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Introduction:   Over nine years of mission opera-
tions since September 2009, the Lunar Reconnaissance
Orbiter Camera (LROC) Wide Angle Camera (WAC)
has acquired ~490,000 multispectral observations,  re-
sulting  in  a  significant  number  of  repeated  observa-
tions.  Especially in  the  northern  high  latitudes
(>50°N),  the WAC acquired  three  times of  forward-
pitch (up to 45°) observations [1] that extend the avail-
able phase angle range (to the lower values), resulting
in  more  accurate  photometric  solutions.  From  this
large WAC observation database, we derived a 7-color
(321-689 nm) mosaic of the north pole as well as the 7
band polar Hapke parameter maps [2]. 

In this new mosaic, a systematically decreasing re-
flectance was found on the equator-facing slopes [2].
Due to the lower incidence angles on these slopes rela-
tive to the horizontal surfaces, however, the photomet-
ric  artifact  may  cause  an  apparent  darkening  rather
than the albedo of the surface materials. Here we ex-
amined the photometry on the slopes and revealed that
the decreasing trend should be real. We also examined
the  north-polar  trend  of  reflectance  as  a  function  of
slope angle and slope azimuth.   

Methodology:  We used all the WAC observations
acquired  above  60°N from  January  2010  to  August
2017. The EDR 8-bit DN values of all the images were
radiometrically calibrated [3] to 32-bit radiance factor
(I/F) [4]. The latitude, longitude, incidence (i), emis-
sion (e), and phase (g) angles were computed using the
digital  terrain  model  (DTM) from the Lunar  Orbiter
Laser Altimeter (LOLA) and the Kaguya Terrain Cam-
era DTM [5,6] for each image pixel. To keep similar
pixel  scale  across  the wavelengths  (~400  m/pixel  in
UV bands; ~100 m/pixel in visible bands), we down-
sampled visible bands to match the pixel scale of the
UV bands. We also used the WAC north-polar color
mosaic  (>60°N)  [2]  to  examine  the  correlations  be-
tween the photometrically normalized  I/F (nI/F) and
the slopes. We selected the sampling box areas on the
slopes darker than the surroundings and the neighbor-
ing flat  surfaces  for  several  sampling sites. For each
sampling box area,  we calculated the Hapke parame-
ters (single scattering albedo w, phase function param-
eter b, and roughness parameter θ) [4] using the same
calculation scheme as described in [7].  We note that
the added angle variations  by the pitch observations
enabled this method.  

Results:  The plot of I/F vs i for the site 1 (inside
Froelich crater located at 80.0°N, 248.4°E; 57 km in

diameter) shows a clear offset between the slopes and
the  crater  floor  (Fig.1).  The  offset  in  high  i range
(>60°)  indicates  the  difference  in  albedo  or  macro-
scopic roughness. The derived Hapke parameters with
several calculation settings (Table.1) indicate that the
slope must have lower albedo to explain the I/F offset.
All the sampling sites show a similar result, suggesting
that  the  darker  slopes  are  due  to  their  lower  albedo
rather than the photometric artifact. 

Figure 1. The sampling box areas inside Froelich crater (sam-
pling site 1) in the  nI/F689nm mosaic (top) and the incidence
angle (i) vs I/F689nm plots (bottom) of the slope (red) and floor
(blue) areas. Error bars indicate the median with 1σ for each
1° bin. 

Table 1. Derived Hapke parameters for the site 1.

Sample Area w b θ
Slope 0.363 0.203 24.9
Floor 0.412 0.175 22.4
Slope 0.354 0.194 23.7 (fixed)
Floor 0.419 0.180 23.7 (fixed)
Slope 0.387 (fixed) 0.227 27.8
Floor 0.387 (fixed) 0.16 (limit) 17.1

1525.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)



The nI/F trend (from the north-polar color mosaic)
with x = minimum i and y = slope angle (Fig.2) indi-
cates that the  nI/F tends to increase both with  i and
slope angle. This suggests that the slopes facing to the
Sun become darker,  but  on the steep slopes possibly
more frequent slope failures occur that keep the sur-
face immature. The slopes over 25° have roughly the
constant  nI/F across  i from 30° to 90°, implying that
the nI/F change with i is not a residual of photometric
normalization. 

The nI/F map with x = relative slope azimuth and
y = slope angle (Fig.  3) indicates that the reflectance
decreases toward a center located at the azimuth = 0
(facing toward the equator, consistent trend found by
[8]) and the slope angle = 18-20°.  This trend is cor-
related  with  i and  consistent  with  Fig.2.  The  slopes
above 30° have null pixels and scatter in  nI/F values
due to the fewer data points. The low nI/F (~0.050) on
the flat  surfaces  (slope < 2°) gradually disappear to-
ward the pole, indicating that the reflectance on the flat
surfaces increases toward the pole (as seen in [2]). 

The  nI/F map with x = slope azimuth (non-rela-
tive)  and y = slope angle (Fig. 4 top) represents lower
nI/F in the azimuth below -40° relative to the other az-

imuth range (see Fig.4 bottom) in the slopes between
5° to 25°. This nI/F offset is up to 5-6% of the average
value, which is much smaller than the i-correlated low
reflectance (up to ~20%). The 90° in the azimuth cor-
responds to the direction of orbital motion. 

Discussion: One of the possible cause of the asym-
metric trend found in Fig. 4 could be the uneven inten-
sity of space weathering depending on the longitude.
The asymmetric cratering rate has been suggested and
modeled  [9,10,11],  which  estimates  higher  cratering
rate (up to 10% [11]) in the orbital direction above lati-
tude 60°N. However, if the micro-meteorite is applica-
ble or not is unknown. Another possible cause is the
uneven  geologic  variation  in  the  northern  high  lati-
tudes.  We masked  the  areas  extensively  covered  by
immature  highland  ejecta  (e.g.,  Hayn,  Anaxagoras,
Catena Sylvester). Such areas are concentrated from -
60°E to 120°E, possibly increased the reflectance out-
side our masked areas.  Similar  analyses in the south
pole will help to clarify the cause of this asymmetry. 
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Figure 4. nI/F689nm as a function of slope azimuth (facing to-
ward the Earth is 0; increase in counterclockwise) and slope
angle. A profile along 15° slope is in the bottom. 

Figure 2. nI/F689nm trend as a function of minimum incidence
angle (i) and slope angle.  All the areas above 60°N, except
the immature ejecta (same mask as [2]), are included. The
median of nI/F for each angle bin was used. 

Figure  3.  nI/F689nm trend as a function of  relative slope az-
imuth (facing toward the south is 0; increase in counterclock-
wise) and  slope angle.  
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