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Introduction:  The absolute spectral reflectance 

of the Moon, one of its important intrinsic properties, 

is crucial for 1) exploring the Moon and 2) 

calibrating the optical instruments onboard either 

planetary explorers or Earth-orbiting satellites. 

Studies include laboratory measurements of lunar 

samples, remote measurements from Earth-based 

telescopes[1-4], and lunar-orbiting spacecraft. At 

present, however, the absolute reflectance of the 

Moon is still in debates. A measurement with a 

calibration panel on the surface of the Moon is 

crucial for obtaining the accurate absolute 

reflectance and resolving the debate. Here I report 

the in situ absolute reflectance spectra of the Moon 

acquired by the Visible-Near Infrared Spectrometer 

(VNIS) onboard the Chang’E-3 (CE-3) “Yutu” 

rover. Refer to [5, 6] for details of the VNIS 

instrument, data processing and results. 

 
Fig. 1. (a) looking at the ground; (b) detection, 

calibration, and dust-proofing modes; (c) white 

calibration panel. 

Data: The VNIS consists of a VNIR imaging 

spectrometer (0.45-0.95 μm) and a SWIR spectrom-

eter (0.9-2.4 μm). The spectral sampling interval is 5 

nm. The VNIS measures from a height of 0.69 m 

above the lunar surface at a 45° emission angle (Fig. 

1). Totally four measurements of the regolith (sites 5, 

6, 7 and 8) were made by the VNIS, where Site 5 (19 

m to the lander) was disturbed by the rocket exhaust 

while Site 8 (40 m to the lander) was undisturbed.  

In situ absolute reflectance: The VNIS meas-

urements were at large emission and phase angles, 

which complements existing photometric geometry 

and for a large range of wavelength. The four in situ 

reflectance reveals that 1) at large phase angles the 

lunar soil has more forward scattering than indicated 

by current models; 2) the CE-3 landing site is very 

dark with an average reflectance of 3.86% in the 

visible bands (Fig. 2). The M3 and Chang'E-1 IIM 

data are smaller than LROC WAC and Kaguya SP, 

and the VNIS data fall between these two pairs. 

 
Fig. 2. (a) Comparison of RADF from VNIS with 

Apollo sample and IIM, LROC WAC, SP and M3. (b) 

Comparison of the BRF. 

The reflectance, absorption strength and visible 

slope all increase for sites closer to the lander. 

Therefore, brightness increases after the spacecraft 

landed which have been found for all the landing sites 

(Apollo, Luna, Surveyor and CE-3), are due to re-

moval of the finest, highly weathered particles by the 

lander's rocket exhaust, not smoothing of the surface. 

It suggests that: 1) the uppermost surficial regolith is 

much more weathered than the regolith immediately 

below, and 2) the finest fraction is much more mature 

than the coarser fraction. 

Micro-scale thermal characteristics: Table 1 

shows the micro-scale temperature derived from in 

situ spectra. The calculated emissivity ()of Site 5 is 

0.85 and Site 8 is 0.90. The retrieved temperature of 

Site 5 is close to that of a smooth surface and Site 8 is 

10 K higher than that of a smooth surface. Both 

phenomena are consistent with the fact that the de-

scent of the CE-3 spacecraft destroyed the 

“fairy-castle” structure of the pristine regolith. The 

measured temperatures are higher than expected from 

theoretical model indicating the effects of grain facet 

on soil temperature in submillimeter scale. At local 

time 9:29 (Site 8) the thermal emission contribution 

can be >1% at 2.25 μm and as high as 22.18% at 3 

μm. 

Table 1. Temperatures and in the brackets) 

measured by the VNIS and Diviner and modeled.  

 VNIS Modeled Diviner 

5 332.09 (0.85) 330.6 (0.95) 323.45 

8 353.16 (0.90) 343.7 (0.95) 335.95 
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