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Introduction:  The thermal infrared imager TIR 

has been acquired thermal images of the C-type near-
Earth asteroid 162173 Ryugu since June 2018. Obser-
vations for one asteroid rotation from a spacecraft po-
sition, such as the Home Position located at the 20 km 
altitude of sub-Earth point, enable us to trace apparent 
diurnal temperature change of a surface of Ryugu. The 
temperature profiles of Ryugu show flat pattern ubiqui-
tously, which indicates strong effects of surface rough-
ness, and the global thermal inertia is estimated to be 
around  200-300 J m-2 K-1 s-0.5 (=tiu) [1,2]. The value is 
consistent with the ground observations [3] and the in-
situ measurements by MARA on MASCOT [4] but is 
less than the value of Bennu [5]. In this study, we ex-
amined global thermal properties including surface 
roughness of Ryugu by comparing TIR observations 
and thermophysical model (TPM) calculations. 

Methods:  TIR observations. TIR is based on a 
two-dimensional uncooled bolometer array inherited 
from the Akatsuki Venus Orbiter [6]. The thermal im-
ages are converted to the brightness temperature imag-
es via the calibration curves based on the pre-flight 
ground tests, and those brightness temperature images 
are projected onto a shape model of Ryugu using 
SPICE kernels [7]. A shape model of Ryugu composed 
of 200k polygon with a spatial resolution of ~2 
m/polygon (SHAPE_SFM_200k_v20180804) was 
used [8].  With an observation for one-asteroid rotation, 
a diurnal temperature profile of a facet of the shape 
model was obtained. We used 112 out of 120 thermal 
images obtained at the Mid altitude operation on Au-
gust 1, 2018, with one of the highest resolution (∼4.5 
m/pixel). During the observation, the solar-spacecraft-
earth angle was ~20˚, the sub-solar latitude was -8.4˚, 
and the heliocentric distance of Ryugu was 1.06 AU. 
We assumed the emissivity of 0.95 instead of nominal 
value of 1.0.  

TPM calculations. Two TPMs are used to evaluate 
results of TIR. One is a TPM using a shape model of 
Ryugu (TPM1) based on [9] and the other is one using 
a fractal rough surface (TPM2) based on [10]. We ap-
plied similar parameters, such as rotation axis and he-
liocentric distance, for both calculations. Emissivity of 
0.95 was assumed. Albedo of 0.045 (bond albedo [11]) 
for TPM1 and 0.0146 (geometric albedo [2]) for TPM2 

were assumed. For TPM1, we varied the thermal iner-
tia 𝛾	 from	 20	 to	 800	 tiu.	 For TPM2, we varied the 
latitude of the fractal rough surface from -88˚N to 
88˚N, the thermal inertia from	 10	 to	 800	 tiu,	 and the 
surface roughness from 0 (flat) to 0.5 (rough).  

Estimation of thermal inertia. The thermal inertia 
of a position of Ryugu is estimated from the maximum 
temperature by TPM1 and from the pattern of diurnal 
temperature profile by TPM2. The method using 
TPM1 is a similar one used in the landing site selection 
(LSS) for the first touchdown [12]. On TPM2, we used 
4-order function to characterize diurnal temperature 
profiles at local time from 10 to 16 hour. From the 
regression analysis of the fitting coefficients of tem-
perature profiles by TPM2, we obtained empirical 
equations to estimate thermal inertia and surface 
roughness from the fitting coefficients.  We applied 
surface tilt angle correction in ±15˚ both in longitude 
and latitude, since a shape model reduces surface slope 
due to limitation of resolution. We regulate analysis on 
the dataset with the solar incident angle <35˚.  

Results and Discussions:  Thermal inertia of 
Ryugu using TPM1. TPM1 provides a temperature 
profile of a surface of a shape model of Ryugu [7,13] 
and the temperatures reached maximum at low lati-
tudes, since the solar incident angle defines input solar 
flux. As a result, the thermal inertia of Ryugu estimat-
ed by TPM1 shows latitudinal variation with a peak at 
the equatorial ridge with ~400 tiu, with the global 
mean of 280±140 tiu. No thermal inertia was obtained 
at high latitudes, because no TPM1 calculation repro-
duced observed maximum temperature. Although the 
global thermal inertia is in the range of the values by 
the ground and the in-situ observations [3,4], no geo-
logic variation in latitude was observed by the optical 
navigation camera (ONC) [2]. Thus, we consider that 
this global thermal inertia is useful only for a predic-
tion of maximum temperature for given epoch required 
in the LSS. 

 Thermal inertia of Ryugu using TPM2. TPM2 
gives flat temperature profile as a function of a thermal 
inertia, a surface roughness, and a latitude of rough 
surface. Regression equations for thermal inertia and 
surface roughness for each latitude	 were	 obtained. 
Using the 4-order fitting coefficients of an observed 
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temperature profile of a facet, the thermal inertia and 
the surface roughness of the facet was obtained. 

Figure 1 shows the map of the thermal inertia with 
variations in the longitude and the latitude. Locations 
of natural craters are shown by circles. The thermal 
inertia of Ryugu shows homogeneous distribution both 
in the longitude and latitude, with the global thermal 
inertia of 210±50 tiu. We could not determine the 
thermal inertia at high latitudes.  

The surface roughness map of Ryugu by TPM2 is 
shown in Figure 2.  Similar to the thermal inertia map, 
the surface roughness shows homogeneous distribution 
with the mean value of 0.42±0.02, corresponds to 
moderately rough surface. The relatively low thermal 
inertia and the high surface roughness suggests that the 
surface of Ryugu is covered by numerous boulders 
with low thermal inertia.  

We investigated the thermal inertia of natural cra-
ters and found no dependence of the thermal inertia on 
crater size, suggesting that there is no compaction cra-
ters. Besides inside of the craters, ejecta depositions 
surrounding these craters were not observed in the 
thermal inertia map. The lower global thermal inertia 
of Ryugu might be results from porous and probably 
fragile nature of C-type asteroid as an ancestor of car-
bonaceous chondrites.  

 

 
Figure 1. Thermal inertia map with latitudinal and lon-
gitudinal variations. Natural craters are shown by cir-
cles.  

 

 
Figure 2. Surface roughness (sigma) map with latitudi-
nal and longitudinal variations.  
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