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Summary: During this Sx-month period, Remote Sensing Group personnel attended meetings related to
MODIS and ASTER, including the ASTER and MODI S Science Teammeetings. Continued work with
the MODIS and ASTER sensorson Terrashowed Smilar results to past reporting periods. The ASTER
sensor continues to show large differencesfrom predicted vauesinthe VNIR due to probable calibration
changesinorbit and in the SWIR due to the optica crosstdk effect. Resultsfrom MODIS on Terrashow
that the calibration of this sensor is wel understood and any changesin sensor response are taken into
account in the Level 1B processing. Both results have been verified through comparisons with ETM +.

Introduction: Thisreport containsfour sections. Thefirst three sections present different aspectsof work
performed under our contract: 1) Science team support activities; 2) Cdibration |aboratory; and 3) Fied

experimentsand equipment. The fourth section contains informeation related to faculty, S&ff, and students.

Science Team Support Activities:

Thissectionreferstodl work performed insupport of MODIS and ASTER team activitiesaswel aswork
performed for other sensor teams. Over the past Sx monthsthisincluded the attendance at team and other
related meetings and completing assgned actionitems. In MODIS-related activities, K. Thome attended
the launch and briefing of the Aqua platform the first week of May. Biggar participated in alarge fraction
of the weekly teleconference cals coordinated by the MODI S Characterization and Support Team.

In ASTER-related activities, Biggar and Thome attended the ASTER Science Team Mesting held in
Pasadena from January 15-18 aswdl asthe US ASTER Science TeamMesting hdd January 14. Thome
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presented the vicarious calibration results of ASTER and chaired the Atmospheric Correction Working
Group Mesting where he presented the vaidationof the VNIR/SWIR reflectance retrieval. Thetwo aso
atended the ASTER Science team medting held in Tokyo from May 21-23 aswell as the US ASTER
Science Team Meeting held May 20 and the ASTER Workshop held May 24. Biggar presented recent
resultsrelated to the SWIR crosstalk effect at both meetings and Thome presented the vicarious cdibration
results of ASTER as well. In addition, Thome chaired the Atmospheric Correction Working Group
Meeting where he presented plans for the implementationof anew M| SR aerosol mode into the correction
of ASTER and effects of assumed solar irradiance models on the retrieva of surface reflectance. Biggar
and Thome aso attended an ASTER ACT Medting hdd in Tokyo February 26-27 where Thome
presented the RSG' s results for the vicarious cdibration of ASTER.

Calibration L aboratory: This sectiondescribesthe laboratory work used to ensurethat the results from
the fidd measurements are consstent with each other and to NI ST-standards. Tothisend, theRSG relies
on aset of cross-cdibration radiometers (CCRs) that cover the waveengthregion from 400 to 2500 nm
and are ultrastable with respect to temperature and time. These radiometers were used to provide an
independent calibration and cross-calibration of the calibrationfacilitiesused for the preflight calibrationof
EOS sensors. In addition, the RSG has developed a cdlibration laboratory that includes the capability of
absolute radiometric cdibration using NIST primary standards of spectra irradiance, a 40-inch spherica
integrating source, a collimator for fidd of view measurements, and a double-pass monochromator for

gpectral characterization.

Work during this period related with our laboratory activities included beginning a study to improve the
accuracy of measurements of the spectrd transmittance. Past work indicated that Sgnificant differences
existed between the predicted spectra irradiance from aNIST standard and measured vaues with the
VNIR CCR. Much of the difference was traced to uncertainties in the knowledge of the spectral
transmittance of the interferencefilters used in the insrument. Thesefiltersare measured by the RSG using
the group’s double pass monochrometor and the transfer radiometer was then cdlibrated with a set of
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standards of spectral irradiance (FEL type, cdibrated, quartz-haogen, IKW lamps). Thecdibrationwas
aso caculated but the calibration based on measuring aknown lamp did not agree well with the computed
cdibration, being between about 2 and 12 percent different, depending on the band. Asthe estimated
uncertainty of the measured calibration is less than 2.5% and the computed cdibration should be even

better, the difference was troubling.

We procured NI ST standard referencematerid (SRM) filtersto check the cdibration of the Optronic used
for filter transmittance measurements. The measurement of the NIST SRM filters was well within the
expected uncertainty. However, the NIST SRM filtersare absorbing glass filters rather than interference
filters as used in the transfer radiometers. After using the transfer radiometers to make window
transmittance measurements on a multiple pane window assembly which is now inthe Internationd Space
Station laboratory module, E. Zaewski redlized that the filter transmittance accessory design was possibly
alowing “enhanced forward transmittance” to makethe measurements of interference filtersincorrect. If
“enhanced forward transmittance” was effecting the measurements, the measured transmittance of
interference filters would be too high. The computed cdibration of afilter radiometer would then give a
cdibration too high. Figure 1 presentsthe differencein calibration (ca culated - measured) for the transfer
radiometer based on four different measurementsinlate 1995 and early 1996 showing that the radiometer
cdibration was repestable, but the differencesare larger than expected. Note that the error is postivein
all bands as predicted by theory. In order to reduce the errors in the measurement of interferencefilters,
aglasswedge design was begun. The approachto thisisthe addition of an optica “wedge’ intothe double-
pass monochromator. This device prevents dray light reflected in the system from causing a bias in the

transmittance characterization. C. Burkhart and B. Garland designed awedgeinsert to themonochromator

A second area of work during the period was the start of a study to examine the feasibility of resurfacing
older fidd reference standards of reflectance. Work by the RSG relies heavily uponthe knowledge of the
reflectance of Spectralon-based field references. These pands are characterized in the RSG' s blacklab
to obtain the pandsreflectionas afunctionof incident irradianceangle. Severd of the referencesthat have
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Field Experiments and Equipment: The objectives of the field experiments are to test new equipment,

determine needed improvements, develop and test retrieval agorithms and code, and monitor existing
satdlite. Numerous field campaigns were undertaken during the reporting period related to both ASTER
and MODIS, aswedll as saverd additiona campaigns whichwere supported through the group’ s Landsat
and EO-1funding. A tota of sevenfied experimentstook place during the reporting period. Thisincluded
attempts to collect data for overpassesof Terraat Ralroad Valey Playa on February 9, March 13, May
14, May 16, June 15, and June 17. Overpassesfor thecdibration of ASTER at Ivanpah Playaduring this
period took place onJanuary 1, January 17, March 22, April 7, June 10. Of these, theweather on January
1 and March 22 at Ivanpah, and March 13 at Railroad Vdley prevented any data from being collected.
In addition, the cdibration attempt on June 10 at Ivanpahfor ASTER was unsuccessful due to an error in
scheduling the sensor.

Other campaigns during the period were more successful. The work at Ivanpah Playa on January 17 was
held incombinationwiththe ASTER Science Team Meeting in Pasadena to allow participation of members

of the Japanese Science Team. The weather for this overpass was clear and the data collection was
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withband 2 showing the largest change. Figure 3. Summary of ETM+ results from coincident data sets

Missing data in the SWIR bands are shown for ASTER in Figure 1. Vaues shown are scaed

cdibration rdative to results from June 11, 2000.
due to off-nadir viewsby ASTER which

do not include SWIR collections and data from February 9, 2002 are not available in Level-1A format.

Scaled Calibration Coefficient

Figure 3 shows asimilar graph to Figure 2 except for Landsat-7 ETM+ resultsfor the same dates except
scaled to June 11, 2000 (June 4, 2000 results show amilar vadues except Band 3 of ETM+ was saturated).
Of notein Figure 3 isthe smdler variation withdate and band, for ETM+ from early in the misson. Also
note that severd of the dates show similar trends for both ETM+ and ASTER indicating possible biases
inthe ground-based measurements. Theseresultswill be used to understand better the vicarious approach

with the hope of reducing uncertainties in the data sets.
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Figure 4. Percent difference between reported Level 1B ASTER radiances for dl dates and sites and
bands 1-4. Missing data for bands 1 and 2 are due to saturation

The effect of smdler test Stes on the results is clearly evident in the SWIR bands of ASTER where the
known SWIR crosstalk effect playsarole. Inband 9, thelarge amount of energy lesking from band 4 into
band 9 for an extended dte such as Railroad Valey isno longer present in the smdler test Ste of Lunar
Lake. Thus, there is a digtinct difference in the results of these bands, where band 4 shows the “bias’
present in the VNIR bands. Theratios dso indicate that thereis likey very little change inthe radiometric
cdibration of ASTER in the SWIR bands.

Figure4 puts dl of the ASTER datafrombands 1-4 for the Leve 1B product of ASTER. Therearefewer
results for Level 1B than 1A due to saturation of bands 1 and 2 of the 1B product and several missng
scenes. The graph shows the percent difference between the predicted radiance based on the vicarious
cdibrationdataand the reported Level 1B radiancefromASTER. Inthisfigure, anegative vaueindicates
that the vicarious predictions exceedsthat of the reported radiance. Clear in thisfigureisthe gpparent bias
between bands 1-3 and the field measurements. Thishiasvarieswith time but thereislittle to no tempord

trend.
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That is, Figure 5 shows how the :E_J , _

vicarious predictions and sensor output % i

compare for ETM+ and ASTER udng £ I

coincident dates for which data exigts ="~ * ! m w A5 ms A7 mn ms

for both sensors during the period from Figure 5. Comparison of average percent difference between
vicarious predictions and reported radiance for ASTER and
June 2000 to June 2002. The bands ETm+ bands.
listed in the figure are for those of
ASTER and the ETM + dataare displayed withthe nearest spectra band from ASTER (except band 1 of
ETM+ for which there is no corresponding band). Focusing on Bands 1-3, it is clear that there isabias
with no overlap with ETM+. In addition, the standard deviations for ASTER are larger than those of
ASTER indicating adegradationinASTERthat isnot corrected inthe Level 1B processng. Band 4 shows
reasonable agreement with ETM+ but with a larger standard deviation. This could be indicative of an
unknown sensor artifact since tempord studies of the data do not show a degradation with time. The
crosstalk effect isaso dearly evident in dl SWIR bands except bands 4 and 5 of ASTER. Thisisof
interest because band 5 should have a sgnificant effect and the “ good” agreement withthe vicarious results
for this data st could be due to the use of WRC solar model for ASTER and the MODTRAN4 solar

modd for ETM+.
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Figure 6. Comparison between ASTER and vicarious data
collected on June 30, 2001 at Railroad Vdley Playa.
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gpectra bandsin the VNIR and SWIR. All results show the percent difference between ASTER and the
predicted at-sensor radiancefromthe ground-based data. Thefirst set of results are the comparison where
no crosstalk correctionhasbeenapplied. The second includes a crosstalk correction to bands 5-9 based

on software supplied by ERSDAC. Thefina set of resultsisthe same asthe uncorrected Leve-1B except

that the MODTRAN-based solar irradianceis used asopposed to the WRC. Of noteisthat the crosstalk

software does improve the comparisonwiththe vicarious but not enoughto account for the entire difference
between the vicarious and sensor-based results. The use of the MODTRAN solar irradiance has a
sgnificant impact on the results duetothelarge differencebetween the WRC model and MODTRAN solar

irradiances in the SWIR. Inthis case, dl bands except band 5 are improved in the comparison.

A comparison between AVIRISand ASTER on June 30, 2001 isshown in Figure 7. The AVIRIS data
inthis case have been corrected for the smal amount of atmaosphere above the ER-2 flight dtitude aswel
asthe two-minute differenceinoverpasstime between ASTER and AVIRIS. TheAVIRISdatawereaso
band-averaged to the ASTER spectra responses except for band 9 of ASTER whichisomitted due to the
lack of AVIRIS bandsinthis spectral region. Clear in thisfigure isthe biasin the VNIR bands aswell as
sgnificant differencesin the SWIR. Further andyss of these data is underway to better understand the
SWIR results. Unfortunately, MODISwasnot operating on thisdate so no smilar comparisonisavailable.

A summary of the MODIS resultsis giveninFigure8. Theseresultsare consistent with past work for the
Terra MODIS sensor.  Of interest is
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Figure7. Percent difference between AVIRISand ASTER on
June 30, 2001 at Railroad Valley Playa.
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Figure 8. Summary of current reporting period resultsfor Terra
MODI'S showing percent difference between the reported Level
encouraging fact is that @l coincident 1B radiance and the vicarious results. Also shown for reference
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. Figure 9. Comparison of average percent difference between
addition, it snould be noted that the vicarious predictions and reported radiance for MODIS and
standard deviaions of the two datasets ETM+ bands for identical detes
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the red and NIR bands of ETM+beinglarger. Further work to perform direct cross-compari sons between
ETM+ and MODIS are underway.
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Faculty, staff, and students: The personne associated with the RSG during the reporting period and

recaiving some leve of funding from the RSG's EOS contract were as follows Faculty: S. Biggar, K.
Thome, and E. Zdewski. Staff: C. Burkhart, R. Kingston, R. Pylman, and S. Recker. Students: N.
Anderson (undergrad), K. Canham (undergrad), J. CzapalaMyers (Ph. D.), W. Garlland (Ph. D.), M.
Kuester, M. Mavko (undergrad), N. Smith (PhD). Of thislist of personnd, W. Garland joined the group
during the reporting period and Smith |eft the group at the end of the reporting period.



