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Introduction:  Recently Hapke et al. [1] described 

a diffraction truncation scheme to account for effects 
of close packing and compared the Hapke isotropic 
multiple scattering model (HIMSA) [2] predictions 
with bi-directional reflectance measurements on 
packed layers of micrometer-sized spheres. Here we 
demonstrate that the truncation procedure outlined by 
Hapke et al. is different from their intent. By following 
their intended diffraction removal method, we demon-
strate that the HIMSA prediction is not anisotropic 
enough to describe the scattering patterns of layers 
packed with large transparent spheres. 

Method: 
Ref. [1] attemptted to remove the diffraction con-

tribution in a closely-packed particulate layer in the 
following manner: since the scattering efficiency con-
tributed by diffraction by large particles is 1, the ratio  
in particle’s single scattering phase function, P(cosg), 
contributed by diffraction and non-diffraction parts 
may be given by:  
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where g is the phase angle and gd is the diffraction 
truncation angle, and P(cosg) satisfies the normaliza-
tion condition 
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The sphere sample used in Ref. [1] yielded the follow-
ing single scattering parameters: extinction efficiency 
QE=2.191, scattering efficiency QS=2.180, single scat-
tering albedo (SSALB) ϖ0=0.995 and asymmetry pa-
rameter ξ=0.785. Ref. [1] fitted a 3-term polynomial to 
the phase function in the phase angle range [100°, 
160°] and replaced the phase function above 160° with 
the fitted function. However, given the single scatter-
ing efficiency QS=2.180, Eq. (1) gives a truncation 
angle gd=171.56° instead of 160° as used in Ref. [1]. 
Since at g=171.56° the phase function is on the sharply 
rising diffraction spike, it is impossible to fit the phase 
function with a low order polynomial. Thus we per-
formed an exponential fitting in this region. For com-
parison purposes, following Ref. [1]’s intended 
scheme, we also fit a 3-term polynomial function 
within [120°, 160°] as this would give a smoother tran-
sition at 160°. The truncated phase function is then 
renormalized according to Eq. (2) and introduced into 
the HIMSA together with the scaled SSALB 

ϖ’
0=0.9908. For comparison purposes, the original 

single scattering parameters are introduced into a nu-
merical radiative transfer model, the MBRF [3].  

Results and Discussions: 
1. Sphere sample used in Ref. [1].  Figure 1 shows 

(a) the fitting results and (b) the resultant phase func-
tions described above, together with the original full 
Mie phase function, for the micrometer-sized sample 
(with an effective radius reff =7.68 µm and a variance 
veff =0.76 µm) used in Ref. [1]. For such small particles 
the diffraction peak is rather broad and as a result the 
effects of choosing various truncation angles on the 
truncated and re-normalized phase functions are  

 
 Fig. 1.  

evident. The derived total scattering, as shown in Fig. 
2 for the case of 60° incidence, shows the poly 3 fitting 
truncation scheme as outlined in Ref. [1] yielded  re-
flectance values somewhere in between the MBRF and 
the exponential fitting truncation scheme in both the 
back (g<20°) and forward (g>100°) regions. When 
these model predictions are compared with Ref. [1]’s 
measurement values, it is found that the numerical 
model, the MBRF, predicts reflectance values that are 
too high in the forward direction. However, the lack of 
any cloud-bow features in measured reflectance (see 
Figs. 3-4 in Ref. [1]) implies the sample used in Ref.  

1594.pdf42nd Lunar and Planetary Science Conference (2011)



  
Fig. 2. 
[1] may have contained large amount of non-spherical 
particles and/or have higher absorption coefficient than 
estimated [4]. Thus the validity of the model and 
measurement comparisons as described in Ref. [1] 
should be questioned. 

2. 200 µm polymer spheres. This sample was used 
in our controlled measurements when investigating the 
performance of various radiative transfer models. For 
such large grains the truncation angle was found to be 
gd=177.6°, sitting on the narrow diffraction spike. Fol-
lowing Ref. [1]’s intended truncation scheme we fitted 
a 5-term polynomial to the phase function in the region 
[120°, 165°] and replaced the phase function above 
165° by this smooth function, as shown in Fig. 3.  

Figure 4 shows the comparsions of  DISORT [5] 
(blue curve), the HIMSA supplied with a simple H 
function (red curve) and supplied with an improved H 
function [6] (green curve) and our measurements 
(Squares) taken at 4 incident angles [4][7]. Obviously, 

 
Fig. 3. 

 
Fig. 4. 

at oblique incidences (35° and 60°) the HIMSA models 
are not anisotropic enough to describe the reflectance pat-
terns while DISORT works much better. Although the 
HIMSA model, when supplied with the simple H function, 
appears to predict measurements rather well at near-normal 
incidences (0° and 8°), it predicts much lower reflectance 
values in most regions when supplied with the more accurate 
H function. Based on above analysis we maintain that our 
conclusions on performances of various radiative transfer 
models on packed layers of large sphere [4] remain valid, 
contrary to the claim made in Ref. [1]. The accuracy of a 
reflectance model including its ability to accurately describe 
reflectance in the backscattering region is vital in planetary 
remote sensing applications as equifinality may further obvi-
ate  distinctively different regolith surfaces [8].        
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