F = (1+ ¢)/2.

The photometric correction to the standard viewing
geometry (30°, 0°, 30°) is expressed as
X,(30,0,30) £(30°)

X, (iex) fla) ) (6)

Data and Method: We used nearly 7000 orbits of
SP data. One orbit contains over 10,000 spectra. The
raw DN was converted to the radiance factor (RADF)
by the procedures prepared for public release of SP
data [11]. Since the radiometric calibration for longer
wavelengths exceeding 1.6 um remains incomplete, we
use only the data at wavelengths shorter than 1645nm.

Albedo Classification. To derive f{a) from the ob-
servation, we needed a dataset that consist of relatively
uniform albedo. To collect such data, we made a refer-
ence map by the SP 753nm band. Yokota et al. [6]
demonstrated that the 750nm band phase curve of [3]
can properly correct both highland and mare data at
a=20-40°. We applied this phase curve to the SP
753nm band data in this phase angle range and made a
reflectance map (Fig. 1) from the average in 1°x1°
resolution tiles. The tentative albedo sub-group was
defined as rp,.=ry,~[(1+0.015) /(1-0.015)]"Vxry ,,
where 7., is the lower boundary reflectance of sub-
group #n, and ry, is the upper boundary reflectance of
sub-group #n. We set 1. ;= 0.04, then all boundaries
were defined systematically.

We excluded the tiles with a high (>0.1) o/7aerage
ratio. The distribution of groups for useful tiles thus
became as depicted in Fig. 1. We defined the com-
bined sub-groups #1 to #21 as the "Low albedo group"
and the combined sub-groups #22 to #45 as the "High
albedo group."

Filtering. Radiance factor data derived from those
regions were divided by the Xi function. The observa-
tion geometry was calculated assuming that the Moon
is a simple globe. We decided that the application of
detailed topography data is a future issue. Alterna-
tively, to statistically select the horizontal surface, we

o (30°,0°,30°) = 1, (i, e, )

2532.pdf



41st Lunar and Planetary Science Conference (2010)

introduced multi-stage filtering by a kind of median
filter in each phase angle bin of 1° width [8].

Each sub-group data were normalized by the aver-
age of a=29.5-30.5°. The data were then merged into
the low albedo group and the high albedo group.

Results and Discussion: Fig. 2 depicts the normal-
ized phase curve plot at two representative bands. The
observed phase curve plots were successfully derived
from the SP data. Fitted curves are also shown in Fig.
4. Since the assessment of the coherent backscatter
opposition effect is a difficult topic (e.g. [12, 13]), the
data at a<5° were excluded from the fitting.

At large phase angle (a> ~80°), the observed data
rapidly decreases with phase angle. This trend is diffi-
cult to describe by the 2tHG function. Thus, the data at
o>75° were also excluded from the fitting. This trend
is probably caused by the macroscopic roughness. We
decided to prepare the additional method to treat this
geometry range.

Fig. 3 shows the fitted parameters. Since the SHOE
is caused by the single scattering, it is expected that the
low albedo group exhibits steeper opposition surge
than the high albedo group. Since the McEwen model
does not treat single scattering and multiple scattering
separately, the difference of the SHOE between the
two albedo groups appears as the difference of B.
Additionally, The parameter B, shows negative corre-
lation with wavelength. This trend might be the reflec-
tion from the reddened feature of general lunar spec-
trum, that was caused by the space weathering.

The By plot of the low albedo group shows a curve
at ~1 um. This wavelength range corresponds to the
absorption bands of the mafic minerals those are abun-
dant in lunar mare. Other parameters of the low albedo
group also show curvatures at ~1 um. In the high al-
bedo group, the parameters %, g;, ¢ also show such
features. However, the variation is smaller than the
low albedo group.
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Fig. 1. Tentative albedo sub-groups. -Projection
method is Simple cylindrical. Left-most longitude is 0°
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Fig. 2. Phase curve plot. Offset 0.5 was added to the
high albedo group data. (a) 752.8 nm band. (b) 1547.8

nm band.
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Fig. 3. Wavelength vs. phase function parameters.
Error bars indicate fitting errors. (a) Parameter By. (b)
Parameter h. (c) Parameter g;. (d) Parameter c.



