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Vicarious Calibration of ASTER/VNIR Onboard Terra Satellite Based on Measurements

and Characterization of Aerosol Refractive Index and Size Distribution

Kohei Arar*

Abstract

A method for the after-launch verification of the linearity of the satellite based visible near-infrared radiometer
using two or more earth surfaces where reflection factors differ is proposed. Through the check by experiment were
performed and confirmed validity. Moreover, validity of the empirical refractive index for vicarious calibration

determined from our four year observation data of the solar direct, diffuse and aureole was checked through a

comparison to the vicarious calibration with the directly measured refractive index using solar direct and diffuse

irradiance measurement data. As a result of applying the aforementioned empirical aerosol parameters to vicarious
calibration of ASTER/VNIR, validity of the empirical aerosol parameters are confirmed for 7.5 years of ASTER/
VNIR data. It is also found that linearity of VNIR response (input to output characteristic) is confirmed.
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Fig. 1 Parameterization of optical depth of total atmosphere, water vapor, ozone, molecule and aerosol

with the observed optical depth (cross mark).

AOD : Atmospheric optical depth, OD H,O : Optical depth of water vapor, OD_O; : Optical
depth of ozone, OD MOL : Optical depth of molecule, OD OBS : Observed atmospheric optical

depth, OD_AER : Optical depth of aerosol
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Fig. 2 Changes in Top Of the Atmosphere : (TOA) radiance when =5 and 10% of errors are added to
the estimated real and imaginary parts of refractive index and the Junge parameter of aerosol size

distribution for the data observed at Saga university on December 13 2003.
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Fig. 3 Trend of the ASTER/VNIR Radiometric Calibration Coefficients (RCC) for 7.5 years since launch (Three
vicarious RCC are estimated for the data acquired on December 15 2004, January 3 2006 and January 22 2007).
OBC stands for Onboard Calibration Coefficient, Saga (E) and Saga (M) denote Vicarious calibration coefficient
with field data measured at Saga with empirical refractive index and those with directly measured refractive index.
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IOV VREETAR AW 5 &, dEh 153 1.5, HEHS:0.02) AEEREE LTHWA I EE L,

29%, IKiAMERI T 7 a v ouvis 711% I 2L ok 7 F/o, CORBREICE S EABRIEFRE (RCC) ZKD,

OV IUBRESNIEbDTH B EEZL 5N 5, BT L BB ITEEH O TR 1 RABRIEHRE
3.3 ASTER/VNIR DHEFEMHE DIEEE RCC & HIRT 5T &Iz &k - T, RXEME D AHEE M % 1M
2007 4 1 H 22 HiC, (kERFET 5 v FEIT 7 Eproih L7

RSB ROE IS 2 A2 7 2 b4 b & L TIVERIEZE Fig. 8 (a), (b), (o) icZxNTN, FRE RS EH#E

Fha L, FEERED SHEE L RR
VNIR 7 — % 7 538 H L 7o HERE

iR & ASTER/ TERG LI & O BR, T RS L BRI &
HEEHK LI, TOF R VNIR 7 — % /53R & 7 R & OBIf%R S L &R D

kA M, HIRERSER DS B E O O TREBRIEIC N—t v ML HIEIROEGRE R, BEEES
AKNTH 23, RIIRBED LERIIZTE L T 2 & i S Fric &k v [EHEH A RO TH B &, Table 2 IC/RT 2 B —
U 7o a0 (G REsRE 11 ) It s 27 TENLTRTHBIERD o1, T, FEFEICEHE

o OVEZEIRITER O 2003-2007

FEORAAM oA E (5 DIHEIRE B /RT s Fig. 8 (b) & Table 2 25, ASTER/

— 251 —



FEICHB T 5 = 7 o VLR o BB S ic kS < ASTER/VNIR + ¥ 4 OABIKIE

0.42
0.40
0.38
0.36
0.34
0.32
0.30

Aerosol optical depth

0.28
0.26
0.24

0.22
0

0.89

0.87

0.86

0.85

0.84

Single scattering albedo

Asymmetric factor

2 4 6 3 10 12
Month

(a) Aerosol optical depth

The real part of refractive index

2 4 6 8 10 12

Month
(b) Single scattering albedo

The imaginary part of refractive index

0.73

0.72

1.54

Month

(c) Asymmetric factor

1521

1.48}

1.46}

144}

1.42}

140+

1.38

0.04

2 4 6 3 0 12
Mounth
(d) Real part of refractive index

0.035

0.03

0.025

0.02

0.015

0.01
0

2 4 8 10 12

6
Month

(e) Imaginary part of refractive index
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Fig. 7 Volume spectra (Diurnal change of the aerosol size distribution) in (a) winter, (b) spring, (c)
summer and (d) fall seasons.
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fields measured at Saga University on January 22 2007.
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Table 1 Estimated and ASTER/VNIR data derived radiance and their percent difference for the different
surface reflectance (Ref) of seven test sites in the vicinity of Saga University.

Bl B2 B3N
Ref %Dif | TOA ASTER | Ref %Dif | TOA | ASTER | Ref %Dif | TOA | ASTER
0.17 -1.6 60.7 61.67 0.22 112 614 54.52 0.35 17.7 67.0 55.14
0.097 9.8 43.1 4732 0.13 10.6 38.8 34.69 0.18 12.8 35.6 31.04
0.13 -2.2 51.6 52.74 0.16 18 475 3895 0.23 16.7 44.5 37.07
0.14 -0.9 55.6 56.10 0.16 14.9 474 40.34 0.19 4.5 38.8 37.05
0.16 -2.5 58.7 60.17 0.17 14.8 50.7 43.20 0.23 79 46.8 43.10
0.079 -10.2 38.7 42.65 0.089 10.9 30.7 27.35 0.12 12 252 22.18
0.060 -84 342 37.07 0.071 10.1 26.5 23.82 0.094 143 21.0 18.00

Ref: Surface reflectance, %Diff.: percent difference between estimated TOA : Top of Atmosphere radiance and ASTER/VNIR

data derived radiance(ASTER) in unit of W/cmstr for both radiances

Table 2 Gain, offset of the VNIR band 1,2,3N and cor-
relation, bias and slope of the relation between
estimated and VNIR data derived radiance.

Band1 |[Band2 [Band 3N
Slope 1.12 1.17 1.2
Bias(%o) -8.42 -0.7 -1.8
(Correlation 0.995 0.992 0.987
Gain 0.73] 0.78 0.85
Offset(%) -1.0 5.0 2.5
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Fig. 9 Gain (x10) : G, offset : O of the VNIR band
1,2,3N and correlation : C, bias : B and slope (x
10) : S of the relation between estimated and
VNIR data derived radiance.
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