
THE ROLE OF HAPKE'S BIDIRECTIONAL SURFACE REFLECTION MODEL 
IN DETERMINING ATMOSPHERIC ABUNDANCES AT MERCURY; D. L. Domingue 
(LPI), A. L. Sprague, D. M. Hunten (LPL) 

This project investigates how knowledge of Mercury's surface 
reflection characteristics, as modeled using Hapke's theory 
[1,2,3], are used in the analysis of atmospheric emissions and 
how uncertainties in the values of the Hapke model parameters 
affect the interpretation of column abundance in the atmosphere 
of Mercury. The modeling of surface reflection is used in the 
reduction of observed emission spectra, in addition to the 
derivation of column abundances. 

Atmospheric spectral measurements at Mercury are made by 
recording line emissions, typically on a CCD. The data numbers 
representing incident photons must then be translated in to 
radiance values. Thus a conversion or calibration factor is 
needed. If no calibration source is observed along with Mercury, 
then the surface of Mercury can be used as the calibration 
standard. Using Hapke's model, the radiance of Mercury within 
the continuum of a spectrum is calculated. The calculated 
brightness of Mercury is then I1smearedl1 to various observing 
conditions and compared to the observed continuum. Comparisons 
made between the theoretically derived continuum and the observed 
continuum determine the amount of smearing in the observation in 
addition to providing the reflectance (Rr) used in calculating 
the calibration factor. 

Veverka et a l .  [4] found two sets of values for the six 
Hapke parameters describing the disk-integrated brightness of 
Mercury using the whole disk observations of Danjon [ 5 , 6 ] .  Thus, 
for a specific phase angle, the disk-integrated brightness of 
Mercury's whole disk can be calculated. If Mercury is observed 
using a CCD array then the disk-integrated brightness of the 
planet can be measured by summing DN over the entire disk of 
Mercury. Comparisons between the theoretically calculated 
radiance and the observationally measured DN provides a 
calibration factor. This method of calibration compares 
theoretical disk-integrated brightness (based on Danjon's 
observations) with observed disk-integrated brightness. Even 
though ground-based telescopic observations have some degree of 
smearing, if the total light from the disk is compared to the 
total reflected light calculated from the model, this method of 
calibration is valid. 

However, if Mercury is observed using a slit spectrograph 
different considerations must be taken into account. A slit 
across Mercury measures the continuum over a portion of Mercury's 
surface rather than the whole disk simultaneously. A comparison 
of DN from a portion of the surface are then compared to Rrfs 
generated from whole disk measurements. Using these sets of 
Hapke parameters assumes that disk-resolved portions of Mercury's 
surface reflect light equivalently to the whole disk. This 
assumption is not necessarily valid and therefore needs to be 
tested. 
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Theoretical Mercurian surfaces were created for 110' solar 
phase angle using Veverka et a1 . Is [4] solution 1 and solution 2 
Hapke parameters where the parameter B, was set to 1.0 for both 
solutions. These surfaces were then smeared to 0.3, 1.0 and 2.0 
arcseconds radius of a seeing Gaussian, which correspond to smear 
factors typical of spacecraft, good ground-based telescopic, and 
worse-case, ground-based telescopic observations, respectively. 
Calibration factors were calculated for these surfaces using a 
north-south slit offset by 2 arcseconds from the sub-Earth 
meridian across the illuminated crescent. At 0.3 arcsecond smear 
there was a 6.5 % difference between the calibration factors of 
the solution 1 versus solution 2 surfaces. At 1.0 and 2.0 
arcsecond smear the differences in the calibration factors were 2 
and 3 percent, respectively. 

Once the observations have been calibrated, the emission 
lines are examined. Emission due to the excitation of 
atmospheric atoms can be divided into two components, the 
emission due to incident solar flux and the emission due to 
surface reflected light. Using a complete frequency distribution 
atmospheric model that accounts for surface reflection and self 
absorption [7], we calculate atmospheric I/F values using 
solution 1 and solution 2 surfaces in the calculation. 
Atmospheric values were generated for z = 1.0 and t = 0.1, both 
are reasonable values for Na and K at Mercury. The percent of 
difference in column abundances is less than 1% for all smear 
factors. Thus the total uncertainties in calculated column 
abundances for this particular phase angle is less than 7% 
between solution 1 and solution 2 Hapke parameters, well within 
observational uncertainties for ground-based observations. 
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