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Radiometric Cross Calibration of AVNIR-2 and MODIS Using
Directional Functions of Top-of-Atmosphere Reflectance

Hiroshi Murakami*, Takeo Tapono* and Masanobu SHIMADA*

Abstract

An effective cross-calibration scheme is proposed and used for evaluation of AVNIR-2 radiometric accuracy. The
scheme uses top-of-atmosphere reflectance functions of satellite zenith angle at each sample point. Each function was
made using MODIS 500 m observations at temporally and spatially stable ground sites over 16 days which includes
an AVNIR-2 observation date. As the result, radiances of AVNIR-2 channels 1 (463nm), 2 (560nm) and 3 (652
nm) agreed well to the radiances of Aqua and Terra MODIS channels 3 (466 nm), 4 (554nm) and 1 (646 nm)
respectively within 5% accuracy. AVNIR-2 Channel 4 (821 nm) radiance was evaluated lower than that of MODIS
channel 2 (856 nm) about 15% on average. If we considered influences of atmospheric absorption and spectral slope
of the ground sites, the AVNIR-2 channel-4 difference against MODIS was estimated to be lass than half of the 15%.
This cross-calibration scheme among similar orbit satellite sensors can provide many samples which enable us to

analyze sensor response dependency on different observation conditions such as sensor-pointing angles.
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Fig. 1 Sample images of (a) Rub’ al Khali on 21 May 2006 and (b) Sala de Uyuni on 21 Aug. 2006.
Marks X show grids selected by the criteria (ii) in this text.
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Fig. 2 Examples of site-wise otoa (0) (see (v) in the text) using (a) Terra and (b) Aqua MODIS
reflectance (black curve) at 51.45°E 20.70°N in the Rub’ al Khali. MODIS (14-30 Aug. 2006)
and AVNIR-2 (21 Aug. 2006) observed reflectance are overlaid by dots and crosses, respectively.
WL indicates AVNIR-2 center wavelength, Tgt, AVNIR-2 TOA reflectance, Sim, TOA reflectance
simulated by the proa (8), N, number of samples used in the regression, regerr, regression residual
error, and y=..., regression equations proa (0).
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Fig. 3 Relative spectral response of AVNIR-2 channels 1, 2, 3 and 4, and MODIS channels 3, 4, 1 and 2. An
example of TOA radiance spectrum is overlaid for reference of atmospheric absorption in the AVNIR-2
channel 4. AVNIR-2 ch4 includes O, absorption around 763 nm and H,O absorption around 820nm.
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Table 1 Center wavelength A. and Solar irradiance Fy
of ANVIR-2 and MODIS channels.

AVNIR-2 Ko MODIS ¥
A . [nm] (chy | [W/m’/um] | & ; [nm] (ch) [ [W/m®/pm]
463.0 (1) 1943.3 465.8 (3) 2058.6
560.0 (2) 18137  553.8(4) 1840.0
652.1 (3) 1562.3 646.4 (1) 15812
820.6 (4) 1076.5 856.4 (2) 971.1

Table 2 MODTRAN4 simulation.

MODTRAN simulation condition Simulated AVNIR-2/MODIS ratio
v | 8 8 | @ [water] o |surfacef oo . . . .
“"2:’(11"““ \deg| |Idegl| 1deg | vapor “f"”c“l height ::A':;Z;Z:““" 1" 21 31 41

|| 1mmp | BP |m|

No (a) Rubal Khali | 0.998] 1.016] 0.994] 0.897

I |US Standard| 0| 30 90| 14.16] 0
acrosol (b) Uyuni 0.997]  0.994] 0994 0.929]
. Rural (2)Rubal Khali | 0.996] 1019 0.993] 0.893

11 |US Standard| 0| 30| 90| 14.16|,: 0
Vis=23 (b} Uyuni 0.997)  0.994] 0.993] 0925
11 |reopical ol 30l ool arisRumel @ Rubal Khali | 1.001] 1.004] 0.994] 0.865
Vis 23 (b) Uyuni 0997 0.984] 0.995] 0895
wlus stendaral 40| as| 60l 238K sgoal@ Rubal Knali[ 0994 1.023] 099 0.924
Vis =23 (b) Uyuni 0.997)  0.998] 0.995] 0.957

*1 Channel number of AVNIR-2. See corresponding MOINS channel numbers in Table 1.
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Table 3 Orbits of AVNIR-2 and Terra/Aqua MODIS.

ALOS AVNIR-2 Terra MODIS Aqua MODIS
Orbit Sun-Syn.chmnous Sun-Syn.chmnous Sun-SyI‘qchmnous
D ding 10:30 Dx ding 10:30 Ascending 13:30
. Repeat Cycle: 46 days Repeat Cycle: 16 days
Repeat Cycle Sub Cycle: 2 days Sub Cycle: 2 days
Altitude 691.65 km 705km
Inclination 98.16 deg 98.2 deg
Satellite zenith | -44~+44 deg (pointing and detectors) | —65~+65 deg (mirtror ing)
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13 MODIS F + ¥ %)V 4 ITHART 2% BEEL B0 5 5,
AVNIR-2 F + ¥ 3V 4 &, REEMOBEN VG
I3 MODIS F + ¥ %)L 2 1THANT 3~4% RE/NES {12 5,
& 51T AVNIR-2 D F + ¥ % )b 4 (3 820 nm 3T DIKFEE
DUIN S 763 nm T DFEFZDOWIN OB %2, 15 4
IKEZEZDEINTN L 3% FEEOIKT, EEoiinoxfL
3% FEEOHINARLTWVWS, IhHITkD, VT TN
D ISEICHYS T A HIERE Z <7 F LV ERKEF L (D ET
DEMBEDORIEEZ 5N D) OEE, MODIS F + ¥ % L2
IZ%f9d % AVNIR-2 D F + ¥ %)V 4 DGR DHIZ 0.9 LL
Nicts %,

PibEm o, MEISEREDE VI XK 5 TOA KEFRAD
BT AVNIR-2 F + ¥ 2V 1 & 3 TR 1% Kih, F + v
22 TR 2BIEEEFREN, F v v b4 ZHIEGT
ARG PIVCE BBV 3B RETH 50, S oHIKK
OWINZZET 5 &, Xid 5 MODIS F + ¥ x Lk D
10% UIt/NS K12 55 T Enbh b,

3.4 AVNIR-2 & MODIS DXF5 - BiEAELMHE

ALOS/AVNIR-2 & Terra/MODIS O 18 i} £ 8118
EREIRELMTE Y, MODIS DO[alj7/EHH 16 H O ERIE
AT, AVNIR-2 IZEN T 2 HESM 2 H N -7
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BA1%) (3 Terra/MODIS %> AVNIR-2 &[5 U 1 B TH
D, RO ZH AR SHRES R TRIRCH 5 L1
(¥, Aqua/MODIS T & K5 & BEIfI 7 CTRERS (FFHRIC
st U CORis) BUNAESREBE 5N 5, £ 72, MODIS i3
FFHE 16 HSO T, TOA KRR %K 5 Dic+45)
BED O (THbbEAK 16 Al MHEo5h b,

VI bdr 5, AVNIR-2 & Terra & Aqua MODIS O #HIf
FEZEE (00, ¢, 60) IZEELILTHD, MODIS ® 16 HlalfgD
12 AVNIR-2 ® 0 2k A3AT K 5 7 MODIS @ 0 D3 FAE
%D T, MODIS B TfE 2B A/ L 72 AVNIR-2 7 —
5y L DHIEAFRETH B,

3.5 Lyroa ZENGE(M

AVNIR-2 OEAIAFE & T 0 A HEEERES 1 b &,
WL DD DEIEH O EHEE H A F 12> W T, MODIS Level

Table 4 Ratio (rs.;*) of standard deviation of predic-
tion by the TOA-function curve to the average
TOA reflectance at AVNIR-2 test sites.

Terra Apr. 01=16, 2003 Agqua Jan. 01-16, 2003
[Name latitude | longitude | 466 | S5dnn | 646mm | 836nm | 466nm | 354nm | Gétnm | 836mm
[Australia-1 2370 133s0] oos2 oa0s| o3| o12s] oos2] 0.139] 0439 0138
Australia-2 2521 13ie2] oozs] 0.080] ooed| 0058 00s3] ooes] 0053 00130
Lake Frome -30.75]  139.833] 0067 0.076] 0075] 0.061] 0.048] 0050 0.047] 0048
Tinga Tingana 29000 139.75] 0052 0066 0074 0056] o041] 0.030] 0028 0027
Sahara-1 19.12] -85 ood0] o2t ool 003 oo0ma] o8] ooel] 0,030
Sahara-2 18.00) 12.00] 0012] o016 0023 o022 o024] oo21] 0022] 0.025
Lybie 28.90) 23.75] 0024 00200 0019 0020 0080 0048 0.032] 0.030)
Rub Al Khali 52.00) 2io0] o018 002s] oms] o028] 0o0n] 0013] 0014 0013
White Sands 3250] -106.20] oues] 0.39) 0088] 0.058] 0094 0189 0.044] 00120
[ Arizara 24512 6770 0030 0061] 0.073] 0.066] 0258 0266 0.230] 0215
Barrow T1.00)  -156.50] 0.025) 0.024] 0027 0041 NA NA NA| NA
(Gireenkund T0.00] 4000 0035 0.050] 0.045] 0043 NA MNA A NA
Antarctica =800 40,00 NA NA NA NAL 0.007] D.@E 0.010)  0.010)

* See equation (7) in this text.
Sy less than 0.04 (4%) are shaded.

1B Subsampled Calibrated Radiance 5km 57— % (2003 4F 4
H1H~16 HE, 200541 H 1 H~16 H) ZHWVT oroa
MOPIS D [al =X proa™® (0) ZED, % D[R D EEHER
D TOA HFMIAMEITHT T B (5w, I (7)) ZHV
T proa DEEMEZFHM L 72 (Table 4),

N
\/ ;1 (Cor OAMODIS):‘ — 0104 (6) /N

rsregf

N O
g:l (pToAMODIS>i/N

22T, i3 MODIS s v 7, 6,138y v 7 i
15 %5 MODIS i KA, N 39 v 7 Ve kd,
AHOF=sTcRI N5 Exa—, T —=v5 v RBE
&, Australia-2 [ZFEEEAMEWAEIILE, 1 HoF— 4
Tl Tinga Tingana, %5, 75 A # « /N0 —, FgRNEZE
ELTWi, 4 H& 1 A3, Australia-1 & White Sands
& Arizaro (3 HRESVIRFRIZ NN L D> - 720
CCTCOFEIZSkm Vv 7)) v F =5 2H0i T
LIk BEEELEEIN TV S, ERSRFEDZ 500
m 7 — ¥ AR IES SITHEEN LB alReEn b 5, 4l
HWizv 4 b2 Tld, 0 DBcHRE2E(LLy b7
NN DRI DS D/NES s - T2 THIFERIHEEIC &L
BETFMEICE - T, EEOHEEHEET 2 &V O AGHX
DOFENNRIE T 7o —FTh B EERLTV S,
Pibrs, &EoBWHA b (BIZIEH TPV T T
AN P E) OREIERE, 16 HED 6 1264 3 mlRn
52%~5% DN TLEL TV S E WA B, & K[EEE
12, IS OEYIEHSEEING 52 Ltk -, [AkER
FEREEPHN T MODIS & AVNIR-2 % Hid % & & A3ufhE
ThbHEVR B,

4. BRER

4.1 MIBGELR

RFZE RIS ZEE L T B @i - SR sHIic > v g,
ALOS O AR IEMEEEH 7 = — XITH 1 5 AVNIR-2
7= 5 2R LT, BUS & 21T - ot s Th T ho
v — V% Table 5 1ICRd, TNOHDY— v E2ET 16 HY
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Table 5 Sample area and date.

Aren Date Lo_ngiludc E Lfalil de N Numbcr
min | max | min | max |of'scenes
Sahara Mar. 19, 2006 -60] -3.0] 160 220 6|
Arizaro Apr. 25~May 02,2006 | -68.2| -67.0| -25.4| -24.0 4
'White Sands |Jun. 1, 2006 -107.0) -105.6) 32.4| 33.6 1
Uyuni Aug. 21, 2006 -69.0| -66.0] -21.0] -19.0 2
Rub Al Khali|May~Sep. 2006 503] 5171 20.5] 215 38|

(a) AVNIR-2 and Terra MODIS

Table 6 Statistics of comparison between AVNIR-2
and MODIS radiance.

Number of samples AVNIR2ZIMODIS ratio RMS line*
AVNIR-2 channel 1 2 3 4 1 2 3 4 1 2 3 4
Terra MODIS 191019221804 | 1575(0.978|1.046(0.999 |0.851{0.021 |0.023]0.022]0.022
Aqua MODIS 1727|1732 1718 1449(0.962|1.035(0.978 | 0.844 | 0.024 |0.020|0.020|0.021

* RMS line: Root riiean square of (ratio — average ratio)

_ B0, N=1910 o i _ ¥ cna, N=1804 B[ 4, N=15TS
E E E E
5 0 5 5 a0 5
H E 5 B
A 250 A 250 250 e Y
E E E E
2 om0 2 20 2 200 g w0 5
H 3 3 3 /
_F 10 e _F 1m0 _F 1o .,
2 o & 1o & oo g
= = H Z s
z % ‘skope=0.578, AVy=132.08 z w0 slope=1.046, AVy=165.94 Z = skope=0.999, AVy=187.36 z ‘Slope=0,851, AVy=137.91
i RMSR=3.0%, RMSline=21% AMSR=5 5%, AMSine=2.3% AMSA=2.2%, AMSiine=2.2% AMSfi=15.1%, RMSine=2.2%
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LIOA simulated by Tera MODIS er simulated by Terra MODIS L'm simulated by Terra MODIS er simulated by Terra MODIS
[Wim#/srium] Wime/asium] [Wim®isium] Wim?/seium)
(b) AVNIR-2 and Aqua MODIS
e, Nat727 _ e, Net732 _ M ena, Ne1718 .
E E | i
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x
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- slope=0,962, AVy=131.49 z 5 slope=1,035, AVy=168 584 2 50| 4 siopes0978, AVy=187.42 ) slopes0.B44, AVy=138,08
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Fig. 4 Scatter plots of observed and simulated AVNIR-2 radiances.
X-axes of (a) and (b) are simulated radiance by p1oa (f) made by Aqua MODIS and Terra

MODIS observations.

Ch# shows AVNIR-2 channel number ; N, number of samples ; slope, average ratio of AVNIR-2/
MODIS radiance ; AVy, average of AVNIR-2 radiance in W/m2/str/ym ; RMSR, RMS of
(ratio-1) ; and RMSline, RMS of (ratios minus the slope).

@ Terra B £ U Aqua ® MODIS 500m Level-1B 57— ¥ (/X—
Y a V3 Collection-5) % NASA Level 1 and Atmosphere
Archive and Distribution System (LAADS) 2> 5HUSL,
TOA 53R D BA$ % fdi - 7 T2 & - T AVNIR-2 &
Terra £ & UF Aqua MODIS & O H# %17 - 72,

4.2 HEHR

Fig. 4 |4 Terra & Aqua T L 1 SHERE L 72 AVNIR-2
KRG B 12563 5 AVNIR-2 FEHIFER O E(7FX], Table
6 IZDHFHERDE LB Th %, MMKDEYFERRD S
DD “IFEPEITHE (RMSie) D4 ¥ 7 VI
BHEII 2% B L& <, IEFICLE LI HENE SN
THY, TOTFRECXZHBOEINEERL TV 5, Terra
L Aqua DERBBLZ 2% LT EHESN TV B0,
T TORERS AVNIR-2 & DHILICH T B Terra & Aqua
DFEVIF 1B RETEBEIZ B LTWVW5E, F+ V3
ICRA &, AVNIR:2 DF + ¥ %L 212250V TIE, MODIS
XD ABREEL, F v v AN 4I1CDVWTIE MODIS &0
15% FEEE{R

Table 7 (Z&Y 1 MTB T 5 IBHERTH 5, AVNIR-2/
MODIS fE DY 1 N EDOEWVWIETF v+ ¥ 2V 1~3 T

Table 7 Statistics of comparison between AVNIR-2
and MODIS radiance at each test site.

AVNIR-2/MODIS ratio | Number of samples AVNIR-2 gain*
chl | ch2 | ch3 | ch4 | chl | ch2 | ch3 | chd | chl | ch2 | ch3 | ch4

Site Date MODIS

Sahara |Mar. 19, 2006 Terra [0.989|1.067/0.993[0.870] 330| 330| 210| 121 3 3 3 3
Aqua |0.986]1.063/10.968(0.857) 41| 45| 28 I8

] Apr. 25~ rerra |1002]1.032[0961[0.881] 2] 2] 2] 2
Arizaro 33|33
May 02,2006 | Aqua [0.994[1.056[0990[0.913] 5] 5[ 5] s
White ||\ oo |Teme | NAL NA| Najessol o] of of 3F o | [,
Sands Aqua | NA| nNaA| Nalogas] o o o 6
Usuni |Aug. 21, 2006 |_Ler J082]1029J0993(0895] us] vis| us[ sl | T [,
Aqua [0.974[1.029[0.984[0.891] 79[ 79| 79| 79
May 01 ~ Terra [0.985]1.052(0.994(0.860| 410| 423 423| 331
3 3 3 3
Rubal |SeP- 19:2006 | aqua [0.964]1.044]0979[0.837] s02] 505] s06] 493
Khali sy 01 ~ Terra [0.972]1.045[1.004]0.840] 1050 | 1049] 1051 | 1000

Sep. 19,2006 [ Aqua [0.956]1.032[0.978[0.842] 1100] 1098 [ 1100] 848

*3: normal gain, 4: low gain

1%~1.5%, F v+ 324 T2%~3% THV, TOFEMN
ZELTWVWA EHT, AVNIR2 EEIREBIK bZEL T
WA EERLTVS (TTTRREEOVA, &HA -+
4 P DY T NERN R - B DEWD 2% RETH
%), 72, MODTRAN4 D 3 2L —v a3 Y THAlEH
ki, FrrRr2TR, BEAROY=IGHIcE
I 5EL D bt~ TREODOIHEDE I %m M MEZR L
TEY, Fr x4 TRESHEKELPRLGD FIT
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(a) Terra MODIS
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Fig. 5 Comparison between AVNIR-2 and MODIS ((a) Terra MODIS, and (b) Aqua MODIS) on the

pointing angle of AVNIR-2.

Image pixel numbers in a scene were also converted into an equivalent for a pointing angle.

Dashed curves show tendencies commonly seen in the comparisons to Terra and Aqua MODIS.
Ch# shows channel number of AVNIR-2, and N, number of samples.

K BRI D150y 2 = IR Arizaro (1275 3,600 m~
4000m F2E) THOY A FEDEWEERL TV S,

5. XLEHEEBE

51 BERABROELD

BRI O ¢ & 0 DFIPHMMUT O 2R £ ~
fllc#Ef T X 2HAREFEHEZRE L, COFHE, B
MFNCZEE Ll v — 4 P2V S T &Ik - THi
HEOTN%E b HREHET 2000, HEKEMDE
WEABAMCHIET 2D TH %,

AVNIR-2 @] 7 — & TR ZEfNTBEE A3 2EE L 7ol
Ey =4y b aEBOHL, TOBBIHNEZET 16 HEO
Terra & Aqua MODIS @ 7 — % T TOA X 53R % i B KT8
OB E LTHRKL, EEO AVNIR-2 FlEO #2117 -
1o T DGR, AVNIR-2 DF + v %/ 1, 2, 3 CAVNIR-
2 & TOAB% % /v L 7- MODISHEE D 213 5% LI &
155726 AVNIR-2 D F 4 ¥ 2 )V 4125\ T 3 MODIS ®
F v 22 KD 15% RV E VS FER &85 7,

5.2 AVNIR-2 & MODIS QERIEEICK 22\ DERE

KIGREEE ICX 3 2 I REINEIT & 5% 13 TOA O KGR
ENTHIETERLTVS, L LHIERmOKFRZ ~
7 N VITHD B 555 REDOBIND b 55451 13 E
IRE DTk - TEMEL S D, MODTRAN4 IZ L % v
Tal—va vARiTokfERTR, WE i) 05—
iy MIZEMEH (W) 05 =y Mt Fe v xor
2T2%FREAREL, F+rrL4aTIRIBEENSCH
bohalEnFlansd, SOy v F Lo v
TTNUNYVWETHBEE2EET L&, S OFER
(Table 6) 76 N6 DEEFX, F+xL2ITBIT5
4% DFEVOHPEDE T DB L A T ENFME L EZ
5N 5,

F o VENATI, §=7 v FORRT MVABITA
T, RIGOWINDEEIZL > THRELFEEIN 5B,

MODTRAN4Z & 2 AVNIR2F % ¥ % V4D ¥ I =
L—va v (Table2) 1L 3 &, AVNIR-2 &illl/MODIS
o OHEEMIR I, VT 7o) WE (EEEOBIRISHE
WWIEVWRSEET~, MEmR X7 bba) TO0.87~
0.89, ML EiTd By =15 (EEOBNSEC
VKRR - BRIV, HIZERH A <7 Fvb) TIE 096 &
5ot TAUTH LT, FEEN T — 5 ofERIE, v Tov
) PhIEE 0.84~0.86 (Table 7), 7 2 =15 0.89~0.90
(Table 7), &% 7 OVT TN IBEED Y v 7 IVEDS
8 EILL % 56 5) gD HER (3 0.84~0.85 (Table 6) TH
D, 51HITH T 15% FHRE DD 4Ll EA AVNIR
F 4 ¥ %4 & MODIS F + ¥ %)V 2 OIFEINEDE NI
ERT 2 EEZ 5N 5,

PibEn o, WEIREICER L 72 AVNIR-2 & MODIS ©
# &, MODIS Ot IKIERGEE D 5% K b B & O
O 2 Z SbENiE, AVNIR-2 OHALEDKIERE
75 LR OMERIERE» AT LTCOREWL) 1, 4
F v YRNVETICBWTHERED 10% £ b ROFERE
BoTWBEEZ LN,

53 RAVF 4 vIBEBOLER

COFEORETH 2 EMMICE L 0% v 7 upEET
X232 &EAEFAHL, AVNIR2 DX A ¥ F 4 v 7 AEBOH
MERA T, TDhiEER &, MODIS OGN ERDEL
{77 (Response Versus Scan, RVS) s Lblhl B icE
BT A &It B, L, MODIS 7 — % (38
RIEFERZH W RVS RERMIENERS N T IV, 5
ZFEHIN VS EPEFFIN S, F 72, Terra & Aqua
MODIS Dl 55 ClREk @R AEHN L, LY #EFEIC AVNIR-
2ORA VT4 v IS - REROFEEEZ S Eh b
L1172, Fig. 5 %% & MODIS @ Terra & Aqua MODIS
DO TR EN (KR cRd) »ERn o5h b,
L»L, ZOMoOZHEHEIBELZT SBLINTHD, b
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