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MODIS (envisioned in the 1980s)

MODerateresolution Imagmg Spectroradlometer

Many improvements compared to AVHRR
A Spectral / Spatial resolution

i

.
A Swath width / Temporal Resolution

i

i

36 bands (0.4 14 mm)
250 m, 500 m, 1 km

Swath = 2300 km
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i Overlaps at poles hodSNWAY3 {daidSYé 69h{
i 16-day repeat cycle A MODIS on Terra (since 2000) and Aqua (2002). Er
A System of calibration and orbit tracking of missions later in 2026.

Calibration on board and to surface targefs Terrais AM orbit (10:30), Aqua is PM (13:30)

Continuous orbit maintenance A{AYyOS HnumMZ 2NDBAUGA KI O
2026, each are nearly 2 hours closer to dawn/dusk



Dark Target Aerosol retrieval Algorithm

What a sensor observes Attributed to aerosol (AOD)
May 4, 2001; 13:25 UTC May 4, 2001; 13:25 UTC A Establishedby
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Remer, et al (1997)
A Modified by Remer,
Levy, Gupta,
Sawyer, Shi et al
(2005, 2010, 2013,
2015, 2020, etc.)
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A Retrieves AOD at 0.5%m, spectral AOD (AE), cloutbaredreflectances diagnostics,
Quality Assurance and Confidence
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Each time, we regrocess back to beginning of missio

Satellite / https://atmosphereimager.gsfc.nasa.gov/collections/overview

Collection #

C007 begins 2026 C007 TIER 2 C007 TIER1 c007 TIER 3
C061 released 2017
C006 released 2014

C005 released 2005

C001 released 2000
2000|2001 2002 2003|2004 2005/ 2006|2007 | 2008 200920102011/ 2012|2013/ 2014|2015/ 2016|2017

C001: Initial algorithms at Terra launch C007: L1B, Science, formats!: MID 20267777

C003: Provisional for both Terra and Aqua A Upgrades to science/algorithm, Level 1B/calibration and
I nnnyY CANBG AAIYATAOI yewfilglogrmats R A2y é oO0HnNnNoO
C005: Overhaul of algorithm (2005) AaleoS flFal a0zttt SOUAZ2Yye o6ST

C051: Some calibration and bug fix (2008) A Hopefully, at least one more (a CO7&Pending funding

C006: Major upgrades to science (2013) support and NASA direction.

CO061: updates to the inputs/calibration. (2017) 4
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20+ years of MODIS: Terra vs Agua time series (with C6..

'AOD: May 2023

Ocean

B

13.A2023121.0¢

Aeros

® Terra C6.1
® Aqua C6.1

A With same Collection 6.1 algorithme visual difference between Terra and Aqua
A Terra offset high compared to Aqua by about 0.015.

A Yet, both within expected uncertainties
A Small calibration adjustments of 2% or less might help, but requires doing all wavelen
bands and maybe also tirtependence 5



1°trends: Terra and Aqua agree!
AOD over”20 years July 2QQ2ly 2022 (drlfts not__large yet)
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month-to-month progression gives the illusion of a trend

Note 2: However, seasonal trends (e.g. Winter, Spring, Summer and Fall) each show consistency too.
Note 3: After 2022, Terra and Aqua are drifting in orbits, so becoming unstable for longer trends.

Note 4. All overland and neaicoastline trends fit expectation.Why the southern hemisphere ocean trends?
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A Currently, data are Collection 61 (C61)
Ac2gl NRa a/ 2ttt SOUGA2y T1¢é o/ nntd
I Level 2: Modernize tbletCDFClimate and Forecast file format and

metadata conventions
I Updated L1B calibration, cloud masking, and science

I Level 3: Looks much as does now (€.g. 1 grids at daily, 8 day and
monthly).

I Continued validation and documentation
I Joint with Deep Blue: Deep Blue now does also over oceans

Aaft S3arFrOeé¢ |a ah5L{ YAaaArzya o6c¢
in 2026)

I How does orbital drifting (since 2022) impact long term record (e.g.,
sampling of clouds, high latitudes, sun angles, etc.)
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(Valid DT retrieval when SZA <)/8

Solar Zenith Mean Apr 2020 Solar Zenith Mean

60°E 120°E 180°Y
1 MODIS, MYDO0S_M3.A2026091.061.2026

Solar Zenith Angle: Mean

https://atmosphereimager.gsfc.fiasa.ggwoduct/standard/monthly



Global Climate Observing System (GCOS)
requirements forAerosol Optical Depth (AOD)
climate data record (CDR):

Targetmetric Target

Horizontal Resolution  5-10km, globally
Accuracy MAX(0.030r 10%) } MODIS data record

Stability/ bias <0.01/ decade

Time Length 30+ years extend and expandMODIS

Temporal Resolution |4 h data record




Extendrecord with VIIRS (Visibl&lear Infrared Radiometer Suite)

MODIS on Aqua (c. 2002)/|IRS on SuorNPP (c. 2011)
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20004 MODISA 2026 Y \ /- 4 N 2&15
A With MODIS ending before 30 years, we need

continuity provided by similar instrument = VII R R RIS SN .

Ported DT algorithm from MODIS to VIIRS s
A Multiple VIIRS in orbit. VIIRS V2.0 products agradiRme s YAseps0 i i eia i i 5
with MODIS C6.1 t0.02 in AOD units. RIS ARAR AR ARLEA RS D
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into at least the late 2030s, thus satisfying the
multi-decadal needs of GCOS. Sawyer et al., 2025 (VIIRS V2.0)



Consistency of Dark Target AOD-Yéar Trends (SNPP vs Aqua):
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A For 10year record, half as much data = fewer grid cells meet a given significance threshold, but gener:
sharper slopes where they do

A Some places, the 3gear trends may be different than 2@ar trends.

A Overall, SNPP sees the same world as Terra / Aqua (except for southern midlatitude ocean?)




Regional trends (picking some 18 10 boxes)

> WesternCanada  ® TerraC6.1
‘ o . ® Aqua C6i1

. EasternChina  ® TerraC6.l
~ ?* AguaCel
~* SNPPV20

1.2

0.8

Mean 0.55mrm AOD
0.4

ot

A Wildfiresin western Canada drive
variability. Autumn/winter flat.

A Reductionsseen in Eastern U.S. due
to policy regarding emissionBut no
trend during SNPP lifetim&pike in
2021 due to fires

A Coherentinterannual change in
eastern Chinastrong decrease
during SNPP period.




Satellite /
Version #

V3.0 in development
V2.2 delivered 2026 V022 for NPP, NOAA20 and NOAA21

v2.0 released 2024 V002 for SNPP and NOAA20

MODIS-like (IFF)

A MODISlike (IFF): Intermediate File Formaty;3 - Ahove cloud aerosol retrieval: TBD
A V1: Initial delivery

A V1.1: Fixing a bowtieorrection issue A Assuming end of SNPP record
A V2.0: Adds NOAA20, many updates A TBD whether funding to work on JPSS4 and JPSS?

A V2.1: Adds NOAA21, cresaibration, etc. A TBD whether can use to reprocess SNPP

A TBD continued operation of NOAA20 and NOAA21
13



MODIS C6.3 C7 : VIIRS V2AV2.1A V2.2

Algorithm improvements common to both streams

A Highresolution 3x3 reeband cloud masking over ocean (250 m for
MODIS, 375band for VIIRS)

A Logfit to lookup table when AOD < 0.2 (disallows negative AOD)
A Detect (and retrieve) dust using nepherical model over ocean

A Update formulas for Surface Reflectance Parameterization (SRP) ov:
land that estimates Blue, Red & SWIR2.%2 bands via NDVI, Urban
Percentage & Angles. Now same formulas for both MODIS and VIIR

Al asa al YS alymetedrdopiddlanalybes.h {
A{I'YS ¢ 2NRAE O YAOSNBAGE 2F 2 A&
A Bug fixes as needed



MODIS C6.3 C7 : VIIRS V2AV2.1A V2.2

Algorithm updates that are separate

MODIS C6.A C7 (MxD04_L2) VIIRS V2.8, V2.1A V2.2 (AERDT L2)
A Products are in NetCDF4 (to match VIIRS) A SDS names exactly match MODIS C7
A DTonly SDS names, groups, and metadata are A Does not need a callack to retrieve heavy

simplified (to match VIIRS) surfacelevel aerosol over Asia
AwSIRa Ay 4SYdANBe 3INI Rdgses uddad wisbahslaRcohtivuity Goti
masking (to match VIIRS) Mask

AbS6 GOKtt ofOl¢ UmveNBgNASHREIES] Bf & dNFI OS
aerosol over eastern Asia _ _
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A Uses C7 Wisconsin Cloud mask (3 tests for N . "
clouds + other tests for Dust Detection A Deep Blue (DB) retrievals remain in

A588L) . €dS 65. 0 NBGNRSgSgograe glyeq{]AEsRP%) ?r&d nQ QTER P&

remain in same MxD04 L2 file provided 9 GRS,
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X-calibration Coefficients in DT algorithm
(MODISAquaA VIIRS). Not applied to MODIS

X-calibration Coefficient

Band Pair [nm] [1] Lyapustiret al. (2023), [2] Meyer et al. (2020), [3] Wang et al. (AGU 2(
[1] [2] [1] [2]

VIIRS MODIS AQUA/SNP| AQUA/SNPI AQUA/N20| AQUA/N20
478- 459¢ 479 0.98 - 1.03
545- 545¢ 565 0.98 - 1.04
662- 620¢ 670 0.98 1.02
846- 841¢ 876 0.97 1.01

1230- 1230¢ 1250

1580- 1628¢ 1652

2225- 2105¢ 2155




X-Cal applied reduces overall bias
NOAA20 vs SNPP

V2.0 N2BSNPP (Before-galibration) V2.1 N2GSNPP (After Xalibration)

NOAA20v20 - SNPPv 0.6° average, 20

-

-0.100 -0.075 -0.050 -0.025 0.000 0.025

-0.025 0.000 0.02 o d[AOD] [550 nm]
d[AOD] [550 nm]

Overall offsets much closer to zero!
Differences are primarily due to cloud positions?

Courtesy Mijin Kim
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Initial comparison of MODIS C7 and VIIRS V2.2
(Note only 2008018 data processed for MODIS)

Monthly Mean AOD
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Global Average AOD Over Ocean: C7 and v2.2

® NOAA-20
® NOAA-21

2025

°® NOAA-20
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Deseasonalized AOD Over Ocean: C7 and v2.2
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A They are truly seeing the same world!

A siill curious about the southern ocean?? Next steps look into higher complex products (e.g. fine mode
fraction, trends in cloud fraction, etc. seasonal cycles, etc.) . Ideas here from CERES team?

Al gFrAO0AY3 FdzZNIKSNJ ah5L{ a¢CASNE LINROSaaAay3d G2 3




MODIS and VIIRS are in Ldvarth-Orbit (LEO)
But LEO cannot obsenwaiurnal or rapid aerosol changes!

Terra Aqua Terra Aqua Smoke from GOHESast
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From: Zhang, Y., Yu, H., Eck, T. F., et al, (2012). Aerosol daytime variations over North and South
America derived from multiyear AERONET measurements, J. Geophysical Research.
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Expand!DT Algorithm can be applied to GEO sensors!

Low Earth Orbit (LEO) & Geostationary Satellites Orbiting the Earth

Imager in LEO Orbit (MODIS on Aqua) Imager in GEO Orbit (ABI on GOES-East)

LEO takes a full day to orbit the globe
GEO observes one place all day

Animations from: https://arset.gsfc.nasa.gov

Animations from:https://arset.gsfc.nasa.gov


https://arset.gsfc.nasa.gov/

DT can be applied to many sensors at same time!

GEO-LEO Coverage: 2021-08-17 12:30 UTC

where VZA<72°
B MODIS-Terra
B MODIS-Aqua
B VIIRS-SNPP
VIIRS-NOAA20
ABI-G16
B ABI-G17
AHI-HO8




XAER) I: A joint GECLEO aerosol product

| b!MeASUREs o6al { Ay 3 9I-RAKprdekti I | & ST dz
A Uses DIW LJI 61 I3 S Q "Bﬁlﬂ Jsﬁf,
A Level 2 7 Individual sensors (o Bl < N A 40

AMODIS on Terra & Aqua

AVIIRS on $IPP & NOAA20

A ABI on GOEBast & GOE®/est Prassas

A AHI on Himawari (10 km)

A AODs, reflectance, QA
AlLevel 3

A 30-minute intervals

A Global 0.28x 0.25 grid

A Merge: Combines all sensors

Level 2 and Level 3 data for 262022 available!
https://ladsweb.modaps.eosdis.nasa.qgov/missiearsd-measurements/applications/geoleo/
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https://ladsweb.modaps.eosdis.nasa.gov/missions-and-measurements/applications/geoleo/
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Australia bushfires: Smoke travels to South America!

AOD

001 003 01 03 1.0 3.0

Australia S. America

Note: merged is overplotted on RGB blended from the three GEO. Note how sensors complement each other
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