








The transmittance of theun view screen is particularly hé to characterize for th&ODIS instruments due to a
misalignment in the SDSM desigfhe SDSM detector signals for theeinview vary by up to 10% with different valise
of the solar vector directioh.This happens both as the solar zenith angle changes within aaratag the solar azimuth
angle changes ovémne course of a yearly cycl€he result is that the values dttalculatedusingEq. 1 vary greatly over
time and cannot be used directly to characterize the SD reflectance degradation.

Various methods have beased to investigate amditigate the problem of the SDS#n screen alignment. An optical

model was developed that took into account the misalignment and was able to reproduce the observed oscillations in the
datafairly well.!! Fortunately, by design, theine SDSM detectors containedside the SIS all see about the same solar
illumination. As the solar illumination incident into the SIS changes with the solar vector direction due to the screen
misalignment, the variations nadianceare highly correlated between the detectors. In addition, the degradation of the

SD at the longest SDSM detector wavelength (detect®3®nm) is very small over most of the missiorhus,it is very

useful to calculate thaormalizeddegradationdenoted ad\ in Eq. 2 for detectors 8 (D1-D8) by dividing by the
degradation ofietector D9):

A
=1
The normalized degradation for I8 has a much smoother trend with time compared to the degradation calculated

directly with Eq. 1. Ths has been well documented previously and has been in use in MODIS RSB calibration since shortly

after launch. By utilizing this ratiQ we assume that both the SD screen and SDSM screen transmittance functions are
independent of wavelength, so they cancel out in the ratio and are effectively not considered.

An,i (2)

The total SD degradation at each SDSM detector wavelength is finally computediltiplying the normalized
degradation by the degradation at the D9 wavelength (936 nm). Early in the MODIS missions, it was reasonable to assume
that the degradation at D9 was negligibly small and could be ignbutdfter several years on orbit the B8gradation

became large enough that it could no longer be ighgrarticularly for Terra MODISTo derive an accurate degradation

for D9, an empirical correction was developed based on early missiorb@arSDSM measurements to mitigate the effect

of the large variations ithe SDSMsun screen transmittanéé?*® This is the methodsed to derive the D9 degradation,

and by extension the total SD degradation at all SDSM and MODIS RSB wavelengths, in the current C6.1 L1B product
for both Terra and Aqua MODISor Terra MODIS, the D9 degradation leaxeede®% in recent years, whereax f

Aqua MODIS it is only around 0.5%inally, the SD degradation is calculated at the wavelengths of the MODIS SWIR
bands using a power law fitting of the SDSM measurements and extrapolating the fit to the SWIR wavel¥agtbte

that a different approadbr calculating the degradation at the D9 wavelength was recently presented that assumes a power
law dependence of the SD degradation togetherthitmormalized degradation measureméitisis approach is applied

in the calibration of the Aqua MODIS ocean color products.

4. RESULTS

4.1 Normalized degradation trends

In this paper, we focus on examining the tremd®9-normalized degradation (and other quantities) for the different
operational configurations of MODIS. Figure 2 plots theasured normalized degradatidn , for detectors 48 of the

Terra MODIS SDSM for all SDSM calibration events since ttission start. Different operational configurations are
plotted with different coloraandsymbols, with the periods of operation for each configuration corresponding to the lists
of dates in Tabléd. Figure 3 shows the same @éor the Aqua MODIS SDSM.

There are sever&aturesn the data that are common to both instruments. Cl&ggly2 depicts thatore degradation is
observed for shorter wavelength detectors. dihelosemodedata has significantly higher variance in the time trend than
the alt-openand fix mode data. This is because the signal level of the SDSM detectors when viewing the SD view with
the SDS closgtis roughly a factor of 10 lower and the measurement sigrabise ratio is correspondingly increased.
There is also a cleaffsetbetween the data from different modes, most signifigamten comparinglt-opento alt-close

modes. For Aqua MODIS, there is also an offset betweealtlipenand fix mode data that is not as apparent for Terra.
Thetrends of the normalized degradatim timefrom alt-openvs alt-closemodesarealso significantly differenin the

first severalyears of each mission. Furthesdliission of the reasons for theé#féerences among modésthe focus of the
following subsections.
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Figure 2. Plots ofiormalized degradation, , for Terra MODIS. The different modes are highlighted with different
symbols and colors.

In order to derive a smooth trend of the Biflectancedegradation over the full mission, the results of the different
operation modes must be combin&dr times when both close and open data are available, the open data are preferred
since thesignatto-noise ratiois higher and because the SDSM detectaraditgvel of the SD view with screen open is
closer to the signal level of ttean view data. For Terra, that-openand fix mode data through the time of the SD door
anomaly @ay 1279 are fit togetheand the data are normalized so that the valuk ofs equal to one for each detector

at the time of the first SD calibration. After the time of the door anomalwgltitlosemode data is fit with an exponential
decay function and normalized such that the fittglde from thealt-closemode degradain matches the fitted value from

the initial degradatioperiodat the time of the SD door anomaly. Tdieclosemode data for the remainder of the mission
arefit to a piecewise exponential polynomial function. The combined normalized data set andefit ag shown in the

left panel of Fig. 4 for a few select detectors.

For Aqua, thealt-openand alt-close calibrations have both been operatahsistentlyfor the entire mission, with the
exception of he first 80 days of the mission when only fix maddibrations were rurSince the rate of SD degradation

is most significant in these early mission times, it is important to includedatg mission fix mode results if possible.
Since there is an apparent offset between the fialirapenmode data lte data from these two modes over the first 1000
days are fiseparatelybut with the constraint that the slope of degradatidh time be the same. The fit parameters are
used to separately normalize the fix afidfopenmode data sets such that themalized ratio is equal to one at the time

of the first calibration. Very early in the Aqua mission, there was also a period of five days where the SD door was
accidentallyleft in the open position and the SD experienced rapid degradation. This is seestarp drop in the data

just after mission start and wako considered whegrerforming heinitial data fitting and normalizatiorThe remainder

of thealt-openmode datas fit to a piecewise function and the results are shown in the right panel of Fig. 4.
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Figure 3. Plots of normalized degradatifn, , for Aqua MODIS. The different modes are highlighted with different
symbols and colors.

Figure 4. Normalized SD deaation calculated by combining the results of multiple operating modes and normalizing to
mission start for select SDSM detectors of Terra (left) and Aqua (right). Symbols are the degradation data points after
normalization with the same symbol schens thas used in Figs 2 and 3. Lines are aguése fit to the data in time.

Note the vertical scale is different in the two plots, as Terra has had significantly more degradation than Aqua.



These degradation curves, combined with the separately catt& degradatiqrdetermine the total SD degradation
used in the calibration of MODIS RSB in C6/C6.1 L1B productshe following subsections, we analyze the differences
between the different SDSM calibration modes and assess the potential impadiftbesees have on the calibration.

4.2 Comparison ofalt-openand fix mode results

On October 23, 2017 and Jul$,12019,the Aqua MODIS SDSM was operated in both fix and alt mode configurations
on the same daypn both dateshe fix mode calibration wasin over two orbits aroun@1:00 -04:00 UTC, and the usual
alt-close analt-open calibrations were run arou2@.00 —23:00 UTC. The neacoincidence of the two sets of calibrations
gives a unique opportunity to evaluate the differences between thalitmation modes, as tleinsatellite geometry is
very similar.

Figure5 shows theaw SD view signal , before background subtractidioy thealt-openandfix modecalibrations

on October 23, 2017or SDSM detectors 1, 5, and A point is shown for every SDSM sample (three per scan) for all
scans in the swesapot of the calibration. The signal decreases with increasing solar zenith angle due to the changing angle
of incidence of the solar vector on the SD surfade data fronthe different modes are in good agreemee:dverage
difference between the SD view signals in the two sets of calibratiavithis 0.3% for all detectorsSimilarly, Fig 6

shows thesun view signal for all three calibration modes over théhrationsweet spot. In fix mode, theein view signal

is collected every scan, so tlege undulations in the signal due to the misalignment of the solar attenuation screen are
clearly visible.The difference between ttsain view signals for thalt-openvs fix mode calibrations is larger than was
seen for the SD view-up to 1.5% for detector There isalso clear wavelength dependence, with longer wavelengths
having a larger differencketween the aibpen and fix mode result©n the other hand, tredt-closemode data is in
relatively goodagreement with the fix mode data.the fix mode calibration, thein view data is taken during the orbit
where the SD screen is closed, so it should not be surprising that-thesemode data is in better agreementhatite

fix mode dataThe results for the SD and sun view signals for the calibration pair on July 15, 20&8yas@nilar and

are also shown in Figs. 5 and 6.
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Figure5. The SD viewsignallevels foralt-openandfix modecalibrationson October 23, 201{&op row) and July 15, 2019
(bottom row) Results are shown for detectors 1 (I&tfmiddle), and 9 (right).
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Figure6. The sunview signallevels foralt-open alt-close andfix modecalibrationson October 23, 201{fop row) and
July 15, 2019 (bottom rowResults are shown for detectors 1 (I&tfmiddle), and 9 (right).

The reason for the offset in tlsen view signal when the SD screen is open vs closed may be duny wfa number of
possible factors, such as differendassun-satellite geometry, presence of stray light, or differences in instrument
temperatureChanges isun-satellite geometry are known to have a large impact osuthgiew data as evidenced by the
large undulations in theinview signal. However, theelatively good agreement between the fix modeatrdosemode
sunview data indicatethat the change in solar azimuth angle overl®aourseparation between the calibrations is not
a significant factor. Another possibility is the presence of dighy in the sun view signal when the SDS is open that
increases thgalue of thesun view signal. This is aealisticpossibility since the light coming from the SD view into the
SDSM system is about ten times larger when the SDS is open compared td ishgased.If there is any available
optical path for this light to reach the SDSM detectors when the mirror is facisgrthéew (reflecting off the back of
thesunview attenuation screefor examplg, then thesunview signalcouldbe contaminatedVe note that the dark view
signal does not appear to be affectedhadark view measurements ari¢hin 1 DN on average for all configurations on
this datelf stray light is the cause, the effect is apparently larger for longer wegthleletectors.

Yet another possibility is difference in instrument temperaturetween the thregin view measurements, as the SDSM
detector signals are not corrected for instrument temperatur@ughout the Aqua mission, theésea consisterdifference

in temperature, measureding a telemetry point within th@DSM, of around 1 K between the first orbit (usually with
SDS closed) and the second orbit (usually with SDS open) of the calibfatipthe usual alt mode calibrations, the
temperature diérence should not matter since the SD viewsumdview data are taken on alternating scans and thus will
seesmallertemperaturevariations For the fix mode, the SD arsdn view data come from different orbits and thus the
SDSM detectors are at diffetetemperatures. For thein view data in Fig. 6, thalt-closeand fix mode data are both
from the SDS clogkorbit and the SDSM detectors are at similar temperature, battthpenmode data are from the
SDS open orbjtwhich has a slightly different teperature. For reference, the VIIRS SDSM has observed clear changes
in the SD andsun view signals as a result of instrument temperature changes during blackbodyupvaootdown
calibrations® It is likely that the MODIS SDSM detectors experience similar temperature dependence ttievads not
sufficientdata for MODIS to say whether or not the magnitude of the teatyperdifference can explain the magnitude
of observed signal differences in then view data in Fig. 6.
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Figure 7. Mixed mode results of normalized degradatton, for Aqua MODIS.
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Figure8. Normalized SD degradation calculated by combining the results of fix mode antkedt mode and normalizing
to mission start for select SDSM detectors of Aqua, similar to Fig. 4. Symbols are the degradation data points after
normalization. Lines are dqzewise fit to the data in time.

Regardless of the cause, we can use these observationsuvaluate the Aqua SD degradation ddtahe behavior
observed for théctober 23, 201and July 15, 2018alibrations is consistent throughout the missioantthe observed
difference insun view signal for detector 9 ikkely the main reason for the offset between dfteopenand fix mode



calibrationA = resultsdepictedin Fig. 3.Since the SBxun ratio for all detectors is normalized to that of dete@pa
systematic deviation in the detector 9 data will affect all detectors. To test this, we process all the alt mode célibrations
mixing the data from th&DSopen andSDScloseal orbits, similar to fix mode. We take the SD vie@sponse, in
Eq. 1, as the average signal frtim SD view scans during the SBfen orbit asisual, butve take thesunview response,

, to be the average of teenview scans during the SOi$osal orbit. The resulting values @& for this flt-mixed-
mode calibration approach are shown in Fig. 7 compared to the fix moddt-alabemode data, similar to Fig. 3.

The altmixed mode results show much better agreement with the fix mode calibration and also show elimination of the
yearly oscillations ithe data. This suggests that the bias irstimview signals from the albpen mode data has seasonal
variation. There are three calibration dates around day 3200 that are significantly out of trend: 2010/291, 2010/333, and
2011/010. For these three dahtions, thewo-orbit calibration sequence was run with SDS open on the first orbit followed

by SDS closd on the second orbit, whereas all of the other fix and alt mode calibrations for Aqua were run with SDS
closal followed by SDS open. The orbit ordmiay be important because of how the instrument temperature is affected.

As stated before, for the fix (aralt-mixed) mode data, the SD view armsdn view data are taken at slightly different
temperatures since they are collected during different oige both the orbit order (SDS closed followed by SDS
open)and thetemperature bias between the two orb&sebeenquite consistent over the mission, this bias should not
affect thelong-termtrendsafter they are normalized to mission beginnifigwe\er, for the cases where the two orbits
were run in opposite order, the temperature bias is relarskthis could translate to the observied in the SBunratio

for these three points

Figure 8 shows a plot of thkqua SDdegradation normalized to ssion start and fitteth time for several detectars
similar to Fig. 4, but in this casedHlix mode data are combined with ta-mixed mode dateand the three outlier
calibrations are removedh&procedure to combine the data from different modedarttie fitting and normalization to
mission start is the same as the procedurewhatused to geerate the fit lines in Fig..4Zompared to the final fitted
results shown in Fig. 4, the curves in Fig. 8 show slightly more degradation in the firstay@06fdhe mission, up to
0.5% for DXD6 and less for D7 and D8, and then maintain this consistent bias for the rest of the mission. @itice the
mixedmode results have smoother trending between the fix and alt mode data sets in the early missiomalihatiom

to mission start and fitting of the first few years of data can be calculated more reliably. This would imply that the SD
degradation used in the current calibration is underestimated by up to 0.5% for mostisibteeand NIRbandsWhile

the oscillations in the original data (Fig.right panel) could also be removed using empirical correction metsolakss
been demonstrated befgréthose methods use only thik-openmode data and may not be able to derive the early mission
trends, including the fix mode data, as reliably as gp@ach presented here.

A similar analysis comparing the fix aatt-openmode results for Terra MODIS is more challenging. @ah®@penmode

and fix mode calibrations for Terra were takers@paratdime intervals with no overlap, so it is difficult thmpare
relative trends in timeAdditionally, the calibrations for Terra MODIS in the first few years oftliesion were not run

as consistently as they were for Aqua; the calibration orbit order thperclose vs clos¢henopen) was not done
consistatly and the calibrations were not always run in consecutive orbits, leading to larger uncertainties from the
influence of differensun-satellite geometry or instrument temperature differences. Note that the variancelobiien

and fix mode time trefs of A | in the early mission for Terra MODIS is clearly higher than for Aqua MODIS (compare
for example the D7 plot in Fig. 2 vs Fig. 7).

4.3 Comparison ofalt-openand alt-closeresults

Examining the plots in Figs. 2, 3, and 7, it is clear that theaesignificant difference between the-afien and altlose
modetimetrends of the normalized degradatifor all detectorsFor all detectoracrosdoth instruments, there is a similar
pattern where thalt-closedata increases relative to tak-open data over the first 1000 days after launch, decreastis
about dayd000, and then trends steadily with g#ieopendata after day 300@&eeD7 of Fig. 7 for example)The increase
and subsequent decrease indheloseresultsrelative to thealt-openresultsover the first 3000 daysas a magnitude of
approximatel\2%, varying slightly among detectors. The common tiartde normalized degradation among all detectors
1-8 suggests that there may be a systemasiolem with theD9 datathat isbeing transferred tthe otherdetectors by the
D9 normalization.

The cause for the difference in tbpen vs close results is not known at this time. One possibility could be differences in
the SDSM detector response at different signal levels.SD@M detector signal level for the SD view data with SDS
open is at a similar magnitude (see Figs. 5 and &esun view data But the SD view signal level with SDS closed is



much lower, so nofinearities in the SDSM detector response could introducesairitia the SDsun ratios.Once again,

if the bias is consistent on orbit, then it would not pose a problem for the calibration since the data trends are always
normalized tathe start of missionHowever, if a bias exists that is changing in timeyould become a probleniThe

SDSM detectors are known to have significant gain degradati@nbit. The gain degradation is generally larger for the

NIR wavelengths, with D9 being affected the mdfsthe gain degradation has a signal level dependence, ite @fain
degradation iglifferentfor high incident radiance compared to low incident radiance,itleeuld potentially explain the

feature seen in thadt-closemode data in the early mission.

For Agua MODIS, this discussion has no impact on the R@iBration, since the SDSMIt-closemode data is not used.

For Terra MODIS, however, thedt-closemode data is used exclusively after the SD door anomaly in 2003, so a bias in
thealt-closemodetime trend will directly impact the RSB calibration. We asse the Aqua data as a referencestimate

the potential magnitude of the bidss a test, we derive missidang SD degradation curves using the fix mode alxd
mixed mode data for the first 1300 days of the mission andlttrddosemodedata only fo the remainder of the mission.
The alt-closemodedata is scaled at the time of the switch, similar to the explanation of our fittthg dferraMODIS

data in Sec. 4,las depicted in the left panel of Fig.Tthe fitted SD degradation calculated in this way overestimates the
SD degradation (i.e. smaller valueshof ) compared to the fitting of the mixed mode data shown in Fig. 8. The magnitude
of the overestimation grows from day 1300 to day 3500 up tormen differencedetweern0.9%and1.4% depending
onthedetector. Fronday3500 to the end of mission the overestimation bias remains fairly shasleming thalifference
between thalt-closeand alt-openmode data for TerréODIS would follow a similar trendas Aqua the current SD
degradatiorfFig. 4, left panel)s likely overestimating the degradationdymuch a$.5% While this is clearly a concern,
further investigation will be required to understand appropriatelymodel the opeitlose diffeences before any potential
correction to the Terra SD degradation can be considered.

5. CONCLUSIONS

We have reviewed theperation of the Terra and Aqua MODIS SD®Mer the missions and showed the results of the
SD degradation as measured with all of thailable SDSM operational configurations. \Wave used the results ofo

recent set of SDSM calibrations for Aqua MODIS taken on October 23, 2atd July 15, 204 to improve our
understanding of the differences between the alternating and fixed openatiteg of the SDSM. We 1ealculated the

SD degradation for Aqua using a psedidked mode, or mixed mode, which combines the alternating mode SD view data
from theSDSopen orbit with the alternating moden view data from theSDSclosed orbit. The restihg degradation

trend agrees much better with the fixed mode results and has lower variance and no seasonal oscillations compared to the
trend derived using the alternating md&eSopen data onlyThis mixed modemethodallows for more accurate fitting

of the data, especially in the early mission, avilll be considered for inclusion in a future version of calibrated Aqua
MODIS L1B productsWe also discussed the differences between the SDSM data takeBD@ttiosed compared to
SDSopen. We identified a possible bias of up to 1.5% in themmasion time trends of the Terra MODIS SD degradation,
however more investigation of this data is needed before any improvement to the current calibration can be proposed.
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