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Introduction:  Photometry of satellites offers clues on 
the physical nature of their surfaces. For example, the 
steepness of the solar phase curve (the function that 
expresses how the brightness of a celestial body 
changes with solar phase angle) at large phase angles 
reveals the roughness of a planetary surface. The 
compaction state can be derived from studying near-
opposition observations.   Often, the character of the 
surface below the resolution limit of a spacecraft cam-
era can be studied by fitting observations to photomet-
ric models. Unusual surface texture that could indicate 
geology activity often exhibits itself first as a photo-
metric clue.        

Physical Properties:  The Table summarizes the 
physical parameters that are studied in photometric 
measurements and modeling. Details of specific mod-
els that characterize and fit these parameters are given 
in [1,2,3,4,5,6,]   

 
Table - Photometric parameters 
Parameter Meaning 
Single-scattering albedo Characterization of fraction 

of light  scattered 
Width and amplitude of the 
opposition surge 

Measure of the compaction 
state of upper regolith and  
surface particle size 

Single particle phase 
function 

Function of the particle 
size, morphology and 
indices of refraction 

Mean slope angle  Measure of the macro-
scopic roughness, and 
thus geologic history 

 
Each of these parameters holds important clues to the 
current state and past evolution of icy planetary bod-
ies. For example,  loose, fluffy surfaces that exhibit 
large opposition surges are thought to result from a 
history of sustained meteoritic bombardment or vol-
canic deposition (as in the case of Io).  A high degree 
of macroscopic roughness (as in the case of the Satur-
nian satellite Phoebe) is evidence for a history of in-
tense bombardment with large impactors.   

Fundamental Photometric Quantities: In addi-
tion to these physical parameters, there are important 
photometric quantities that characterize the energy 
balance on a planetary surface. For icy bodies, they are 
especially important to derive because they direct the 
nature of volatile transport. One such quantity is the 
phase integral, which expresses the directional scatter-
ing properties of a planetary body. When multiplied by 

the geometric albedo, this quantity yields the Bond 
albedo. Integrated over all wavelengths, the bolomet-
ric Bond albedo is a measure of the total energy bal-
ance on a planetary body.  

Observations:  Both spacecraft imaging and spec-
troscopic data and groundbased telescopic measure-
ments of a wide range of icy bodies have been fit to 
photometric models. One important result that has 
emerged over two decades of work is that icy and 
rocky bodies exhibit remarkable similarities in their 
photometric properties. This case is believed to result 
from the similar mechanical behavior exhibited by 
rock and ice at low temperatures.  

But important differences that indicate disparate 
geologic histories have emerged. For example, icy 
satellites that have experienced recent geology or re-
surfacing tend to have much lower macroscopic 
roughness [5,7,8]. Different opposition surges on the 
two hemispheres of Callisto suggest more intense me-
teoritic bombardment on the leading side [6]. 

Often photometric observations yield the first clue 
that something is unusual on a planetary body. For 
example, observations of Europa by the New Horizons 
spacecraft during its late February encounter with the 
Jovian system provided key data at solar phase angles 
that were not attained by Voyager [9]. Analysis of 
these images reveals that the solar phase curve of Eu-
ropa is remarkable, showing a decrease in brightness 
between opposition and 70 degrees that is even less 
than that exhibited by Enceladus. These results imply 
that the surface of Europa may be covered with a sub-
stance or features that tend to scatter in an isotropic 
fashion, such as snow or deposits from outgassing. 
The morphology of this material is below the resolu-
tion limit of the camera systems that have imaged its 
surface so far.  
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