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Observations of planetary surfaces are dependent on the illumination geometry, viewing 
geometry and on the photometric properties of the surface. In order to correct spectral 
measurements for photometric effects all observations are commonly referred to the 
measurement at a specific wavelength. This normalisation has the advantage that spectral 
measurements which have been obtained at different phase geometries can be compared 
directly. Also multispectral images which additionally show variations of the phase geometry 
across the field of view can be compared pixel by pixel. This comparability of spectral 
measurements is the basis for spectral classifications which are used to identify compositional 
surface units. However, the technique of normalization requires that photometric effects are 
wavelength-independent and superimposed on each spectral measurement multiplicatively: 

R(') with R(X) = Ro(Q * p Rn(3c) = - 
Rr  

Rn(h) is the normalized reflectance, ~ ( h )  is the reflectance at wavelength I and Rr is the 
reflectance to which all measurements are referred. Each reflectance measurement (R) is 
modified by a wavelength-independent photometric term (p). As spectral measurements 
consider the same surface element for all spectral bands, the photometric surface properties 
does not change and p is only dependent on the phase geometry. In this way, normalization 
scales all measurements to the same phase geometry. However, the wavelength-independence 
of photometric effects is still an unproven assumption. 
If this assumption is valid, color ratios measured at different phase geometries should be 
identical because D is wavelength-inde~endent: 

gn indicates the phase geometry. 
In order to prove the assumption we observed the lunar surface at different phases and different 
wavelengths. The observations were performed at Wendelstein Observatory (Germany) using a 
CCD camera with several filters (Tabl). The phase angle coverage ranges between - 3" and 50' 
(Tab2). 

Tab. 1: Filter wavelength of the 
observations. 

Tab. 2: Phase angle coverage 
within 9 nights (N). 

We have determined color ratios measured at all nine phase angle positions. The color ratios are 
plotted as a function of observation nights. Variations of the curve indicate wavelength 
dependence of photometric effects (Fig. 1). 
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Fig. 1: Behavior of ratios at decreasing and increasing lunar phase as expressed by nights 
before and after full moon (corresponding to phase angles as in Tab. 2). 

Rx Rx Rx For all possible ratios measured at the same surface element, e.g. ii5, . . ., we find that 

for phase angles <lo0 the ratios are comparable (rel. error 4%). A; phase angles from 10'-40' 
the error increases slightly. At phase angles >40° the ratios are significantly different from ratios 
as measured at low phase angles. 

The above result shows that within the accuracy limits of the observations and data reduction 
the ratios measured at phase angles <40° are comparable. However, there is a trend that with 
increasing phase angle the error increases too. At phase angles >40° significant differences 
occur indicating a wavelength dependence of photometric effects at high phase angles. A 
possible explanation of this effect is that at large phase angles the potometric surface properties 
will be altered, dependent on the wavelength , by shadowing effect which is a function of the 
surface roughness. That means, the photometric phase curve changes with the wavelength at 
large phases. Nevertheless, normalization of spectral data on a channel by channel basis is 
accurate for low phase angles (opposition), but for inreasing phase angles additional errors will 
be induced. This fact has to be accounted for in the interpretation of normalized spectral data. 
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