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W BEL4G H BRE Ao . i AR DL S bBdE o m AR 38 ) sk
A AR H BREOEIN SIS (Lunar Orbiter Laser Altimeter, LOLA) #5341
PR R 118 mAE R4 H T &t (Digital Elevation Model, DEM) %4z,
LOLA e S R i H RO iy sS85, e e 1T A SR B4k, AKF 7 ks B2
F920 mZEAy, MEETIRGEL N mZA AR, i SR A S [ b BT R £ SRy A TR A
TEE, 2B A, e TR TR A 2018 4F Robbins A 1 1
F T HUECHE Y, BcE FE N BT i N T B AR R R R, T2 A A Y A R L A
LROC WAC % 1% (Lunar Reconnaissance Orbiter Camera Wide- angle Camera) . LOLA
DEM & #4845 . SLDEM 2015 S A28 M TC (Terrain Camera) 1%, X—8d81EL &
130 AL, BOMEENAE T2 H HA L km DL ERE L,

3

AR BRI IRHBRMS  RR R BN ZS, % H BRI 1 B RRAE A 7 2
A L@ Zayat . A, ARG, TS SG G E Y B RS R A
K ZES, R EATTH BRSNS H AT, IR BA H BRI 280K R b sk
WSR2 . FE A BRI AR R D, SRR RS RAE T . AR RS
T o b 4 LR BRA i BT R RS . IR, ARSCMERRERAE . H IR |
b S AR K, X BRI S R T AT o
3.1 EKR4FE

PILOLA 118 m 2K () DEM %l A S mi Bt I, XF 2 H @ B AR E 150
Tt HERERE SRR ARME N 10781.5 m, f/MER-9128.5 m, FH{HLH-2038.7 m, i
50% X I =5 AR AL T--2000~600 m Z ], Z9F 65% A Xt A fifE (£1), &HER
AR X ok FE AR P A A FE R BT, e AR A e X el A R T P R A i v
MhE (E1).

M H B RRG SRR E, HERE N E R 2 IES 0 B IE, (HARXS bR ifE
IESA S WERK, B —EIEMARE, ARSI EED M 7E-3000~1000 m
ZIE (E2), #E-3000 m A 1000 m[flif, Ff7 mfgeit X al7e4 7 3 AT b Lo g2 o 3
R E RN IS, BIASRE, A 10%A 4 KIS E R 7E-3000 m AR, 2
T 20% X B B LM AT AE-2200 m AT, 3 40% X B B0 A 7E-1200 m LA R, 50%Z4 4
KA H SRR/ NF-800 m, 80% /5 A7 X3 =i FE/NF 1000 m, 90%Ze A7 X 35 = 72 /N F- 2500 m
(F3. #£2),

3.2 BiESET

3.2.1 B BNEERIFME EPRRSCHBEG S0 A e SO A B LR A TSk

B IXIR” i X e A BRI A KA, HICISRAEYI sy . e IS
*1 BRBE%IHE

Tab 1 Statistics of the lunar surface elevation

GeitHi IR/IME Epugr gk g LENE I
i F(m) -9128.5 -1908 632.5 10781.5 -1038.7

TE: #AGeTEeR 4 i DEM IS GOTEGHRMDR 47— e B0 S B 1R 28 , F 3.
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K1 HERE M

Fig. 1 Distribution of the lunar surface elevation

K2 HERE IR E 5K

Fig. 2 Frequency distribution of the lunar surface elevation

BB AT B T ILA I, Rt, A Bk 42505 58 rR AR AR L Bl 8] Ry — 2 H Jo by 1 B
g6, RN A R ERRRHE TP T S B TG . X HE A IR, A TR L
5 M P A R T DX R AR, T BRI T VA DX A KR T S b ) e AR AR e (]
4), AEXIERRAGTEE R R, A A XN RSN -7431.5 m, fREmEiEl
870.5 m, FHEFEHN-2119.9 m, A4 50% X I 2 B T-2500~-1600 m Z 8] (F£3),
A R R BB AE F I DX (S I EL Bk, BEE MR TR, 250 m s R T B Y
DX 353 ] 4 H 8 DX H 81 B2 3 T, 7E—-3000~-2000 m [B]i5 2 i =i E, BS540
MR (K 5a, EISb), HIARIEHR XL, BEsET e, i T & i e LTt
) = i PR TR AT ) 9 X 3 B TR SO N, X — DX H Vg e A A At
H U DI 223K, LA DX LA 43 0 DT | b i/ In, TR ok e s P BT 5
0 A S T b ek T A SO N B i AR S R S A A A T e R Y 2
SerE . i DX A v DX e A T H U H RS AL, e XA A, AR
W%, IS HAEAE-2000 m 5, BEESRZEALTE, 250 m @R R ET & X e F
BARN
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K3 HBke e 21 A

Fig. 3 Cumulative frequency distribution of the lunar surface elevation

&2 AERESLER
Tab. 2 Quantile distribution of the lunar surface elevation
L A81l(%) 10 20 30 40 50 60 70 80 90
=5 2 (m) -2868 -2192 -1653 -1205.5 =796 =323 253 1100 2493

T R AGUTH R th DEMAM GOCEOT R Nk A7 —E B BB iR 2% .

K4 AigmieorfE

Fig. 4 Distribution of surface elevation in lunar mare

*3 RBXESERITE

Tab. 3 Statistics of surface elevation in lunar mare

SEiHE fe/MH 45 AL 45 SN FEH
R (m) ~7341.5 -2535.5 -1592 870.5 -2119.9

T AL HEEE S H DEM IS GOTEO TR A —E 50 S B IR 22
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KI5 X s R A e 1]

Fig. 5 Characteristics of surface elevation in lunar mare

BRORTE, H XA 29 10% 447 X E AL T-2800 m LT, 297 31 25% X 45

AR T -2500 m, 50% 75 A7 X3 H = FE /N T -2000 m,  80% 22 A7 X I8 = A2 /N F - 1500
m, 90%7Zc 47 XA EFE/NT-1000 mo A XIS B AE P 7E-2750~-1000 m Z 8], K
L IR R TP 7E-2750~ 1500 mZ ] ($%4),
3.22 RiBAGERESME X4 KIS B RE A& A i S R R ) —
BT, AR SCE i H I G R A A AR LA R SR 5 A TR S0 P e v G e
EA RS TISE . A g m B E A R H G5 H SR 22 R R i
Ko X HBEHZEBRASITRM, D% XK EER KM 910 m, f/IMEHA-7076 m, F
YIEHN-4162.78 m, FLETIIMTE-2625~-1125 mZ[H] (£S5, Kl6a),

R A5 R e ) s R E R S R S A S A R A R ey, BE
BN e ASCUIILA BETE bR RTINS, R FRas ik 5 1 ik R & 1 8 #1711
B AR RRRITE R

Zdistance( 7, 0)
R= (1)

! n
K RFTR N AL GE R i F @RS TR n TR0 A9 0 AAREA S
85 distance(j, i) R AR S G R RIIEES . 0 SRS 555 A e i R 1Y
RBERGE N, UG RS RISV, SHEZS A ARG TR, i
AR 5SS R (R P- Y PR B OR, L5 BETE AR RABBOR, LS TR s

*4 AESEIMHEFR
Tab. 4 Quantile distribution of surface elevation in lunar mare
He il (%) 10 20 30 40 50 60 70 80 90
= FE(m) -2841 -2614.5 -2452.5 -2276.5 -2081.5 -1902 -1714 -1458.5 -1136.5

®5 RABLREERIHE

Tab. 5 Statistics of rim crest elevation in lunar mare

LRSI fe/ME 45 AL T 44530 %L SN FEH
R (m) -7076 -2555 -1320.5 910 -4162.78
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K6 Al AR e
Fig. 6 Characteristics of rim crest elevation in lunar mare
DL W A2 B0y 5 T A BEHL S REA S, LA LOLA DEM U4l 1153 4845 19 -3000
m, -2500 m, -2000 m, -1500 m, —1000 m. —500 m LA} 0 m % @2 M FRFITH 45 MLk,
WK A R 5 T R G BEFE R R (Bl 6b) o SRR, FEAMITHAR 7 5% Mk
Hr, ~1500 m 45 Rk 5 H A SRR S B IREF, HARH-2000 m, 0 m A& r&

R,
33 ERISEREM SRS
331 EHREEESME S5HEXEAEE)T, SREESESESAR, #EnA S

YRR AT, TRBERCTR, TP ER B T i 2 o) e R 25 AR R . SE b BRIP4
G328 T L ARV A 40 LA L D B AV A5 v A S o AR 4 4 43 BN, e A S — A S AR 1Y
MBS, DL e S bR TR SR R A0, T SR BB v A 0 10 Ay 4 o e A e I
FRE. UL, AT A YT R T, W TR I A SRR A A AR 9 43 B
X T LA R A AR bR T H BRHB S R R A A R SR

PI4H EA 10 km LA F, 200 km DL 22000 438 bt o drxt %, G HST N
SR, GtgE R, NG EORE, 29 10% 284 G T L S R o i 7E
-3000 m AR, i eI AR 25% A 405 294 T 20% X 35 5 A 4 AR E-2300 m DL
T, G edEG YRR 45%; 3T 40% KIS AR AE-1300 m LA, 4 dliE b
T 66%; 50%25 47 XM E A2 /N T-800 m, 54 uBiEdh LAY 73%; 75% A A7 X Ja
EFE/NT 1000 m, R AR 90%., MDA S ok E, 2k d
B EfE/NT-2150 m (86, E7).

*6 EHWERZ>10 kmBESE%IHE

Tab 6 Minimum elevation statistics of craters (diameter > 10 km)

et I/ MH LGN LA S ONEI P
i (m) -9128.5 -2026 899 8252.5 -549.32

332 MR BRMBERFE MICOE B HATCHAR Bk Bialran, Wik
T A, T8 O SO M AT 0= A Bk A1 Sl g SR R S e ]
o FMCCH MRl E H Bk =R A 2 —, AR SR A il 3 e o R 5L
LRI AL My HER EEEA P R, X RS A R R AR A A B
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7 S e e e A

Fig. 7 Distribution of craters' minimum elevation

T I3 — X 3ol R L FE 1 DX 3, DA A W S A R [ 48 0 A 1) 5 T S BEAIL S A
A, DILOLA DEM $0HE3 184 4459 -3000 m. -2500 m. —2000 m, —1500 m. —1000
m. =500 m, 0 m, 500 m. 1000 m. 1500 m. 2000 m. 2500 m D\ % 3000 m 2552k 1k
NS, IREGTE S mLS AL AP E EIRbR R (K8), 45HEMW, EITE
B 7 25k, 1500 m %5 Eak SRt S0 At RIS R Ay, HAROM 1000 m,
M-3000 m 2 H 2 AL A R MR R 22 1

K8 BT A R LS A AL ]

Fig. 8 Variation of R; calculated for the South Pole-Aitken basin

4

41 RRBESEXARHEEIRE

LR B IEH RSN I FAEE A WH IR R b BT G L8, A 4 Bkt 32 0 4]
OIAER RJEN, PR A R AR T SRR AT RERE R LT 34N

(1) @R T BN Y RTRIE R 2E S, ERZE & EZ M E L.
an, b E AR B S AT A H S BORIE . A BT L R il o R ERRE
1T R A ST F e F AT BRI R A BR Lt 21, iR RRRE L 2, #a) O e A Bk
AN A FHBGE AR R A DR, X A BORBE,  mi R R I RERS 780k
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IRER XAy AR H R R R AR 3 At 34 X

(2) MHLSRIERIR o3 10 -l vk S ZRE PR BTN, i RE e S Es RN i A H B . A
W IS R A 4 R R BTN B 2 A e AR . BDABE L A,
S A A S AR N T 225, AR TR TR — S g,

(3) 5 AR IT i Y B E AN A 25 KR, b Bt 0 — 2 31 o o 3 Pl i 2 afak
GRS
4.2 BRSESRISMTEE

WA EBAMAER, 2910%4L 4 KIEFE/NT-2868 m, #920%75 47 Xl FE /)
T-2192 m, 250%Z 47 XL/ T=796 m, 24 80% 745 IX Il = /N T 1100 m, 24
90% 7 A7 X IR FE /N T 2943 m,

HB TR 35 BTG A R , 255 % 18 Vi DX el P 38 v AR A ) VA0 % i R ) AT
AL INNTEE-2500 m. —2000 m LA K —1500 m 3 E P2 E(E . 2500 m A] DL T
B XE I S s AR R AT R A, W R TR PSRRI A B A8 3 SR ST Y RS 4, 2000 m
—1500 m A3 B F X 40 A ifg X R A fili X8k, BB m s L, WEGSTAEm S,
FEAE-3000 m. —1500 m. 1000 m. 2500 m Dk} 3000 m 5> i Fe 40 24 HEH . -3000
m., —1500 m LA J—1000 m X T4 bt XN S AR R BT, 294 25% X el i e s
FE/NF=3000 m; 50% X e fi 5 50 = /N F-1500 m;  75% X el fi# 5 350 = A2/ T 1000 m.,
TESHELR S IR B A S Ll IR A, 2500 m L& 3000 mxf - H ki fidE S 5T
AR LT, 2500~3000 m (1] = REAE{E 26 -5 H il = Hb X3k AR 448 T IU bt & s ik iy
AR . MR E A A T . A7 AE 1000 m 1 1500 m P A2 40 S RRAE (A
B 7 U IR FDL A 10 7 1000 m 55 32k LA K 2000 m A5 2k 2 0], 44K 151000 m
11500 m &5 E L B o4, PIGERE 1000 mBE 1500 m REASELUFHY 28 H e S5 4t ih
B(ERTD,

43 BREBESEFE

43.1 ARMESE  HEEES B BRI R S A, AT
AR H B2 RNOLRES R B X 4> H i . H Rl DA i SO b E . ST A i
KR 2 h RS B R E R, 1500 m AI-2000 m & m Lkt H ik ARl a
FREEHRAT, 1000 m A1 1500 m 55 = X R SO il Rl G R B Ry, ik, fEH 3R
ERAAE TR T, B N AE-1500 m 5-2000 m P2 1000 m 5 1500 m 444
T BEERSRGERN N, NABAEE, "2 ZPRNE-2000 m L
TAEE—2E, DRI i &R R R, AR SR ER, SBRaI0r
ZHRNAE 1500 m UL FAEAE—28, DAGRIIE A B S g h b e or a5 R et . B IR RS
USSRk, rIRes R b RO E A K I B RIR RN, T4 H 2 10% X5,
KT -2868 m, £ 10%IX I EFEE T-2943 m, Kk, 2%, BIKFHR D AL
NEAE=3000 m LAY, d5 i R 0 G ARV AE 3000 m LA . eAh, A BRI 02k R
B2 et M A BB FE A ERE, 2% EA M RIRR TSRS, IR 4402
FREAE R 3 A AR, AR, ik, SRR AR R AR S I R R R R A

ASCAELEA OB R A A 40 A . MO FR A SR A A3 28R 22 b VR FH B Ll |,
Hor A SAERIME G S m R R R, ORIET H R &SR A1) S AR E R —
X, FEMERE T RN RIS, 3000 m 2 2500 m H—35, IRALHEE
SRR 2R ; 2000 m A2 —1500 m h—2, T FEHEONT XA i R 8] —EE
H, AR S IS 2R IE(E s 1000 m 2 1500 moh—28, B Rl 7
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R7 RRBESPIRERMEBEX
Tab. 7 Lunar surface elevation classification of different regions and their geographical significance

HeRwfe sl RS

DK SR ) AR AR
AR X - -3000 T 25% X $uldi o5 450, FE /N F-3000 m
-2868 - GESSY v 2129 10% X3l #IL T -2868 m
ik X -2500 Hifg RPN VNS RS TR A3
-2192 - GES=NEvivi 2 129 20% XS AT 2192 m
-2000 Hitf H BT IX 53 H i XA H B X
HRRR X -1500 JER(EE L e A7 BT X0 I X sl R0 A i DX, 50% X ek 4
PR/ N TF-1500 m
-796 - BT 5w 4 29 50% X 3= FAILF-796 m
1000 MW T SRR A R R R AR T, 75% K I
AP/ T 1000 m
R X 1100 - e =T s il 4129 80% X B FAIK T 1100 m
1500 AR A SR Y A R AT
2500 bt RS FH T DX 3 H It et DX St o bt
W R X 2943 - e =T s il 41 2590% X B I T 2943 m
3000 (LG REAE T X 40 i e b DX i bt

TE: MR A SCR B9 ] 26 5 JIB A b mif o

MR —EEH, iR S SR SR ; 2500 m 523000 mA—25, FEHTIX
oYU S A R, NSRS ORI . DL R 4 SRR A, AR
AR T ARVE AR E (F8) ., HE1LI-2000 m LA 1000 m H 432 bR AR IE H
W ARG R A X 3 #5HE-3000 m L J% 3000 m DIAFSIE 5 AR 2 AR I
PIfiEPE . 5% 2 Li-1500 m DL 1500 m R o3 bRl i . T i DA R pa il s @)
X535 #5BC-2500 m Pk S 3000 m DARIE R FE 0 S A S 38t . 5 58 3 I Ar A il

RS AMANRBENSETR

Tab. 8 Lunar elevation classification

FRfE(m) ITIRIR Hh R S
-3000 I 25% X SldEE 4T, HARATE /N F-3000 m
b -2000  FifF A BT A3 X IR A i X 5k
1000 FEHCCHAbRETYT SR b R S AT, 75% X U TR AR /N T 1000 m
3000 fEEYT REME T IX 3 H ili ey bt X S o it
-2500  FifF AR Y e R A TR 4
o -1500  HifpfEdbr A BT X3 H XA A Bl X, 50% X s TR AR/ TF-1500 m
1500  REMRICH A SRR Ak A AR
3000 il RS FH T DX 3 H i et DX it o g
-2500 BT H g N e AR A TR 43
3 -1500  HifgfEdibn BT A3 DR D i X, 50% Xl & e s BN T-1500 m
1000 FEHCCH AT SR Al R R, 75% X B T R /N T 1000 m
3000  Hig RERE T 1X 43 1 il b DX 3 g i bt
-3000 L 25% X dldEE e, ARSIV F-3000 m
S -2000  Hiff A7 B DX 43 H it DX oRn A i X35k
1500  ELHE R L s fh SR AR
3000 fEEGL REME T T IX 43 H il e bt X e b it
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-2500 m, —1500 m. 1000 m. 3000 m. J558 4 ) 7rZEhrifESN-3000 m. -2000 m, 1500
m. 3000 m,

MAEEGER LRE, 44007 6 TR0 @i F g IO ORAR bty (B 582
I EIXNT A5 AR X RCE L, HAWH2EE S (B9, hE25
D7 % 3 1Y F B XA T = i DX S5 R B X 5 H o O %8 2 Hp ik DX T Y Rl
AER 388 IN T AR o T 4 DX 3T o5 Y R A s 5 58 3 NI A AR sz, v v XS o 3 Bl K
W X3, SR FoRE, FRINSMMAETE NG, fFEPhibie, Wi XM
PRI BRAR 0 A RRAE . L, ARSCUATT R 3I Nm AR E, HEfkl s &8,
TEFITRM A AR S 2 A ) SEaE EORIE T R 25 R i 3 gk S5 2Rk .

K9 HABRmEARIEIT R

Fig. 9 Comparison of different elevation classification schemes
432 ARSEEMSELER 1-2500 m. -1500 m. 1000 m. 3000 m FHFHE(E X4 H
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VPR DX 3 0 A7 A ) T DX BRI B0 o v e A DX v o7 v 5 R v £ 3
DX, ARG e AR A DX U] S 27 T IR B M DX, JU AR TR 7 VG ki) T Bl X S, 3K
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DI R R A B B B . 2 25% A B T XN R AR 4, 50% 2 7 ) T DXk
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Tab. 9 Statistics of lunar surface elevation grading

44 (m) < -2500 -2500~-1500 -1500~1000 1000~3000 >3000
el B AR A itk R0 g A
LEAl(%) 14.92 18.20 45.91 13.63 7.33
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Fig. 10 Spatial distribution of lunar surface elevation grading
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Distribution characteristics and classification schemes of
lunar surface elevation

LIU Qiangyi"?, CHENG Weiming"*’, YAN Guangjian’, WANG Ruibo', LIU Jianzhong>*’
(1. State Key Laboratory of Resources and Environmental Information System, Institute of Geographic and
Natural Resources Research, CAS, Beijing 100101, China; 2. University of Chinese Academy of Sciences,

Beijing 100049, China; 3. CAS Center for Excellence in Comparative Planetology, Hefei 230052, China;
4. State Key Laboratory of Remote Sensing Science, Faculty of Geographical Science, Beijing Normal University,
Beijing 100875, China; 5. Lunar and Planetary Science Research Center, Institute of Geochemistry, CAS,
Guiyang 550002, China)

Abstract: The moon is the only natural satellite of the earth and the main celestial body in deep
space exploration at current stage. The study on lunar surface morphology can not only help
understand the structure and composition of the moon but also provide direct and reliable
evidence on the origin and evolution history of the moon. Compared with the geomorphic
classification of the earth, research on lunar morphology started late and developed slowly.
Although researchers have been concentrated in lunar morphology study, there is still lack of
research with regards to the distribution characteristics of morphological indicators and their
combination with lunar morphological classification schemes. Based on the characteristic
analysis of surface elevation in lunar mare, we found that the division criteria of —2500 m
and —1500 m can better distinguish the inner region of the lunar mare and the crater rim crests
and highland. The study on the impact craters shows that a contour line of 3000 m can better
highlight the boundary of some impact craters in the highland. Besides, the boundary of South
Pole Aitken is mostly situated at an elevation of about 1000 m. Thus, four thresholds of —2500
m, - 1500 m, 1000 m and 3000 m are proposed as the classification criteria in lunar
morphological classification scheme, and the lunar surface is divided into five geomorphic
types: extremely low altitude, low altitude, medium altitude, high altitude and extremely high
altitude.

Keywords: lunar geomorphological classification schemes; lunar surface elevation; lunar
geomorphic types; distribution characteristics; classification criteria
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