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Abstract—On June 11, 2000, the first vicarious calibra- bands, centered at 446, 558, 672, and 866 nm (determined
tion experiment in support of the Multi-angle Imaging using a moment analysis on the total-band response region).
SpectroRadiometer (MISR) was conducted. The purpose of — aarosol properties, optical depth, and surface bidirectional
this experiment was to acquirein situ measurements of surface flect th duct trieved f MISR ob
and atmospheric conditions over a bright, uniform area. These reflec f”‘nce are among the proauc S.re rleve. er 0ob-
data were then used to compute top-of-atmosphere (TOA) ra- S€rvations. In order to meet MISR science objectives, accurate
diances, which were correlated with the camera digital number radiometric products are required over the lifetime of the Terra

output, to determine the in-flight radiometric response of the mission. As an example, a 3%« absolute calibration is spec-
on-orbit sensor. The Lunar Lake Playa, NV, was the primary ified over uniform, bright scenes

target instrumented by the Jet Propulsion Laboratory for this
experiment. The airborne MISR simulator (AirMISR) on board
a NASA ER-2 acquired simultaneous observations over Lunar A. Prelaunch Calibration

Lake. The in situ estimations of top-of-atmosphere radiances . . . . . .
and AIrMISR measurements at a 20-km altitude were in good To provide for MISR radiometric calibration, an extensive

agreement with each other and differed by 9% from MISR prelaunch testing and calibration program was conducted
measurements. The difference has been corrected by adjusting[2], [3] to understand the instrument performance and to
the gain coefficients used in MISR standard product generation. characterize those properties that are not easily measured once

Data acquired simultaneously by other sensors, such as Landsat, . _ . . . . .
the Terra Moderate-Resolution Imaging SpectroRadiometer on-orbit. The preflight radiometric scale was established with

(MODIS), and the Airborne Visible and Infrared Imaging Spec-  Use of laboratory h_igh quantum effic_:iency (HQE) photodiode
trometer (AVIRIS), were used to validate this correction. Because detectors. These light-trapped devices are 100% externally
of this experiment, MISR radiances are 9% higher than the values quantum efficient over the spectral range of interest to MISR.
based on the on-board c_allbratlon. Semiannual field campaigns Thejr response is traceable to the Systéme International (SI)
are planned for the future in order to detect any systematic trends svstem of units. via the measurement of aperture diameters
in sensor calibration. y ' . . b . ’
aperture separations, and filter transmittances. Verification was
performed via a round-robin experiment that included National
Institute of Standards and Technology (NIST) participants [4].

Index Terms—Calibration, MISR radiometric calibration,
vicarious calibration.

|. INTRODUCTION B. On-Board Calibration

NE OBJECTIVE of NASA's Earth Science Enterprise | addition to the preflight test program, the instrument makes
is to provide data sets useful in the study of climate arghriodic use of an on-board calibration (OBC) system [2]. The
global changes. As part of this program, the Earth Observigghc consists of photodiode detector standards and two Spec-
System (EOS) Terra spacecraft was launched in Decemigiion diffuse panels [5]. During bimonthly calibration experi-
1999. The Multi-angle Imaging SpectroRadiometer (MISR) i;ents the panels are deployed, and sunlight is reflected simul-
one of five instruments on board this spacecraft. MISR has ni%eously into the detector standards and MISR CCD cameras.
pushbroom cameras which provide images of the earth at njpgs the regression of the camera digital number (DN) output
view angles of0°(A,,), £26.1°(Ay, Aa), +45.6°, (By, Ba),  with the photodiode-measured radiances that provides the gain
+60.0°(Cy, C,), and+70.5°(Dy, D,), relative to nadir, both coefficients needed for MISR standard product generation. The
forward (+) and aft () along the direction of flight [1]. Each aqyantages of the OBC calibration include the ease of acquiring
camera uses four charge-coupled device (CCD) line arrays ig4a, the simplicity of the data analysis (e.g., there is no need to
single focal plane. The line arrays consist of 1504 photoactiygrect for atmospheric scattering in the data), and the precision
pixels, and each line is filtered to provide one of four spectrgf the resuilts. It is found that MISR gain coefficients, derived
from OBC data, follow a smooth trend line with time [6]. Data
Manuscript received October 8, 2001; revised February 23, 2002. This wdfiom the OBC are particularly useful in establishing the pixel-,
was supported by the Jgt Propulsion Laboratory, California Institute of Teoband_' and camera-relative calibration coefficients. One of the
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Fig. 1. lllustration of MISR footprints in path 40, orbit 2569 on June 11, 2000. Each path is divided in 180 blocks. Block 60 contains the data measured ov
Lunar Lake, NV, and is used in the analyses described in this paper.

in tracking radiometric stability with time and in providing ac{ute response, however [6], the absolute radiometric scale re-
curate camera-relative, band-relative, and pixel-to-pixel calibrizes on the use of periodic VC experiments to calibrate the nadir
tions. Because of uncertainties associated with the OBC absamera.
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C. Vicarious Calibration

MISR and its airborne counterpart, AirMISR, rely heavily
on vicarious calibration (VC) experiments to validate thi
absolute radiometric scale [7]. Vicarious calibration form
a completely independent pathway for monitoring instru
ment radiometric performance, including error assessme
with all reflectance standards, field instruments, and atm
spheric radiation measurements, tied to NIST-verifiable sta
dards. The experiment follows a reflectance-based approz
where ground measurements of the atmospheric optical def
and surface reflectance are made over a bright natural target
validated one-dimentional (1-D) radiative transfer code (RT(
was used, constrained by the field measurements, to cal
late the top-of-atmosphere (TOA) radiance at the sensor (s
equations in Section IlI-A). The RTC is based on the dis
crete ordinate matrix operator method in [8]. The input t
the RTC include the ground measurements of the surfa
reflectance, the atmospheric (molecular, aerosol, and ozol
optical depth, and the aerosol scattering properties. In &
sence ofin situ aerosol sample measurements, an appropriz
model, constrained by the spectral optical depth measureme
(see Section I1), is assumed. The RT calculations are then cc
pared to the sensor digital response to provide the camera rac
metric calibration.

Bright dry lake beds in remote desert environments (e.(
Rogers Lake, CA and Lunar Lake, NV) were selected fc
MISR VC campaigns. Low aerosol loading and cloud-fre
atmospheric conditions are common to these two sites. Under
these conditions, the TOA radiance is predominantly sensitii§- 2. Nadir-view ArMISR image of Lunar Lake, NV, on June 11, 2000.
to the accurate measurement of surface reflectance properties.

Sensitivity studies showed that errors in the aerosol charac-The uncertainties of the reflectance-based VC experiment are
terization result in less than 3% errors in estimating the totddminated by the uniformity of the target surface within the
TOA radiances at these sites. It is relevant to mention that ¥4SR footprints. The minimum target size is roughly>33
intercomparison campaign, at Lunar Lake, June 1996, wegnsor pixels, butlargeris preferred in order to avoid concerns of
carried out specifically for the EOS validation and vicariougdjacency and sensor point-spread function effects. MISR nadir
calibration teams [9] to calibrate and compare the performani@®tprints are 250 m on a side. Therefore, the ideal site would
of the instruments and procedures which are now used in #@ spatially uniform (to within 1%) over an areax11 knv
validation and vicarious calibration of EOS instruments, sudh size. On the other hand, the AIrMISR instantaneous foot-
as the Terra Moderate-Resolution Imaging Spectroradiomeléint in the nadir view is 7 m across-track by 6 m along-track
(MODIS), the Advanced Spaceborne Thermal Emission a8@ that one MISR pixel is approximately 36 35 AIrMISR
Reflection Radiometer (ASTER), and MISR. The resultgixels. It is much easier to find a homogeneous target that is
obtained by the participants agreed to within 3%. larger than 20x 20 AirMISR pixels. Uncertainties due to sur-

The present work describes the first reflectance-based f&se inhomogeneities are considerably diminished whemnthe
experiment for MISR after its launch in December 1999. Th‘gtuground measurements are correlatec_j first with AirMISR ra-
experiment was first conducted for MISR’s airborne simulatofiances. The latter, averaged over835 pixels, are then com-
AIrMISR, at Moffett Field, CA, on November 5, 1997, as parEared to MISR’s digital response to update th_e absolute calibra-
of a campaign to test and validate the process [7]. AirMISR, 48N of the OBC photodiode standards and, in turn, that of the
explained in the next paragraph, has a crucial role in MISRMISR CCD cameras. The following section briefly describes

VC experiment. It has a single camera constructed from midpe field instruments and measurements. For more details see

brassboard components and is mounted on a gimbal sys
that simulates MISR viewing geometries [10]. The AirMISR
package resides in the nose of the NASA ER-2, which flies at
a 20-km altitude. AirMISR is calibrated on a yearly basis, or as On June 11, 2000, MISR flew over Lunar Lake (38.3&ki-
required, following the same laboratory procedure that was usede,—115.99 longitude) in orbit 2569 (path 40, block 60) as
in MISR prelaunch calibration. The most recent laboratory callustrated in Fig. 1. On this orbit, MISR acquired a nadir view of
ibration of AirMISR was conducted in April 2001 and showedhe lake, within~2° from the normal to the surface, at 18:53 UT,
no significant changes from previous calibrations. 11:53 Pacific Daylight Time. The sun was at a zenith of 18.2

Il. IN STU FIELD MEASUREMENTS
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Fig. 3. Satellite-map projection of the GPS data of Lunar lake perimeter. The dotted lines show the track along which the surface reflectancenmseasveem
made using the portable spectrometer (ASD). The positions of the seven ASD data points used in the RT calculations are marked. Also shownans tie locati
a) the PARABOLA, b) the Boeing Corp. camp, and c) the UoA (MODIS’s VC) camp, which was present prior to the June 11 experiment.

and azimuth of 142 relative to local north. With both AirMISR ~ MISR’s VC camp, established for ground measurements, was
and AVIRIS on-board, the ER-2 aircraft made six runs of datacated at the northwest corner of the playa. Ground field in-
that morning, over the course of an hour. Of these, run 3 wsisuments involved in the June 11, 2000 experiment include the
acquired over Lunar Lake at the time of the Terra overpass aiadlowing.
with a north—south, MISR-like flight orientation. AirMISR ac- The Analytical Spectral Devices, Inc. (ASD) Portable Spec-
quired images of the lake at nine view angles equivalent to thasemeter: Because of its portability, the ASD was mounted
of MISR’s nine cameras. Fig. 2 is a nadir view AirMISR imag®n a tricycle, so as to acquire reflectance measurements at
of Lunar Lake taken on that run. The lake is about 3 km widgarious locations on the playa, in order to measure the surface
and 5 km long, equivalent tee12 x 20 MISR pixels or~430 spectral hemispherical directional reflectance factor (HDRF)
x 715 AIrMISR pixels. The playa is homogeneous in compdenly in the nadir view direction) as a function of wavelength
sition and has a flat, hard surface that is much brighter than tinethe spectral range 350 to 2700 nm. During these measure-
surrounding terrains. As shown in Fig. 2, the surface brightnesgnts, a global positioning system (GPS) receiver was used to
varies across the playa. This, as will be shown later, was takexord the ASD locations at each point. The playa perimeter
into consideration during measurements and calculations to paed other points of interest were also located. Fig. 3 shows the
serve the required accuracy of the analyses. GPS data and illustrates the ASD track around the playa. The
Sensors present at MISR overpass time and used in #8D data at seven different points on this track are shown in
analyses were the MODIS, on board the Terra spacecraft, dfid. 4. These data capture the full range of brightness vari-
AVIRIS, which flew with AirMISR on board the ER-2 aircraft. ation on the playa. Uncertainty in the ASD measurements is
AVIRIS is periodically calibrated in the laboratory and by Voetter than 2%.
experiments [11]. Also present were ground field measurementsThe Portable Apparatus for Rapid Acquisition of Bidirec-
by the MODIS VC team, University of Arizona (UoA), Opticaltional Observations of the Land and Atmosphere (PARABOLA
Science center. MODIS’s VC camp was deployed at Railrodid): PARABOLA Il is a sphere-scanning radiometer which
Valley (38.496 latitude and—115.67% longitude). The UoA measures the complete hemispheric incident and reflected ra-
team was also present at Lunar Lake, but a day earlier, at thance at a point on the surface, i fields of view [12]. The
location marked “UoA” in Fig. 3. data are used to retrieve the surface HDRF and bidirectional re-
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ASD Track Data, Lunar Lake, June 11, 2000
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Fig. 4. Spectral surface reflectance measurements made at seven different locations on the ASD track shown by the dotted lines in Fig. 3.

flectance function (BRF) at the time of Terra overpass. Defin o8 — = " 7 17777 L B
tions of the surface BRF and HDRF and the details of retrievir Sun at: 18.2, 142 deg.

them from the PARABOLA observations are given in [13]. Thi . 551 nm

RTC used by the VC team, to calculate the TOA radiances ¢sl— _
the sensor, is modified to accept either of the two surface fur - -
tions (see equations in Section IlI-A). It is the HDRF which wa - q
used in the calculations described here. The PARABOLA wi. [ -

stationed at one location during the whole day. To account {£ N B ]
the differences in surface brightness at various location on 1 /’—\ i
playa, the HDRF retrieved from the PARABOLA was normal L -
ized to the ASD data at each corresponding point. Fig. 5illu o2 —

trates the surface HDRF in the principal plane. This HDRF b r -
havior is typical for Lunar Lake near solar noon, as observed

o

. - Back Scattering Forward scattering |
preVIOUS measurements [13]' OO 1 1 i 1 I 1 1 1 | 1 1 I 1 ] 1 1 i i
Reagan Sun-Tracking Radiometefhis was used to mea-  -ioo0 -50 0 50 100
sure the total atmospheric optical depthLangley analysis is View Zenith Angle

used to retrieve the Rayleigh, aerasol, and ozone opucal depﬁhs . Lunar Lake surface HDRF retrieved from the PARABOLA data on

. . 19. 5
[14] from these measurem_ents’ In ten SpeCtral channels in t]gﬁe 11, 2000, during Terra overpass time (18:53 UT). The HDRF is shown
range~400-1000 nm. The instantaneous optical depth compere in the principal plane, as a function of view angles.
nents are shown in Fig. 6. The uncertainty in optical depth mea-
Sufer?oesrgfl\l/lso?j?'nl]stfi(cjiéz ?ﬁeag];é”;r?(;n;[;oéglheric ontic ontents of 20, 50, and 30%, in optical depth, respectively.
X P b ig. 7 also shows the model's phase function in the MISR

depths, input to the radiative transfer code includes the phys: o X . .
. . . .éreen band, extinction cross sectik., and single scattering
ical and optical properties of the aerosol present at the ti

aﬁ)edOwo. These optical properties are calculated according
of measurements. An aerosol model was chosen from a Ia[geMie theory

data set compiled from available aerosol literature. The choice
of the model was constrained by field measurements of the

aerosol spectral optical depth. The model that shows the same I1l. ANALYSES AND RESULTS
observed spectral behavior, as shown in the lower right pal;&el
of Fig. 7, has a refractive index @f44—+¢0.005 and a trimodal "™
log-normal size distribution of characteristic radii 0.03, 0.1, The first part of the analyses was to use the ground-based
and 0.5pum (characteristic widthg = 1.4), with fractional measurements described above, with the radiative transfer code,

Radiative Transfer Calculation of TOA Radiance
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Fig. 6. Total atmospheric, molecular, and aerosol optical depths determined from the Reagan sun radiometer measurements as functions of wavelength
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Fig. 7. Optical properties of the aerosol model used in the calculation of the top-of-atmosphere radiances. The model consists of a mixturfesttitree di
sizes but the same refractive index= 1.44 — {0.005. The three particles have log-normal size distribution with a characteristic widtbf(1.4 each and

a characteristic radius:() of 0.03, 0.1, and 0.;xm, and they contribute to the optical depth by 20, 50, and 30%, respectively. The first three panels show the
model phase function, scattering cross sectign, and the single scattering albedg. The lower right panel demonstrates how the extinction cross section was
constrained to fit the spectral behavior of the measured optical depth and, therefore, how the model mixture was determined.
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to estimate radiances at AirMISR and MISR altitudes. The ra- TABLE |
diative transfer equation for calculating the TOA radiatdicat ERRORBUDGET FOR THEVC CALCULATIONS IN THE NADIR CAMERA
a point(a:, y) is usua"y expressed as Error source Absolute uncertainty (%)
LTOA(—LL, 1o, © — <P0) Solar irradiance knowledge 2
27 Spectralon reflectance 1.5
- I2 tm( [y o, @ — 900 +G—T/ft / / m v knowledge
Surface reflectance, including 1
— I, u ©w — (p me ( , Mo, (p - (po 1 du d(p errors due to geolocation errors,
27 2ﬂ_ in situ sampling, and
/ / / / —u, =y o — )Rx ’ inhomogeneity
Relative surface BRF knowledge 1
N )me (N s o, @' — ®0) Atmosphere characterization 1
X N du d‘P du d‘P Cosine of solar zenith 0.1
wherey and o are the viewing and solar zenith angles, and Field instrument SRR 01
and¢y are the viewing and solar azimuth angles, respectively. MISR camera SNR 0.1
R, , is the surface BRF at the poifit, ), and T’ is the at- Earth-Sun distance negligible
mospheric transmission, calculated using the measured atmo- Root-sum-square 3

spheric optical depth and the scattering properties of the as-
sumed aerosol model. The three terms on the right-hand side
of the equation represent the contributions to the TOA radiang@nsfer equation, i.e., errors in the surface HDRF, the optical
by the surface, and solar radiance diffusely scattered by both/&fst |mportant in this case, since the TOA radiance at the VC
mosphere and surface. In terms of the surface HDRFhich Site is dominated by the solar radiance reflected by the bright
is much easier to retrieve from the PARABOLA measuremengrface. Contribution from the atmospheric scattered radiance is

this equation is expressed as follows: not very significant because of the small aerosol optical depth at
the site, especially at larger wavelengths. The errors due to the
LI (—p, po, © — 90) atmospheric scattering are also minimized in the nadir camera

due to the shorter atmospheric path length. Error in the surface
o HDRF due to measurements and surface inhomogeneities is es-
X — Eo ) / / —ts 1 o = ")y tlmated as 2%._Th|s produces similar error in the calculated ra-

diance. Assuming the above errors are not correlated, the total
error in the calculated TOA radiance is estimated, to a first order,
as the square root of the sum of the squares of these errors. As
shown in Table I, the total error is3%.

Latm( iy 1o, © — <P0 + e /”7T J( My Ho, Y — 4,00)

X (_N y MO, 90 - <P0) X ;EO(MO) du d(p

where

27 L B. Comparison of Ground Measurements to AirMISR
o(#0) / / LG po, ¢ — o) 1 dud! dep Observations

AirMISR-observed radiances were extracted from a few
pixels centered at the corresponding seven points on the playa.
Colocation of the center of these pixels and the ASD data at
these points was carefully done to reduce calculation errors due

and from the HDRF definition

Tx y My Mo, Y — 900

/ /27T T )L to differences in brightness. The ratios of AirMISR-observed
- radiances to those calculated are shown in Fig. 8 for the

(1, po, ¢ — o) p du’ dy’ nine viewing angles and four spectral bands. These ratios are

2 within £0.05 of unity for almost all the bands in the nadir and

/ / / ITHCJ s pos @' — o) pdp’ de near-nadir viewing (Aa, An, and Af cameras) increasing to a

maximum of+0.10 at the largest oblique angles, where the

The radiances were calculated at seven different points on #i®ve colocation process was becoming increasingly difficult,
ASD track, shown by the dotted line in Fig. 3. The radiancetue mostly to the increase in AirMISR footprint size and,
were calculated in the spectral range 380 to 1028 nm, @onsequently, the averaging-out of the spatially varying surface
25-nm steps, at each location and for all AirMISR viewingprightness.
angles. Each spectrum was convolved with AirMISR spectral The calibration analysis focuses on the nadir-viewing geom-
response functions to estimate the observed radiances withiry where the comparison between AirMISR-observed radi-
the MISR/AIrMISR four bands and for nine viewing geometrieances and those calculated from ground measurements has the
corresponding to MISR’s nine cameras. greatest confidence. Also, the uncertainty in the RT calculations

1) Errors in Calculated RadianceError in the calculated inthe nadir is better tha#3%. The radiances observed and cal-
radiance is due to errors in the input to the above radiaticelated for nadir viewing at the seven points were averaged and
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Fig. 8. Ratio of the radiances observed by AirMISR to those calculated at seven points on the ASD track shown in Fig. 3. The calculated radiances are
band-averaged to represent sensor observations. The AirMISR radiances were extracted from the images at the corresponding seven poi@t®e Sh@wvatios
for all four MISR spectral bands and at all the nine angles corresponding to MISR nine cameras.

250 T T T T ' TABLE I

COMPARISON OF THERELATIVE RADIANCES INDEPENDENTLY CALCULATED BY
r 1 THE UoA (MODIS) AnD JPL (MISR) VC TeAMS, USING GROUND FIELD

s 1 DATA AT RAILROAD VALLEY ON JUNE 11, 2000

200 . - MISR Optical Depth Surface Relative Relative
L % * i Band HDRF Radiance Radiance
® Aerosol  Rayleigh  Ozone (nadir) (UoA) (JPL)
c 1l -
-.? L | 1 0.1223 0.1953 0.0012 0.2349 0.08223 0.0829
o
= L i 2 0.0919 0.0775 0.0256 0.3466 0.10156 0.09998
150 — % — 3 0.0725 0.0363 0.0113 0.3873 0.1149 0.1117
r + 1 4 0.0525 0.0130 0.00 0.4100 0.12376 0.1251
L +++++ ArMISR X B
*
[ kA KK AVIRIS d
L KXXXX RTC H
100 b e, I compared, as shown in Fig. 9, to update the AirMISR calibra-
0 f 2 3 4 5 tion. Also shown in Fig. 9 is the AVIRIS radiance averaged over

the middle part of the playa. Unfortunately, the ER-2 run over

, _ _ _ Railroad Valley, on June 11, was not successful. However, UoA
Fig. 9. Comparison between the radiances (in watts per square meter per d ts at that site offered tunity f
steradian per micron) measured by AirMISR and AVIRIS and those calculat o_un measurements at that site o ere_ a new_oppor unity ror
from the ground-based measurements. AirMISR and the calculated radiarkhgir team and the MISR VC team to validate their independent
are averaged over the seven values mentioned in Fig. 8. AVIRIS radiancesRre calculations (Iast validation was made on June 24 1996).
averaged over the middle part of the playa. All radiances are in the nadir view. . . '

Table 1l contains the ground field data collected on June 11,

The three independent radiances are in agreement to within 4%. The total erro X ) . :
in the calculated radiance #53% (Section I11-A1). 2000, at Railroad Valley and their calculated relative radiances
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were also extracted and saved to data files for the four spectral
bands. Radiances in both MISR and AirMISR_TOA images
were then correlated, while sliding them against each other
across the columns and rows of pixels, until the best fit between
the two images in each band was obtained. Georegistration
of MISR (better than two pixels [15]), use of GPS data of the
playa perimeter, knowledge of where the brightest spots are
located, and, most importantly, knowledge of the shape of the
playa itself helped the correlation process greatly. For example,
Fig. 11 shows a plot of MISR versus AirMISR_TOA radiances,
in the blue band, before correlation, and Figs. 12 and 13 show
the correlated radiances for the four bands. As shown in the left
panels of Figs. 12 and 13, MISR and AirMISR_TOA data fit
straight lines of the form

OBC _ _ rTOA
Lyitsk = mLsiviisr + 0

where LYES; and L1904 sr refer to MISR (on-board cali-
brated) and AirMISR_TOA radiances, respectively, anénd
b are the slope and intercept of the line. The intercept is believed
Lunar lake (the smaller bright area to the southwest of Railroad Valley) on Ju&% be due to the instrument point-spread function, which was
11, 2000, at 18:53:00 UT (11:53 Pacific Daylight Time). not considered in the analyses, and/or the scene-dependent stray
light which causes darker parts of the image to become brighter
(relative to the band-averaged exoatmospheric irradian%%d .brighter parts to became darker. The right-hgnd-side panels
at 1 AU) at MISR bands. For comparison, Table Il also col? Figs. 12 a_nd 13 show the data fo_rged to a line with Z€ro
tains the relative radiances calculated by the MISR VC tearLH,tercept' This was done by dete_rmmmg a mean correction
using UoA ground field measurements. The two independdfftor: for each spectral band, as given by
calculations are in agreement to better thHe3%6. i
The comparison in Fig. 9 shows three radiances, obtained ~ Correction Factor= average Lyisg / Inisr ) -
simultaneously and independently, in agreement to within 4%
with each other. However, AirMISR radiances are slightly largéthese correction factors, shown in Figs. 12 and 13, were de-
than both the AVIRIS and the calculated 20-km radiances. Ailivered to the MISR OBC calibration team in order to correct
MISR gain coefficients, in the four bands, were scaled by thke response of the photodiode standards. Although four correc-
factors 1.005, 1.022, 1.027, and 1.038, respectively, to adjusttits factors, one for each band, were delivered to the MISR cal-
radiances according to the RT calculations. ibration team, only that for the blue channel was used to adjust
the HQE blue primary on-board standard. The approach decided
C. MISR VC Calibration: Correlation of MISR and AirMISR upon by the team was to use the VC results in the blue channel

Radiances to recalibrate the HQE blue photodiode standard, transfer this

The MISR image of Lunar Lake from June 11, 2000 is show® other photodiode spectral bands by using_ the on-_board dif-
in Fig. 10. In this image, Railroad Valley is the large bright areS€ Panel, and make use of the VC spectral information to val-
near the middle of the figure. Lunar Lake is the small brigH@Iate the band-to-band relative calibration, using the baseline
kidney-bean shape southwest of Railroad Valley. Before cofflibration approach. Transfer from one spectral band to an-
paring with MISR, the scaled AirMISR radiances must be CO.p_ther is done Wlth knowledge that the Spe.ctralon _dlffuse panel
rected for the effect of the atmospheric slab above 20 km, thnSPectrally flat in the MISR range. Details of this approach
averaged to simulate MISR resolution. The correction is a m@‘€ €xplained in [6]. It is important to note that the correction
tiplier factor equal to the ratio of the radiance calculated HCtors estimated in this work were based on MISR radiances
the TOA (MISR sensor) to that calculated at 20 km (AierSF@omputed prior to updating of the absolute calibration using the
sensor). VC results, whereas MISR radiometric products that utilize the

Blocks of data, consisting of 700 lines 700 pixels in size VC results are validated in a separate work [16] and presented

Fig. 10. Nadir-view MISR image of Railroad Valley (the large bright area) an

and centered at Lunar Lake, were extracted from the correctBdhis special issue.
AIrMISR images, in the nadir view, and saved in data files

for each of the four MISR spectral bands. These data were

then averaged over 3% 35 pixels, resulting in a 26« 20 This work describes a vicarious calibration experiment that
image of MISR-like pixels. Henceforth, AirMISR_TOA referswas conducted for MISR on June 11, 2000, at Lunar Lake,
to the scaled, corrected, and averaged data. Blocks of MISR. In this experimentin situ ground field measurements were
nadir images, 20 lines 20 pixels and centered at the playamade while MISR, on board the Terra spacecraft, and AirMISR

IV. SUMMARY
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Fig. 11.
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MISR and AirMISR radiances (in watts per square meter per steradian per micron) at Lunar lake plotted before correlation, i.e., beforeafoloca

corresponding pixels on the ground. In this figure, AirMISR radiances are averaged to correspond to MISR footprints and corrected to accoontrfbutios c
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and AVIRIS, on board the NASA ER-2 aircraft, simultaneously [3] C.J. Bruegge, V. G. Duval, N. L. Chrien, R. P. Korechoff, B. J. Gaitley,

flew over Lunar Lake. The radiances calculated from the ground

measurements were compared with AirMISR and AVIRIS radi-
ances. Agreement between the three independent data sets w@s J. J. Butler, B. C. Johnson, S. F. Biggar, F. Sakuma, J. Ishii, K. Suzuki,

within 1-4%, with AirMISR radiances being the brightest. Air-
MISR radiances were adjusted to the calculated radiance, trans-

formed properly to simulate MISR observations atthe TOA, and _ _ _
correlated with MISR radiances. The correlation indicates that[®] C- J- Bruegge, A. E. Stiegman, R. A. Rainen, and A. W. Springsteen,

MISR radiances were generally underestimated-B9o, in the

blue band. This resulted in adjusting the calibration gain coef- _ _ ‘
ficient of the on-board standards, which were then used to cal{6] N. L. Chrien, C. J. Bruegge, and R. A. Ando, “Multi-angle Imaging

ibrate MISR cameras.
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