1007-4619(2017)06-0864-07

Journal of Remote Sensing

B EkiE ST IR AR Lb 3+ 5% B xF B W5 iE

W, HAEE, A, EmY, ERY

1 P ESGR2EF5EBE, JEat 100081;
2. RSB TTARY, Fat 210044;
3.ERTESE T, Jbat 100081,

4. I ERRE B KECEAE SIS PRI, K5 130033

5&%1,2,3

B OE: AR KA R R R, SRR E M 10 4E, 1SS TR TR MRS ER . B
RSB BRI ) TR %, (H ] Bk G IR B (kG BSR4l T 3R mmﬁ% K56 B A ROLO(RObotic
Lunar Observatory) FIMT2009(Miller-Turner 2009)#h 354 & H BR 40 5 IR PG, R DESL P OT
20154 K E 201 64EWIFE = BT 14148 1 34 H Ay xt A I, (5 6% A Bk i85 U 3K B T 399.00—
1060.00 nmi% S i A BRERGT IR . SLF 2 F BREG ST REEAEAY R A VT 36 A SN 0kt , X A
RUERGRY | A S VT LI A Bk IR . 2553 . (1)MT2009- 5 ROLOBERIAE J I £T AME B 1 22 5 W] b
KFTWSGTERE; (2) MWL = it A R4 A B 45 R S ROLOME BB , {HUR AT W'tk Bt L ROLOAR AL 5
WRRESEH /NS 86% i1 NIRFTZE TP A I FERIR, XE5 R IEAT T E— W Ftie, LAV AYE A BkER
SRR 1) A N IR O G R SR AT AR R 2 0 RN AR

K4#iE: ROLO, MT2009, HERGHSTIREAR, HEEON, 440 Ehn

hESES: TP701  XHEHFEEMN: A

5| KEE, KIS, $AFEE, BRMK, P, T B 2017. AEKIES R AR b Xt R s B Xt A S E . 18 B4R, 21(6): 864-870

&R

Zhang L, Zhang P, Hu X Q, Chen L, Wang Y and Wang W. 2017. Comparison of lunar irradiance models and
validation of lunar observation on Earth. Journal of Remote Sensing, 21(6): 864—870 [DOI:10.11834/jrs.20176342]

1 5 7

HERVE JER S Ebnii, BA MR IE
AR S RE AL T R BUR B s BN, fyi
SR A28, T HARE M, B
1x10 “44F (Kieffer, 1997; KiefferflWildey,
1985), H BRER 5 E i -5 b 1 22 37 3 A€ bR A
Fo, A2 RAEE AW ) T4 5 IRR =08
PRAH LG, B8 A T H bR SO 4 (R R AR
%, 2016). Kk, HEKAEEIES/E M HER DR
SUE bR LB AR S B B HEDR, WG CLARREO
(Climate Absolute Radiance and Refractivity
Observatory) & br 11 2 FIBKPH TRUTHS(Traceable
Radiometry Underpinning Terrestrial and Helio

Studies) & br 1A #RHE A BRBEAE 38 AL 28 3 o

R EEE: 2016-09-23; FEIA: 2017-06-09

EE&WB: EREBARTREREITE63 )T : 2015AA123704)
s IkER(1988— ), W, WEEFR AR, BFSETT 10 NI RN A AT UG B S ’r
BEEEEA: KWE1970— ), B, $FERRE, PFRF BB R, DRERTIER

FE—IEEEN

(GreenfllLobb, 2015; Leckey, 2015), It#hHER
AT IR R i 14 S, T T R) 21 MR 2= e Je%
(MillerfiTurner, 2009)., KA IEJE I i
(Barreto %, 2013),

KWLk, T HEREESR e s — B &
Z RV, TEHBILOLI H BR 710, Lane®F A (1973)fi
F A BRGEETT3K A H BR359—1064 nmN 124~ 14
(YR 5 SaikiE A (2008 )il FH AT 3 6 Ik 24 3
4 HEK650 nm ., 750 nm., 900 nmA11000 nmif i
MRS VelikodskyZE A (201 1) FH 7S FAAMIHLER
5 T 41383iE603 nm, £{i#IAS29 nm, #5iHiE472 nm
A BRI . S 1T A B T B AR 1Y
SEAR, EEATKFHNASAT 19964780 T HER A 38
M ROLO(RObotic Lunar Observatory)it X

E-mail: l-zhang@hotmail.com
VR RV . E-mail: zhangp@cma.gov.cn


http://dx.doi.org/10.11834/jrs.20176342

SRH 45 A BRER ST IR BERIAY L X K Mt H UL 48Uk 865

(KiefferfllAnderson, 1998), TESH:Z2HuFEXT H WL
RSt L, ##57 TROLORSS BEEEEIRT ) BiRIZ5
T ABk350—2550 nm Py 324~ 38 ) H BRSE R4 R 4%
FCETHREAE, 1 H S S ] ARG, 153
T RIS R H BR R B IR AR Y (Kieffer FllStone,
2005),

ENE RATAHRA rm, AL a S, St
J5H 25 H AT o i #5025 Rl sk oE H
BRI TS B B S R, IS T R R AR
N3 FE Ay Clementine(Eliason %5, 1999), &57Z%7EED
& Chandrayaan-1H 2 &¥f5_ YM3(Moon mineralogy
mapper)fRK Il #% (Pieters 55, 2009), & A HA
SELENE H Bk Kk I SP(Spectral Profiler) i #%
(Yokota %, 2011), ## F+H EChang’ B-1HEK &
H_L A IIM(Interference Imaging Spectrometer) &M
ar(Wu 55, 2013)0 X5 H I 50 F0 A BRI 5
TR T AT H BRERSREE B AR

BT, FEPr T 25 e A BRE G s 2
HROLOR ST I8 FF# I HIMT2009(Miller-Turner
2009)4m 5 R EERIRY A4S S8 H B E A iy A 7
WK IEN T ABCENR, (HE5HEWMAHL, A
FERAZS Hor B m i pe e, R H 2R
KRR —Fpat, ROLOK A YIS # 55300—
2550 nm, FEIANHERE N 5%—10%, —EEH
1%—2%(KiefferflIStone, 2005), MT2009%% %17
5200—2800 nm, FERUAHHE JE N T7%—17%(Miller
FTurner, 2009),

i EL I A BKAR S IR, R SR HH 3 i U AR
DS, SR gk mT DO 8 21 4 i B v Dl H Bk
SRR B, ER DRSS LEE T ERE
B F A B S W B 5 o . rh ERb A B
VAR Wy BRI T T PG 2O Aok 2 HLARUAI 5 T
2 AT 201547 K 220 164E4) T 8 T A 134
F ST I, 3K45399—1060 nm 1 = ik
JY SR S BB 5 . AR SCHE R S LEAROL O
T MT2009H5 1 2 53t () HE ity L, FFH e A WL
DA AR X PR AR AT T EE BRI E, 4087 1 22
SRR, LA R R 4 e H BR R S
FUA R TR () SOt SR AT 5% S AL 22 B0 FIR 4R

2 ROLOFEAIHIMT20094% Y

2.1 ROLO#EZE!
ROL O R Y5 T 3 [ 5 8 2% Jay T 19954F - iR

FIROLO H ER VLM TR, sS4t 1a] a4 H BR A0 fE 2
WL, AREC T 350—2500 nmik B P 320 18 1 )
830007 H ER LI £ H5 F1800000 Y 15 A2 LI £ i ,
e BRI SR A T A Xk A B bR E RO
“EJERE . ROLOMEALKG A BRULIN A 544k A BRE:
AR B3, a2 W G5 2 A BREAE AR
BRI R BERIA A, AR
InA} = i ag +§1 b @710+ 2+ 3P0+ ey D

i=0 =
+d e 8P\ + doge™8/P2 + dyi cos (g — p3) / pal

X, g AMGIHE, 0. WL s A 2 A
i, ONKMHAMEAEE . ay, by, dig, days
dy 5K R RE, HASEE A&
ZE(KiefferfIStone, 2005),
ROLOME A F FH] ApollosR 88 (4 55 ik H 458 i 5
SRABCHE X TR SN Fi8 327 388 T 1) 25308 R S R
PEAT IR (A R A AL TR, £33 H BR A 8 6 1 25 20 3 4%
SR (I, LI o5 H T 26 B R R 00, K
FHA A A7°, AtAT7e, HABEE R AU, W
W 5 55 7 BRIE 85384400 km.o K1 ik 253k R 2 s

SRS KIS, AR EDEE H BREE SRR,
0.8
] 0.6
= 04
X
02
0 \/ PR IS TR SR SR (NN SR TR SR SR N SR ST S S ET S SR S S NS
500 1000 1500 2000 2500
WK /mm
— Apollo FEAR MR B AT

JIRI R &R
— 12 95% 1. S% MR LR A Ja R AR
©00ROLO 32 /M B A R0 S S 3¢
- = AR AU A H BREE R AT S R

K1 ZApollofEARl & 1 i H Bk AR B 3 S S
Fig. 1 Adjustment to the hyper-spectral equivalent reflectance
of the entire lunar using Apollo spectra

{HJEApollosk RIFEABE IR | A e 5 77 H 1k
JERRALZ T ELAE AR 1] 3 3ok 59 30 % 0 o S S
R, P HERA BRI E AN, AR FEAS Y
25 BRARAEAS A, DA 3OS SR (1978 fk (Hapke
2012), UKAh, HIEREAFIA LIRS 0 HLETR S A
FRFRA AT, FFLLHROLO 32N B 25405 4
S5 25 ) HE R ARl G 0 5 S SRR 1R 2



866 Journal of Remote Sensing

#AFIR 2017, 21(6)

2.2 MT2009t&%I

MT2009HE 7 HE 7 T A B2 UM H 2O 1%
R R BAE S A (Miller F Turner, 2009), - HKf
SN A BROGRERRS IRBE R R 4y hads: (1) A AR
R sZm 5 (2) H Mol B A HE 25 52 (3) K e
I NTER AR M (4)%% M St SR A T
FEAE o M ST I 5T 4% R 20 H Bk 5 A 5 A 2 )
XX AR AT .
(DMT2009%5 H T H BRAH s BB T2 140,
f(Hp, ﬂ) — 10-04(a(6p)-b(6p)) ?)

X, a(6,). b(G,)EFHEARF REL

(2Q)MT2009%5 Hi ) H bl ES , H Ml BB 1L
TF N S(3) i 0 U I A B B A 4 B A o
iR

= 2
F-! :(€se) (_ 'm )2

Rym Rme—re (3)
Ryn = \/ (Rge +R2. + 2RseRpye COS (Qp))

KA, Re MV HMEEE, R M H HIEEE,
Roe WY AMMEES, roh ABREAR, r ol HIBR
Pz,
(3)MT2009% H K PH 48 5 ASFe e M1 1E [+
a(A)o EIEXFShaw(1999). Younkin(1970) K%
Lawrence 55 A (2003) (A 5E UCREZE , K BRI
FERIASERRE PN H BRGR SF B2 an

a(l) = Z A 4)
i=0

L, ARG RE, BRSILMT2009#1 7
(MillerflITurner, 2009),

(4)45 ) S S A SR A ) TR X ) ER 5 S5 1)
A AL, BT AT R AR I A X —
TS

KBRS N R 5 —, 195 H BRAE AR iR
BENL T ARSI, nak(5). MT2009%% )5 4R%L
R ANHED 1 30 7 55202—2800 nm , AR 7 35
0°—180°, {HIEK/NF360 nmuef# K F 1060 nm
if, ARHEFE FIMT20098 8, 4k, MT20094
RV 7% S8 R 0P (opposition surge), FHA/NT
SO RIS . F T MT2009 f %5 FEAS ok 1 4
ST V7T e TR K ) A AR R ) 3R S T

JE R, FRgimb e B, i H AL A
BRAFSIRE, ARAER S H A A OB RS BE, Br
AR T 120°F0 M- AR

Ertoa = Eoa () f (6, 2) F~' )

3 Hu L H BRI A
3.1 Ik

HFE I 56 i Tt T = A8 VLT R AR
i, BB RXES5 km, £F100.04°, 4%
26.76°, MEH3175 mo W37 R LR K R 10 2%
M, TTAKIESFEW, AL P A 2552 3 1
OGRS T4 . R S 20154E12H 16 H
—20164E3H1H,

A ER UGS h E R 2 B K B2 %
BUR 5 Py A 58 il , 38 R 38 O H 2Rk T
HBERER, A5 m IS A BRkm S, HOGES
FIM400—1100 nm, YGiE4rHE% K2 nm. HHER
AR LI A4 52 e, o A v ol P A e e
AT T BIF ] 8 S A IO T 38 0 I T
2, IFHFREFSHE I TR, SRBGR IR
KAFLIEE

3.2 EUEAbE

BE IO T IR BRI A G R BE R 25 AR
MR, W AFTRIMODTRANE KR E

A BR UG ETEACT o 8 R 2A 5T B g A T
SCH W AN E R, SLH AN ERRA EJE . X
TEREE . ZBHOE . RSN R | AR AR LR M 0 X
H ERER 5 8 AR B AP i g1,

*1 IREMGT

Table 1 Estimated errors from different sources

ANHHRE AR ANHHE %
S E Y S R 2.00
IR ReAE 0.37
Ao 1.00
e o 1.67
IXESARL 0.30
Hofth 0.20
Hit 2.84




SRH 45 A BRER ST IR BERIAY L X K Mt H UL 48Uk 867

1 TR 200 LUK BB e mi, 156 Bk
A BR R /NF60°, HARFHA TP
30°H LI HE . SHTHBR ARSI, #55 min
WRAATE R T 1%L, ERBIRAER . At
JERE SCA

oi = Z |(Twi = Terr )|/ (T + Teen) (6)
k=0

K, o Wil 2N RARERE, T, il 21k
KA RFE I3, Ty it I 2R AR 35 3 2
AU BER

W R AT PR 1% AT G A B 2
CRA AR AN E B 5 RGN e B, 3
ot 2 ORI B (AN R V2,847 + 12% = 3.01% o

4 HBRERG B UL

41 REIESRELLR

24541 T ROLOAE AL 5 MT200945 7 H AH 4 X}
{EAE90°LAPY . 550 nmil 4 Ak i A BR%m 5 BE R e A
FHAGASTE, LI s F 128 BE R RE#S k00, RBH A
M2 00, HAME N1 AU, W55 HBkif
25384400 km, WM LAt IR %S S 4 E2SPICE
B4l (Acton Jr, 1996), ME2H AT LA HROLOKL
RITE A B AA 5 0f, H BREE IR R AR . 7EAH
P RHEA GO, H B AR AR S B R
THS, XWEIUE T H & At i B H i i AR
KEHR FPR KT HilE) . MIMT200988 %A 6 &
K3, WA EIE 7 A AHXH Bk S BR Y
2N, PREMT20094E R 7E H 22 F0 H 5 i) H 8R4 5
PREEXFFR o LU T B S RERE jif H AR A A5 4k, T
DL i F H ROLOFEAVAMT200915 UK B 5 .

10-
57

8 /(W /m?/nm)
[\ (98] N

4
—

0 1 L 1 Il
-100 -50 0 50 100
AEAL /(%)
— ROLO % — MT2009 174

2 KiAP550 nmidl Beib H BRARGL S A BRAR S IREESC &
Fig. 2 The relation between lunar phase and lunar irradiance

at 550 nm

ROLOEAY A XS — B 1%—2%, e
¥} 5%—10%(Kieffer fiStone 2§, 2005), i
MT2009# B A9 AN B B 7% —17% (Miller 45,
2009), ROLOMEURE AR T84 ik, A% —
MY 78 A 7 28 AN 25 B KA O T %8 (Kieffer i Stone
4, 2005), MMMT2009k H 20 BF =5 2242000
AR G — X e, AL ECHE 5
HRAMENE T EEA -8 Fik, M A
R R FRE IR Sk AR e T RS U A B s B I AN
FERIRAN

&3 0 AR R4 201 64F 1 H 26 H 1814553
PRGN T 2 i TN VI 7k il ORI 28] fy ) BR s et e
(Z)£100.04°, £)¥26.76°, #3175 m), XA
3(a)FIEI3(b) &I, MT2009% A 5ROLOK A fiY)
BRAR SRR, 7 AT WO U B 2 [ 1) 468 X6 2 57 38
N, B AR N 25 R

25 e
20
s
E 1.0
= 0.5
E o0 s : . '
750 1200 1650 2100
Wek/mm
(a) MT2009 5 ROLO A H Bj4E

(a) The lunar 1rrad1ance of MT2009 and ROLO model

5
o5
=
=
_20 1 1 L L L n 1 I L L L 1 L 1 1 P 1 L 1 L 1
500 1000 1500 2000 2500
P /nm

(b) MT2009 5 ROLO #5 R HH %} 22 5]
(b) The difference of lunar irradiance between
MT2009 and ROLO model

—— MT2009 4 —— ROLO i#!
—— MT2009 #7555t 5 ROLO #3Y [1 F BR G %R 2 57
3 MT2009%55 %1 FIR OL O 15 45 5F IR i L %ot

Fig.3 The comparison of Lunar irradiance between MT2009
and ROLO model

[l 4 e RS ] 28 AL I ROLOFIMT2009 A Bk 45 5t
TR AR A 22 53 0 P KL ~300—2550 nm;
AH VS B A —90°—90°; WRIN 4 H T 28 B Y M

~2.08°—0.28°; & H w4 E 0. 13°—
—1.92°; KPBHH HIZEEVE [l 86.89°—90.10°; H

H BB I 0.9840—0.9832 AU; WM 5 5 H Bk
HE B 369103.73—402471.39 km; B [a] G [l



868 Journal of Remote Sensing

#EAFR 2017,21(6)

H20154E12H 18 H 170F—20164E1 H2 H 78}, AHX
ZERTREAXN

o (IrvT2009,, — ITROLOG1)
N
§ IrroLoas

K, IVMTzoogth%%/j—_\‘MT2009$§£@%&15¢H¢ [] g
(A5 B4 H BRR  RERE 5 II‘ROLO,L,%:Z%ROLO*ﬁﬂ?ﬁﬁ

x100%  (7)

500 1000 1500 2000
P /mm
| . |
20 0 20 40 60 80
A 22 572/%

P4 A BRER A BRI i ROLOR AL 5
MT200945 7 J] B i 4y HEREAH X 2 5
Fig. 4 The relative difference of ROLO and MT2009 model
Lunar irradiance

ROLOFIMT2009 H Bk 5 B 4 A X 22 548
KB TERE LT A, LR s 1) (R A ) A28 b AH
X iR ZEWAF AR A . T T 4 A X 3,
MT2009fi & BRI /R4, ROLOFE A I LLAM X
BWOEER D, HHROLOB R 5MT20094: 51 78 i
WM IBAFAE R G2 . ] WG, 5
SRS (RHAE)AE Ak, AR ARG 5 2 AE X [ 7 L3
AN FHNFR 22 e /N XS AE SO0 nmffiT,  HL R
[EJ (RO AR AL /N ek, PRIASAY H B 22 5% K
TH5, R ROLOSHE i H HHI 5MT2009
RN 22 S 0 R T LA ARG X (RO, R 2 ]
)25 SR

4.2 HEIM A kiR 5B L Xt

34 AH A G s e A U, —JRERECT
209871 H BK (5] 5 55 5 PR HOHE o B H BROR T AR K
T60°FI A BH R T A /N T 120° A Bl FoR R RR
FERT1%M5HE LR, s R4 M dE, 2
PB4 5ROLOMI 2 57 45.86%

[E15 Sk T YT 3k 46 (4 UL I ) ke S REBE, A

F+31.56°(IE A AH). MEISTTLAE H, R VT IEL
N S HR B8 AR /NP AR UG S B, HROLOMSEAY
55 b UL 4 0 B (1) V-4 25 N 5.86% , (HRAREAY
EULIE 161k S — 3, Hh I 760 nm
FRFIE A A S ABCHT L, B 1 R BRI IR AR
S AT AE R WO, 117950 nm 3T by K P i
1, MODTRANAGEARLF HuATBR AKIRFE W, v DA
WAFAEM g, 5 RGP~ A3 K22 5

x107°
25

—_ [\
W (=]

l‘lll[lllH'lHI

—_
o

FE B /(W/m?nm)

L
=)
[

400 500 600 700 800 900 1000
WK /nm
(a) RZEBR KA HIE H BRA4R SRR
(a) The lunar irradiance of Earth based observation with
atmospheric extinction

I

%107

5 R B /(W/m?/nm)

400 500 600 700 800 900 1000
A /mm
(b) RS IE I 5E H BRER S RE
(b) The lunar irradiance of Earth based observation without
atmospheric extinction

—— MT2009 #i%  —— ROLO ##!
- REBRRAIE G B
—— FERRATE ST I

Bl 5 ML H Bk T IR R S AR HXT

Fig. 5 The comparison of lunar irradiance between models
and Earth based observation

5 45 i

MT2009BE B AT S 2N T %—17%, FE25E
M T REEVER IR T 2R 2258, B R 2[R —
B, T ELAR 2 8 A A B OE R A BRRF- sl
A BRGS0 . MROLOB A — itk
1%—2%, AHIEE 5% —10%, BLIh, MT2009
R fd I AMETS 11060 nmA Y Bk 46 5 B8 iF —



SRH 45 A BRER ST IR BERIAY L X K Mt H UL 48Uk 869

ERE FSIATIRE, X fEEZROLOK AL 5
MT2009H5% B 7E % i 21 /b X I 7E 38 R 22 7 19 R
Ao FHEEMT200985i% | ROLOAE R B 1% 4 T Hi Bk

dl

18 8 TR A ] DG T 21 A B b s LA S A 830G
1R

ROLOBEAY =i ) Bk A5 45 81 8% S S 32 v S 4
32138 1E 1) SRR 75 S S 3 e 5 Apollo H 5N
AR, TS I H T Ak B ) A A
B AR, RESREBIR TEA R A XL
2, i H R SRR AIR A LA AR
A YR ], BT LIROLOMIRIZE fl & i it rp
Z3 iR 2%,  HROLOTE Hb U8 b 7] ff 11
AR IR X A — R B kiR 25, b
XoF ) ORI s S R ) AN 2 8 R3.01%, 5 ROLO
RS- 18 25 5 0 5.86% ., ML F BRER 5 IR B 5
ROLOMAY 22 S 3 K0 B F 2EAE 760 nmA1950 nm
BRI, 3K E S TR A AU S KRB IR )
RUEIHT T RAATIE, HbIEE 6 xd A 0 5 s
FER SRR B SR A E I KR 25 . T LA
FI S8 H5 405 g 7 7 R S R R A 780 0 0 A 43 B
RIS R E bR, S I ek, R
FEAE RS2 H oy B Ui A 3, x4
1o 23 (] 43 B3 TR A A e R AR BT ) SRR

2% ik (References)

Acton C H Jr. 1996. Ancillary data services of NASA’s navigation and
ancillary information facility. Planetary and Space Science, 44(1):
65-70 [DOI: 10.1016/0032-0633(95)00107-7]

Barreto A, Cuevas E, Damiri B, Guirado C, Berkoff T, Berjon A J,
Hernandez Y, Almansa F and Gil M. 2013. A new method for
nocturnal aerosol measurements with a lunar photometer proto-
type. Atmospheric Measurement Techniques, 6(3): 585-598 [DOI:
10.5194/amt-6-585-2013]

Eliason E M, McEwen A S, Robinson M S, Lee E M, Becker T L, Gad-
dis L, Weller L A, Isbell C E, Shinaman J R, Duxbury T and
Malaret E. 1999. Clementine: a global multi-spectral map of the
moon from the clementine UV VIS imaging instrument. Lunar and
Planetary Science Conference, 30: 1933-1934

Green P D and Lobb D. 2015. The traceable radiometry underpinning
terrestrial and helio studies (truths) mission//Proceedings of SPIE
9639, Sensors, Systems, and Next-Generation Satellites XIX.
Toulouse: SPIE: 96391C [DOI: 10.1117/12.2192593]

Hapke B. 2012. Theory of Reflectance and Emittance Spectroscopy.
2nd ed. New York: Cambridge University Press

Kieffer H H, Anderson J M. 1998. Use of the moon for spacecraft cal-

ibration over 350 to 2500 nm. 325-336 [DOI: 10.1117/12.333646]

Kieffer H H and Wildey R L. 1985. Absolute calibration of landsat in-
struments using the moon. Photogrammetric Engineering and Re-
mote Sensing, 51(9): 1391-1393

Kieffer H H. 1997. Photometric stability of the lunar surface. Icarus,
130(2): 323-327 [DOI: 10.1006/icar.1997.5822]

Kieffer H H and Stone T C. 2005. The spectral irradiance of the moon.
The Astronomical Journal, 129(6): 2887 [DOI: 10.1086/430185]

Lane A P and Irvine W M. 1973. Monochromatic phase curves and al-
bedos for the lunar disk. Astronomical Journal, 78: 267 [DOI:
10.1086/111414]

Lawrence S J, Lau E, Steutel D, Stopar J D, Wilcox B B and Lucey P
G. 2003. A new measurement of the absolute spectral reflectance
of the moon//34th Lunar and Planetary Science Conference.
League City, Texas: LPI

Leckey J. 2015. Climate absolute radiance and refractivity observatory
(CLARREO). International Archives of the Photogrammetry, Re-
mote Sensing and Spatial Information Sciences, XL-7/W3:
213-217 [DOI: 10.5194/isprsarchives-XL-7-W3-213-2015]

Miller S D and Turner R E. 2009. A dynamic lunar spectral irradiance
data set for npoess/viirs day/night band nighttime environmental
applications. IEEE Transactions on Geoscience and Remote Sens-
ing, 47(7): 2316-2329 [DOI: 10.1109/TGRS.2009.2012696]

Pieters C M, Boardman J, Buratti B, Chatterjee A, Clark R, Glavich T,
Green R, Head J, Isaacson P, Malaret E, McCord T, Mustard J,
Petro N, Runyon C, Staid M, Sunshine J, Taylor L, Tompkins S,
Varanasi P and White M. 2009. The moon mineralogy mapper
(MS) on chandrayaan-1. Current Science, 96(4): 500-505

Saiki K, Saito K, Okuno H, Suzuki A, Yamanoi Y, Hirata N and Na-
kamura R. 2008. Estimation of the lunar reflectance by ground-
based observation using a tunable liquid-crystal filter telescope.
Earth, Planets and Space, 60: BF03352806 [DOI: 10.1186/
BF03352806]

Shaw J A. 1999. Modeling infrared lunar radiance. Optical Engineer-
ing, 38(10): 1763—1764 [DOI: 10.1117/1.602250]

Velikodsky Y I, Opanasenko N V, Akimov L A, Korokhin V V, Shkur-
atov Y G, Kaydash V G, Videen G, Ehgamberdiev S A and Ber-
dalieva N E. 2011. New earth-based absolute photometry of the
moon. Icarus, 214(1): 3045 [DOI: 10.1016/j.icarus.2011.04.021]

Wu R H, Zhang P, Yang Z D, Hu X Q, Ding L and Chen L. 2016.
Monitor radiance calibration of the remote sensing instrument with
reflected lunar irradiance. Journal of Remote Sensing, 20(2):
278-289 (RAAE, KM, HEAR, WIFEE, T, Bk, 2016 BT
H BRI A 28 SRS R bR R R M. 3R 224, 20(2): 278-289)
[DOI: 10.11834/jrs.20165155]

WuY Z,Besse S, LiJ Y, Combe J P, Wang Z C, Zhou X F and Wang
C. 2013. Photometric correction and in-flight calibration of
chang’E-1 interference imaging spectrometer (IIM) data. Icarus,

222(1): 283-295 [DOI: 10.1016/j.icarus.2012.11.010]


http://dx.doi.org/10.1016/0032-0633(95)00107-7
http://dx.doi.org/10.5194/amt-6-585-2013
http://dx.doi.org/10.1006/icar.1997.5822
http://dx.doi.org/10.1086/430185
http://dx.doi.org/10.1086/111414
http://dx.doi.org/10.1109/TGRS.2009.2012696
http://dx.doi.org/10.1117/1.602250
http://dx.doi.org/10.1016/j.icarus.2011.04.021
http://dx.doi.org/10.11834/jrs.20165155
http://dx.doi.org/10.1016/j.icarus.2012.11.010
http://dx.doi.org/10.1016/0032-0633(95)00107-7
http://dx.doi.org/10.5194/amt-6-585-2013
http://dx.doi.org/10.1006/icar.1997.5822
http://dx.doi.org/10.1086/430185
http://dx.doi.org/10.1086/111414
http://dx.doi.org/10.1109/TGRS.2009.2012696
http://dx.doi.org/10.1117/1.602250
http://dx.doi.org/10.1016/j.icarus.2011.04.021
http://dx.doi.org/10.11834/jrs.20165155
http://dx.doi.org/10.1016/j.icarus.2012.11.010

870 Journal of Remote Sensing & &4k 2017, 21(6)

Yokota Y, Matsunaga T, Ohtake M, Haruyama J, Nakamura R, tral profiler and their dependency on local albedo and latitudinal
Yamamoto S, Ogawa Y, Morota T, Honda C, Saiki K, Nagasawa zones. Icarus, 215(2): 639-660 [DOI: 10.1016/j.icarus.2011.
K, Kitazato K, Sasaki S, Iwasaki A, Demura H, Hirata N, Hiroi T, 07.028]

Honda R, Iijima Y and Mizutani H. 2011. Lunar photometric Younkin R L. 1970. Optical reflectance of local areas of the moon. As-
properties at wavelengths 0.5—1.6 pm acquired by SELENE spec- tronomical Journal, 75: 831 [DOI: 10.1086/111028]

Comparison of lunar irradiance models and validation of lunar
observation on Earth
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Abstract: Lunar is the second largest field-of-angle object near the Earth, and its reflectance can be considered stable to 10° per year. Thus,
lunar is selected as the radiometric standard for the calibration of Earth-orbiting satellite-borne instruments and as the radiance source at
night similar to solar at daytime for ground-based and satellite remote sensing. However, the precision of existing lunar irradiance models is
insufficient to satisfy application requirements. To improve lunar irradiance models and verify the accuracy of the models, a three-month
Earth-based observation of lunar was conducted on December 2015 by the National Satellite Meteorological Center, China Meteorological
Administration. The hyper-spectral irradiance of lunar ranging from 399 nm to 1060 nm was retrieved by an imaging spectrometer in Liji-
ang, Yunnan. This study compared Earth-based lunar observations and other models (ROLO and MT2009 models). Results show that the
observations are more similar to the ROLO model than to the MT2009 model, and the difference between the two models is larger in the
shortwave infrared region than in the visible region. The average relative difference between the ROLO model and ground-based observa-
tions is approximately 5.86%. Causes of this difference are discussed in this study, which provides a theoretical foundation for establishing
an accurate model of lunar irradiance.

Key words: ROLO, MT2009, lunar irradiance model, Earth-based observation, radiometric calibration
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