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There are three basic aspects to the modeling of surface emitted 
radiance of rough surfaces:
1) Thermal Model – We use a radiative equilibrium model for daytime 

measurements. This closely approximates surface temperatures for 
daytime measurements of slowly rotating bodies with low thermal 
inertia.

2) Surface Model – We use a simple Gaussian distribution of slopes. 
This reduces the surface slopes/roughness to a single parameter, 
while maintaining reasonable fidelity to natural surfaces.

3) Measurement/Observation Geometry – Using the modeled 
temperatures and slope distributions, the mixture of Planck radiances 
are calculated in proportion to their contribution to the measurement 
field of view.

The lunar regolith 
is both rough and 
highly insulating. 
Temperatures of 
surfaces 
separated by only 
a few millimeters 
in this image can 
vary by over 100K.
A wide range of 
temperatures are 
present in most 
remote 
measurements
(AS15-82-11105)

We extended our roughness model here to 
correct for thermal emission in M3 data

The crossover between emitted and reflected radiance 
occurs at wavelengths between ~2.5 and 3.5 μm. If a 
single temperature is used to correct for emitted 
radiance, the spectra will have residual slopes 
present. This effect is largely dependent on solar 
incidence – not surface temperature – and local time 
and latitude dependent artifacts will be present in the 
resulting spectra if surface anisothermality is not taken 
into account.

• Current M3 and other NIR datasets are typically 
severely under-corrected for thermal emission

• We use thermal and surface roughness models to 
predict emitted radiance, producing consistent 
results

• The lunar ~3μm absorption is much more prominent 
and initial results show no variation with latitude

• The source of H2O/OH- on the lunar surface may 
not be nearly as dynamic as previously assumed – 
both solar wind implantation and magmatic sources 
of H2O/OH- are possible
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Lunar brightness temperatures as 
a function of wavelength for a 
typical regolith surface (Albedo = 
0.10, RMS slopes = 20°). The 
range of temperatures in the field 
of view increases with increasing 
angles of solar incidence, leading 
to brightness temperatures over 
300K at wavelengths short of 2 μm 
where the average surface 
temperature is less than 200K. 
C3−9 indicate wavelength 
coverage of Diviner spectral 
channels and M3 indicates the 
wavelength used for the thermal 
emission correction of M3 L2 data.
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M3 apparent 3 μm absorption 
distributions from Pieters et al. (2009). 
By contrast, we find that the 3 μm 
absorption remains prominent and 
constant at all latitudes.
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Modeling closely predicts the emitted lunar radiance 
measured by Diviner at different wavelengths. A 
higher roughness results in greater anisothermality. 
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4 – Implications

The effect of surface roughness on the thermal 
correction of M3 data. The apparent depression in 
reflectance beyond 2.5 μm becomes more 
prominent with increasing roughness. The example 
spectrum is from 33.67°S, 143.57°E with a solar 
incidence of 51° and an emission angle of 2°. Data 
are from from M3 image m3g20090125t172601.

Example of differences in different types of thermal 
corrections. The M3 L2 data products have a thermal 
correction that severely underestimates surface 
temperature (blue). Even without considering surface 
roughness, there is a significant reduction in I/F 
beyond 2.5 μm (green). The rough surface correction 
results in a prominent downturn in I/F beyond 2.5 μm 
and predicts brightness temperatures in good 
agreement with Diviner measurements from the same 
location and local time showing increasing brightness 
temperature with decreasing wavelength. Data are 
from M3 image m3g20090125t172601.

Original (dashed) and roughness model (solid) 
thermally corrected M3 data for a range of solar 
incidence angles (i). The roughness model 
correction shows a much more prominent downturn 
in reflectance beyond ~2.7 μm and the systematic 
variation with solar incidence is no longer present.

Our preliminary results show a constant and prominent 
downturn in I/F beyond ~2.7 μm. There is no dependence on 
latitude.

The spectral shape is consistent and more prominent than 
previous results. If the downturn in I/F is due to H2O/OH-, then 
H2O is a major contribution to the absorption.

The lack of latitude dependence shows the absorption to be 
present at both high and low temperatures and the temperature 
dependence and dynamic nature of the formation mechanism is 
not nearly as prominent as previously thought.

Figure 4 of Dyar et al. 
(2010) showing variations 
in the spectral response of 
OH- and H2O in various 
materials.


