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Fig. 1  Global surface elevation map of Ceres
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Fig. 2 Geomorphological division of Ceres
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Fig. 6 Curve of trend change in Sun sub-latitude
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Fig. 12 Solar radiation map of lobate flow 3 and surface fault under different search radius
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Fig. 14 Simulated solar radiation distribution at four seasonal points on the surface of Ceres

RBHERST/ (IMrm2)
I 3162.84

90°N
60°N
30°N

30°8 f
60°S |
90°S
180° 120°W 60°W  0°  60°E 120°E  180°
0 250 500 km

15 A PhE AR A 4P R BR4R S A DL A1 1
Fig. 15 Simulated distribution of year-round solar radiation on the
surface of Ceres

4 #Z B

ARIIET136.7 mar PR A 41 R DEMEEE, 5E
LT MR, WARERM R R LE ERE
PO BH 8 55 P 75 BB I /N MBI R AR, JRiEd it
AR — AN KPH H A2 B R TR S . R E 4
W,

1) K25 ot 2 A FH O 208 RV a3 AT K B 1 S A 40
W, BCE 74 k) BIE 1 R A% W] R S B b T 38
W T PRI HE R, I B A R AR AL T R
/MTEAR RIS % .

2) BRI BT 5] A PR I 3 K B 4
S R RURBCON R, RN TR
B A R AR, R 5 KRR S 1~ E A e
BUOFR BE B AR G, MR P RIA B R /N BE R )5,
VU 2R 2443 (0 SO X 2 o 2 R T K PR AN = A i

3) FERFRIREE, “H-47Z (B A X AL B 2 50

AR R OR PR M EZ A R, AR R K
BRI, H R T SR ) K BH 4 o s 2K
BH R BE A RE IR, A8 2R AR 0] B e S5 4 5 i e FEE A 52
Wi 5 S S BN 5 70 AR R AR AR, b E B AR R
TR PR G 2 8 R PR m R 2L, MENSMHE
R PR BN 52 A% 2R AR R W U e 5 48

4) R, FHZ AR A 1 B2 3R T A P 4 4
RN BCR R E SRR S, RHRF2
5 I RUR AN RE S8 4 R B BE T R 2y, e B S
WK AL S A G, (HE Ry R
JE IR BR324 R A AR i i oL, Kl
K PHER SN ZAE R LA R iR 2 .

5) A R FROKBHAR ST 0 A LI W B 12 ks
I, WA ZE 5 1t X 31 i 45 2 b XA BH 8 S 8 )
B R, AR B B RERGE Bt 0B, BT
& [P NI SLEF N VTR

ST AT EAR, ARSCIRTT TR AR K
I 5 S 0 e A 2R AR O 0 4 Ao 2 K P I 8 0 A
BEAT T 200, AHRLECRIETE 7028 4 2 A BT AR,
AR EE— 25 (W FT A AT B X A8 i A R TR P )
BT T o

s £ X W

[I] COMBE J P,SINGH S,JOHNSON K E,et al. The surface
composition of Ceres' ezinu quadrangle analyzed by the dawn
mission[J]. Icarus, 2019, 318: 124-146.

[2] MCCORD T B, COMBE J P, CASTILLO-ROGEZ J C, et al. Ceres, a


https://doi.org/10.1016/j.icarus.2017.12.039

% 6 3

X, %

A e 2 20 TR R W AT 7 % JH A S S AL

687

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

wet planet: the view after Dawn[J]. Geochemistry, 2022, 82(2):
125745.

NORDHEIM T A, CASTILLO-ROGEZ J C, VILLARREAL M N, et
al. The radiation environment of ceres and implications for surface
sampling[J]. Astrobiology,2022,22(5):509-519.

AHEARN M F,FELDMAN P D. Water vaporization on Ceres[J].
Icarus, 1992, 98(1) : 54-60.

BARKER H W, LI Z Q. Improved simulation of clear-shy shortwave
radiative-transfer in the Ccc-Gem([J]. Journal of Climate, 1995, 8(9) :
2213-2223.

WARD D M. Comparison of the surface solar-radiation budget derived
from satellite data with that simulated by the Ncar Ccm2[J]. Journal of
Climate, 1995, 8(11): 2824-2842.

SORI M M, Sizemore H G, Byrne S, et al. Cryovolcanic rates on ceres
revealed by topography[J]. Nature Astronomy,2018,2(12): 946-950.
CASTILLO-ROGEZ J C,NEYEU M, SCULLY J E C, et al. Ceres:
astrobiological target and possible ocean world[J]. Astrobiology,2020,
20(2):269-291.

WILLIAMS D A, KNEISSL T, NEESEMANN A, et al. The geology
of the kerwan quadrangle of dwarf planet ceres: investigating ceres'
oldest, largest impact basin[J]. Icarus, 2018,316:99-113.

SCHENK P, SIZEMORE H, SCHMIDT B, et al. The central pit and
dome at cerealia facula bright deposit and floor deposits in occator
crater, ceres: morphology, comparisons and formation[J]. Icarus, 2019,
320:159-187.

VU T H,HODYSS R, JOHNSON P V, et al. Preferential formation of
sodium salts from frozen sodium-ammonium-chloride-carbonate brines
- implications for ceres' bright spots[J]. Planet Space Science, 2017,
141:73-77.

QUICK L C,BUCZKOWSKI D L, RUESCH O, et al. A possible brine
reservoir beneath occator crater: thermal and compositional evolution
and formation of the cerealia dome and vinalia faculae[J]. Icarus, 2019,
320:119-135.

FyEpng e [ K PH B S AR SR AR AR [T]. R P RE A
##,1986 (2):121-130.

WENG D M. Climate calculation and distribution characteristics of
direct solar radiation in China[J]. Acta Energiae Solaris Sinica, 1986
(2):121-130.

B, SRl B ORISR SR )], B s R (A ARRRERD
1958, (2):47-82.

FU B P. On Total solar radiation over sloping land[J]. Journal of
Nanjing University (Natural Science) , 1958, (2):47-82.

HUBE. B B IR AR B ST KR D], F 50K S22 R (A AR
2R 5 1958 (2):23-46.

FU B P. Effects of sloping land on sunlight and solar radiation[J].
Journal of Nanjing University (Natural Science), 1958 (2): 23-46.
JERRE, EFK Gt MRt az. o [ 3 X K PR S SR 5 102 ] 4 A REAE D]
LR, 1963 (1):78-96.

ZUO D K, WANG Y X, CHEN J S. Spatial distribution of total solar
radiation over China[J]. Acta Meteorologica Sinica, 1963 (1) : 78-96.
WG, BRH S, XA R, AR ARHTE T R SCHR S 4 A Al SRR AL I]. 3t
BRI A, 2005 (5):1028-1033.

ZENG Y,QIU X F,LIU S M. A distributed estimation model for
astronomical radiation in undulating terrain[J]. Chinese Journal of

Geophysics, 2005 (5): 1028-1033.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

R, ST, X B W, 45 T DEMI S5 T I 380 K SCAR 5 2 18] 43 A
[3]. HoEE 4, 2003 (6): 810-816.

ZENG Y, QIU X F,LIU C M, et al. Spatial distribution of astronomical
radiation in the yellow river basin based on DEM[J]. Acta Geographica
Sinica, 2003 (6): 810-816.

CHEN N. Deriving the slope-mean shielded astronomical solar
radiation spectrum and slope-mean possible sunshine duration spectrum
over the loess plateau[J]. Journal of Mountain Science, 2020, 17(1):
133-146.

KT, WA, AR T % VT FR T 1] 8% A SR A 8% 2% 1) 43 A R
BEFL[]. SRR 2ER (R 950, 2021, 8(6) : 614-624.

LIU Q Q,CHEN N,LIN S W. Study on spatial distribution

characteristics of time spectrum and solar radiation spectrum of lunar

surface[J]. Journal of Deep Space Exploration (Chinese & English),
2021, 8(6):614-624.

SPAGNUOLO M G,CARBALLO F D,FIGUERA R M,et al.
MarsLux: HI-resolution illumination maps generator for Mars[J]. Earth
Space Science, 2019, 6(1) : 146-155.

STERN R J, GERYA T, TACKLEY P J. Stagnant lid tectonics:
perspectives from silicate planets, dwarf planets, large moons, and large
asteroids[J]. Geoscience Frontiers,2018,9(1):103-119.

WS, TR, U5, S R RIS T 8 I T HR I i £ 2 6] 43 AR ).
BRI, 2003(5) : 99-102+116.

ZENG Y, QIU X F, MIAO Q L, et al. Spatial distribution of observable
time under undulating terrain[J]. Progress in Natural Science, 2003 (5) :
99-102+116.

SRR, A AR K B M 2 T R IR 9 2R AR T[], W2 R
%,2021,46(9):157-167

GUO L H, CHEN N. Research on search radius of simulated martian
surface illuminable time[J]. Science of Surveying and Mapping, 2021,
46(9):157-167.

RAMBAUX N, CASTILLO-ROGEZ J, DEHANT V, et al.
Constraining Ceres’interior from its rotational motion[J]. Astronomy
&Astrophysics, 2011, 535: A43.

RUSSELL C T,RAYMOND C A. The Dawn mission to minor planets
4 Vesta and 1 Ceres foreword[J]. Space Science Reviews, 2011, 163(1-
4:1-2.

SCHORGHOFER N,MAZARICO E,PLATZ T,et al. The
permanently shadowed regions of dwarf planet Ceres[J]. Geophysical
Research Letters, 2016,43(13): 6783-6789.

MARCHI S, ERMAKOV A I, RAYMOND C A, et al. The missing
large impact craters on Ceres[J]. Nature Communications, 2016, 7(1):
12257.

KROHN K, VON DER GATHEN I, BUCZKOWSKI D L, et al.
Fracture geometry and statistics of Ceres’ floor fractures[J]. Planetary
and Space Science, 2020, 187: 104955.

BUCZKOWSKI D L, SCHMIDT B E, WILLIAMS D A, et al. The
geomorphology of Ceres[J]. Science, 2016, 353(6303): aaf4332.

PARK R S, FOLKNER W M, WILLIAMS J G, et al. The JPL
planetary and lunar ephemerides DE440 and DE441[J]. The
Astronomical Journal, 2021, 161(3): 105.

SKII, 7 22, RACKR, 5. o SR AT BRI 5] 2% ) 43 A7 R AE R A (D).
ERDUR 22440 (5 BRLERRD , 2015, 40(6) : 834-840.

ZHANG G, TANG G A,SONG X D, et al. Study on temporal and

spatial distribution characteristics of the loess plateau[J]. Geomatics


https://doi.org/10.1089/ast.2021.0080
https://doi.org/10.1016/0019-1035(92)90206-M
https://doi.org/10.1175/1520-0442(1995)008<2213:ISOCSS>2.0.CO;2
https://doi.org/10.1175/1520-0442(1995)008<2824:COTSSR>2.0.CO;2
https://doi.org/10.1175/1520-0442(1995)008<2824:COTSSR>2.0.CO;2
https://doi.org/10.1038/s41550-018-0574-1
https://doi.org/10.1089/ast.2018.1999
https://doi.org/10.1016/j.icarus.2017.08.015
https://doi.org/10.1016/j.icarus.2018.08.010
https://doi.org/10.1016/j.pss.2017.04.014
https://doi.org/10.1016/j.icarus.2018.07.016
https://doi.org/10.3321/j.issn:0001-5733.2005.05.008
https://doi.org/10.3321/j.issn:0001-5733.2005.05.008
https://doi.org/10.3321/j.issn:0001-5733.2005.05.008
https://doi.org/10.3321/j.issn:0001-5733.2005.05.008
https://doi.org/10.3321/j.issn:0375-5444.2003.06.002
https://doi.org/10.3321/j.issn:0375-5444.2003.06.002
https://doi.org/10.3321/j.issn:0375-5444.2003.06.002
https://doi.org/10.1007/s11629-018-5246-1
https://doi.org/10.1029/2018EA000403
https://doi.org/10.1029/2018EA000403
https://doi.org/10.1016/j.gsf.2017.06.004
https://doi.org/10.1007/s11214-011-9853-1
https://doi.org/10.1002/2016GL069368
https://doi.org/10.1002/2016GL069368

688

AR AR CRIE30)

20234F

[33]

[34]

[33]

and Information Science of Wuhan University, 2015, 40(6) : 834-840.
PP, ANF 53 B 2 DEM S BCGHE IR T 10 3& B 40 A % VBT 7S (D). 7

LIZ Q, WENG D M. A computer model for calculating daylight hours
in mountainous areas[J]. Chinese Science Bulletin, 1987(17): 1333-1335.

22 5K %, 2012.

P& i
HE D. Study on the suitable window of extraction of topographic

X (1998 ), 53, B L BF FE 2 EEWF U5 Tl U BR A BN S5

factors from different resolution DEM[D]. Xi’an: Northwestern
University,2012.

WA, EAREL, 22, 3 S 4 {5 S DEM SR BURL I A B ().
HER{E SR, 20063 : 69-75.

CHEN N, WANG Q M, TANG G A. Application of dem extraction

I AE Mkl - A A T 5 B b SOK 2 R BT B e B

(350108)

E-mail: 1695437566@qq.com
algorithm on slope information of loess plateau[J]. Geo-information BEEE.
Science, 2006(3) : 69-75.

I S EG. — NS F R T SRS ]. R
12, 1987(17): 1333-1335.

(350108)

E-mail: chennan@fzu.edu.cn

Study of Terrain Shading Judgment on Ceres Surface and Its

Solar Radiation Simulation

2

LIU Wei"*, CHEN Nan"’

(1. The Academy of Digital China(Fu Jian), Fuzhou University, Fuzhou 350108, China;
2. Key Lab for Spatial Data Mining and Information Sharing of Education Ministry, Fuzhou 350108, China)

Abstract: As solar radiation is an important source of energy received by the surface of the planets in the solar system,
accurate modeling of solar radiation on the surface of Ceres is crucial for studying the thermal environment. However, the highly
undulating terrain on Ceres makes determining terrain shading coefficients challenging. While the ray tracing method can accurately
determine terrain shading coefficients, it is limited by the search radius. In the paper, it examines the effects of seasonal differences,
landform types, and study area size on solar radiation simulation, and concludes that a minimum threshold search radius of 74 km is
required to determine actual terrain shading. Using this radius, the paper simulates solar radiation over a solar day and finds that the
search radius required for accurate shading information varies with time of year and landscape type. Surface faults are most
consistently influenced by the search radius, while volcanic landscapes are most significantly influenced. The global solar radiation
distribution of Ceres shows a gradual decrease from low to high latitudes. Results improve the theory and method of solar radiation
modeling and provide data and theoretical support for future exploration of Ceres.

Keywords: solar radiation; search radius; spatial-temporal pattern; digital elevation model; Ceres

Highlights:

e The minimum threshold search radius of Ceres based on ray tracing method is obtained, which is 74 km.

e The different geomorphic types on the surface of Ceres are ranked according to the persistence and degree of influence of the

search radius on the solar radiation simulation.
e A solar radiation data product of Ceres’ surface within one solar day has been produced.
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