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=SEEE From MODIS to VIIRS: Continuity of NASA's Level 2

“Atmosphere” Products
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Dark Target aerosol product
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Climate Data Records
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aies G®DDARD
Background

* With the operational lives of the Terra and Aqua satellites nearing their

end, successors to key EOS-era (LEO) sensors are essential to achieve multi-
decadal climate data records

* VIIRS (on SNPP and JPSS series) is the natural successor to MODIS. NASA is
currently funding multiple algorithm teams for MODIS/VIIRS Atmosphere
Discipline continuity product work (https://atmosphere-
imager.gsfc.nasa.gov/) including:

— Aerosols: VIIRS ”"Dark Target” AERDT and “Deep Blue” AERDB (MODIS MODO04
heritage)

— Clouds: MODIS/VIIRS CLDMSK, CLDPROP (parallel to MODIS standard products
MOD35, MODO06) — common algorithm using common subset of channels

* |n addition to LEO continuity, we also think about quantifying diurnal cycles
and rapid changing events via GEO. “Expanding” the data records



https://atmosphere-imager.gsfc.nasa.gov/
https://atmosphere-imager.gsfc.nasa.gov/

Easics G®DDARD
Outline of sorts

Inter-Calibration System

e History of algorithm development and sensors
* Discovery of offsets and biases between sensors

* Individual and team efforts to solve and mitigate
* Where we are now regarding MODIS - VIIRS
* Future into GEO

* Note: As Dark Target algorithm lead, most perspective is mine!!
* Also Note: | will skip some slides for time.
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Tilcs : G®DDARD
e MODIS Collections

https://atmosphere-imager.gsfc.nasa.gov/collections/overview

Collection
= “very broad MODIS data version”
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wanll G |5 * Attempt to use the same version of
w1 & the Science Algorithms and
in Time

Program Executables (PGEs).
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MOD!

Year 2000 2005 2010 2015 2020  C001: Initial algorithms at Terra launch

e (CO003: Provisional applied to both Terra

Color Collection | Production_Start | Description d A
061 2017 Corrected issues in the input Level-1B (L1B) data -- with a few new L2 and L3 improvements added. a n q u a

| | 006 2013 Collection 006 included many new science updates and improvements. . . .o . .
Vv r 77 051 2008 Key Update for the L2 Aerosol (04_L2) and L2 Cloud Product (06_L2) -- along with all of L3 to pick up L2 updates. d C004 : F I rSt S Ig n Ifl Ca nt Va I I d at I 0 n
- 005 2005 First Major Science Collection, which was widely distributed. . . “ . ”
1 004 2002 Second Major Update/Improvement, which went through 3 stages of Validation during it's tenure. L] COO 5 . F I rst re a I S C I e n C e
| | 003 2001 First Major Update/Improvement, however this was still considered "Provisional” Data.
.

* CO006: Major upgrades to science
 CO061: updates to the L1B.

GSICS “Mini-Conference”: 27 Feb 2023 4



https://atmosphere-imager.gsfc.nasa.gov/collections/overview

n31C8 C005: Long enough time series to be  G®DDARD
Interesting

Terra (10 30 Descendmg)

Terra vs Aqua
* Two sensors, essentially identical twins
* Roughly symmetrical around equator

* Assumption is they would observe
approximately the same world? (minus
the diurnal differences)

e Same L1B PGEs to both sensors
e Same L2 PGEs to both sensors

GSICS “Mini-Conference”: 27 Feb 2023 5
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R CO05 Aerosol Trends: Terra # Aqual!!
* Same retrieval over land
s s [ e et Terra and Aqua
C5(Aqua & Terra) AOD zonal avg [60S, 60N] disa g reed on trends!
Bg =-0.001 per dec (abs) Py =-0.049 per dec (abs) LAND Bg =-0.003 perdec (rel)  Pg =-0.267 per dec (rel)
0.28 \ w T w T T T T T T T EE RATIO: land: Terra 0.55um
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And Terra also showed
(from Lyapustin et al., 2014) decreasing ”quality” with
respect to ground truth ¢
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@!.“,m! Why? Calibration was culprit: G®DDARD
— Reflectance over desert sites: C005 = C006

29-Sept-2002

(1) Collect clear-sky MODIS data over desert sites

(2) Develop site-specific BRDF from first 3 years of
mission

(3) MCST found that “observed” reflectance diverged
from BRDF modeled reflectance over time

Normalized Reflectance Terra Band # 3, Mirror Side #1  Normalized Reflectance
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o 8 0.95f AR | 0.95}
28-Sept-2002 5 E [
é % 0.90} / f:ii reflectance 0.90 / ﬁC76 reflectance
2000 2002 2004 2006 2008 2010 2000 2002 2004 2006 2008 2010

(1) Many bands were affected, including relevant
aerosol retrieval ands.

(2) Terra much worse than Aqua

(3) MCST was able to “de-trend” the observations and

(4) Create a new L1B dataset for C6.

MCST (Sun, Xiohg et al)




MODIS 0.55 um AOD
o
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After de-trending calibration: C006

C5 Land

Terra
Aqua

[ Terra AOD trend = -0.040
‘Aqua AOD trend = -0.002

2004 2006 2008 2010 2012 2014

Year

MODIS 0.55 um AOD

vt
)
(=]

0.15}

0.10

C6 Land

[ Terra AOD trend = 0.011

(Aqua AOD trend = -0.002

G®DDARD

EARTH SCIENCES

2004 2006 2008 2010 2012 2014

Year

Good news: Strong At negative “trending” is reduced in C6

Bad news:

0.15 offset remained between AM and PM? (noting offset
was at beginning in 2003 as well!)

GSICS “Mini-Conference”: 27 Feb 2023



‘4% MODIS C061: Terra and Aqua agree! ~ G®DDARD

over 20 years! July 2002 —JuIy 2022 -
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Terra (10.30, Descendlng) ~=Aqua (13:30, Ascending)
e —— PP e —— PP
AOD change per year where p < 0.01 AOD change per year where p < 0.01
<4E | g <4E | g
-0.010 -0.006 -0.002 0.002 0.006 0.010

-0.010 -0.006 -0.002 0.002 0.006 0.010

Slope of the linear regression for each 1°x1° grid cell (plotted where p <0.01)
Terra and Aqua agree on regions that show significant increase or decrease in AOD over time!

Notel: simple linear regression has limitations, and temporal autocorrelation may make these results “overconfident” where
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 over-land and near-coastline trends fit expectation. Why the southern hemisphere ocean trends?



Txlles Cloud Optical Thickness : 25°N — 25°S  G®DDARD

~ COT - Liquid (LAND)

40E B 3

2E = 1 Maybe diurnal diff?
- % 1 Or calibration

of . e

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023
COT - Liquid (OCEAN)

40F B E
e F 3 Trends are nil,
20 = 3 and agree
Aqua E
10 e e e 3
- Terra 3
o_. — 1 1 1

Cloud_Opticol_Thickness(zonal overage) Cloud_Optical_Thickness(zonal averoge)

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023
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https://modis-images.gsfc.nasa.gov/trend_web/

@R C061: Current MODIS CORDARD

* Now, after de-trending of L1B, Terra and Aqua L2 trends agree.

* For Aerosol: Both Terra and Aqua — MODIS match to ground-truth within
specs.

* And show same trends over 20 years! But can’t continue much farther

e But with offsets remaining
— Using many wavelengths at once, aerosol and cloud algorithms can be very sensitive

— Correction factors of about 1-2% in relevant bands maybe do the trick.

11



f LD GCOS requirements for an AOD
climate data record (CDR)

Target metric

Horizontal 5-10 km, globally
Resolution

Accuracy MAX(0.03 or 10%)
Stability / bias <0.01 / decade
Time Length 30+ years

Temporal Resolution 4 h

G®DDARD

EEEEEEEEEEEEE



RO Dark Target Aerosol retrieval Algorithm G®DDARD
(originally developed for MODIS)

What a sensor observes Attributed to aerosol (AOD)

May 4, 2001; 13:25 UTC

May 4, 2001; 13:25 UTC
Level 1 “reflectance”

Level 2 “product”

e e

A
“Established 1997” by Kaufman, Tanré, Remer, etc)
“Modified 2005, 2010, 2013, 2015” by Remer, Levy, Gupta, etc

Separate logic over land and ocean
Retrieve: AOD at 0.55 um, spectral AOD (AE), cloud-
cleared reflectances, diagnostics, quality assurance 13



For aerosol continuity we can port the algorithms

(Extending from MODIS—>VIIRS)

* Create new LUTs for shifted wavelengths (gas
corrections/Rayleigh, etc)

Wavelength bands & surface spectra

100 — W :
i Deciduou
— Conifer
80— — Seawater
§ — MODIS
8 60— VIIRS
§ — Overlap
e 40—
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20~
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0.5 1.0 1.5 2.0

Wavelength [um]

* Deal with differences in resolution, etc. (for cloud masking)

Example: 0.86 um channel over “clear” sky
Transmission
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Results: Porting to VIIRS
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EARTH SCIENCES

* Despite differences in instrument

design, calibration, or degradation,
Dark Target AOD shows agreement

across LEO sensors

SNPP between Terra and Aqua: NOAA-
20 seems offset “low” but appears to
fit ground-truth similar to Aqua.

Update (V2: with bug fixes and cloud
masking updates) for both SNPP and
NOAA-20 are in production.

VIIRS NOAA-21 launched in November,
DT port can begin later this year



‘&% AOD Trending: VIIRS-SNPP vs MODIS-AquaG®PDARD
AOD over 10 years! July 2012 — July 2022 -
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Slope of the linear regression for each 1°x1° grid cell (plotted where p <0.01)
* Aqua and VIIRS mostly agree on regions that show significant increase or decrease in AOD over time!

* Note 1: For 10-year record, half as much data = fewer grid cells meet a given significance threshold, generally
sharper slopes where they do

* Note 2: Strong trends over India and eastern China for all four seasons, are even more strong in the shorter record
* Note 3: Apparent increases in southern ocean are seen by Aqua (and Terra), but not VIIRS-SNPP.
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«==w=  AOD evaluation: VIIRS-SNPP vs MODIS-Aqua

QA-Filtered Aerosol Optical Depth, VIIRS - MODIS, 2015

G®DDARD

A) - = \}?}}‘\k\\\ ) 0.55 um AOD, Ocean 0.55 um AOD, Ocean
- ~ AP/ S T o vl — no
Vo s VL aARINNNNN N | Bias001 - 51 7 MODIS (VIRS rereved
O MRS R N o | T eseucos
V. (GL | | | T INNOAN b 0 ol 3= A € (dashed) and
AEEEER ENERSELESARIZAREN e s (dashed) an
LA RSeS| TR [ TT B ] > S ' >MODIS
\\ ¥ \\ \\ M/ / %/ (solid)
N e ° ST % S b 6.&)3 07 _03 1
I N MODIS AOD
Difference in Annual Average 0.55 um AOD _
jm—wz: -0.06 0.06 Hso> 1 eH 1e+04 1e+06 2.6e+06 3.9e+06 9.8e+05
B ) VIIRS Collocated MODIS
Mgty PRI RE A)  VIIRS-SNPP > MODIS-Aqua globally
a N= 5805; R = 0.761 7 . N= 8911 R = 0.635 7 )
O 15[Fes v musE= 0y T g, 1.5[Blas= 0049, RUSE = 01197 - 7] B) Independently compared to ground-truth, VIIRS
g E appears high, whereas MODIS is perfect (over Ocean)
2 1.0l ce ] 1.0 e 1 . .
§ e g i/ Q) Yet, if both MODIS and VIIRS retrieve, they agree
- / pa (2] s s . .
é osl: B 1 £ osl il ] perfectly (scatterplot and dotted lines on histogram).
MODIS VIIRS Difference comes from VIIRS choosing to retrieve
00/ ., Ocean; o #  Ocean] extra pixels > MODIS no VIIRS
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 15 2.0
AERONET 0.55 um AOD AERONET 0.55 um AOD
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22z AOD evaluation: VIIRS-N20 vs MODIS-Aqua CORRARD

NOAA20 - Aqua C6.1, May 2019
0.55 um AOD Ocean 0.55 um AOD, Ocean
— A — 0
: N: 1471824 © | — NOAA20 only
Bias:0.013 S .. NOAA20 where AqugC.1
1 : —— AquaCé.1 only
5\0 ‘‘‘‘ AquaC6.1 where NOAA20
== (dashed)and
= MODIS = VIIRS
[O2T H
T 8 (solid)
A . s L
1 2 3 i 5 So0bi 0b3 01 _ 03 1
NOAA20 AOD
Difference in Image Optical Depth 16+00 1e+02 Te+04 16+06 3.06+05 156406  9.0e+05
AquaCe6.1 Collocated NOAA20

-0.30 -0.18 -0.06 0.06 0.18 0.30

VIIRS-NOAA20 and MODIS-Aqgua compare well globally,
(except scatter). Note this is only 1 month of data.
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zx= A more systematic approach: Matchfiles ©®

Goal
Use Aqua MODIS as a reference imager to derive
spectral radiometric adjustments for SNPP and

NOAA-20 VIIRS

—_
(=)

o
0

Challenge #1:

Even though VIIRS and Aqua are “similar” orbits
(~13:30) differences in swath widths and orbit
altitudes mean that true matchups are hard to find.

Spectral Response Function

o
S

-
o

Challenge #2

The analogous spectral channels on both imagers
used for aerosol or cloud retrievals in some cases still
are quite different, particularly in spectral regions
where cloud single scattering properties vary
strongly (e.g., for liquid clouds at right), and land
surface properties (previous page).

Spectral Response Function
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Kerry Meyer will detail later this week

o
)
|

<o
~
1

53
o
L

<o
~
L

Aqua MODIS SNPP/NOAA- 20 VIIRS

M5

0.8 1

0.6 0.7 08 0.9 1.0 11 12 13
MLO BB i,
% (M)
i g(}\/)/ il
15 16 17 18 1.9 20 21 22 .' 24
Wavelength (um)

..................................... 1.00
B2 W M7 B5 P M8

o
)
<

Liquid Cloud o, (), g(A)

DDARD

EARTH SCIENCES
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Inter-Calibration System

* Developed by processed by the Atmosphere Science Investigator-led Processing
System (A-SIPS) at U. Wisconsin

— VIIRS Atmosphere Discipline production center
* Co-locate the Aqua and VIIRS data (M-bands)
* Look for homogeneous ground/cloud targets, strict angle matching, etc.

* Inversion approach:

— Use Radiative Transfer (RT) to calculate multiple sets of LUTs: one for MODIS-Aqua
wavelengths, one each for VIIRS on SNPP and VIIRS on JPSS (NOAA-20)

— Assume MODIS-Aqua reflectance/radiance is “truth”,

— do retrieval on MODIS: get aerosol or cloud properties
— Invert to find out what reflectance “should” be for VIIRS
— Calculate “correction factors”

GSICS “Mini-Conference”: 27 Feb 2023 20



Gl Cloud and Aerosol uses of matchfiles CG®DDARD

Derivation of Shortwave Radiometric Adjustments for
SNPP and NOAA-20 VIIRS for the NASA MODIS-VIIRS
Continuity Cloud Products

by €' Kerry Meyer " 2©, (1 steven Platnick ! @, {1} Robert Holz2 2@, {1 steve Dutcher2
" Greg Quinn2 @ and (! Fred Nagle 2 &

! Earth Sciences Division, NASA Goddard Space Flight Center, Greenbeit, MD 20771, USA
2 space Science and Engineering Center, University of Wisconsin, Madison, W1 53706, USA
“ Author to whom correspondence should be addressed.

Remote Sens. 2020, 12(24), 4096; https:/doi.org/10.3390/rs12244096

Meyer et al (clouds) uses “bright clouds”

Article || A P jew || M Related articl
the
e
Research article 13 Apr2017

Cross-calibration of S-NPP VIIRS moderate-resolution reflective
solar bands against MODIS Aqua over dark water scenes

Andrew M. Sayer(®2, N. Christina Hsu2, Corey Bettenhausen23, Robert E. Holz%, Jaechwa Lee?5, Greg Quinn?,
and Paolo Veglio®*4
"Goddard Earth Sciences Technology And Research (GESTAR), Universities Space Research Association (USRA), Columbia, MD, USA

NASA Go e Flight Center, Greenbelt, MD, USA

‘Adnet Sy Bethesda, MD, USA

“Space Sc niversity of Wisconsin, Madison, Wi, USA

SEarth Systems Sci Interdisciplinary Center (ESSIC), University of Mar ryl nd, College Park, MD, USA

Sayer et al (Deep Blue aerosols) uses “dark ocean”

VIIRS Wavelength 0.67 pm | 0.87 um | 1.24 pm | 1.61 pm | 2.25 um
(Band Designation) (M5) (M7) (M8) (M10) (M11)

0.99 < N-20 ok, or needs slight increase

0.97 & SNPP needs reduction

vs MODIS
N-20 C6.1 1.01
MODI
Radiometric vs C601 S 0.95 0.97
Adjustment
S oNPP  vs MODISC6  0.94 0.96
Deep Blue —, o, 0.96

Gain Factors

097 \& Consistent with values for C006

0.93 Uncertainty for longer bands
(Note Sayer et al., also calculated
adjustments for blue bands)



>81CS . . : G®DDARD
N Dark Target: Calibration adjustments
AOD VII RS-SNPP — MODIS- Aqua
Meyer et al. works for clouds, Sayer et al. éff A TAETIRRRR
= _

works for DB aerosols. Gads UZAMAE |\ RPNRA

_ . //////WHN SARINZANN
Does either choice work for DT aerosols? O \“W\ BT
— The short answer is “sort of” (recalling mutual k \ H =

retrievals are already good!). . &% el

— makes it worse over land? 030 -0.150.00 0.15 030

— Is the difference is related to pixel selection/cloud

AOD: VIIRSwSayer — VIIRS
masking?

7 %’ﬁ” : ﬁ‘g\ \\
, A7 7 G \\\\%w“
Have considered other corrections: Uprety et ( BEREEE sk ‘? i ‘M% | )
al., Doelling et al, etc. N | /

(Sawyer et al., 2020)

-0.10 -0.05 0.00 0.05 0.10
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TxliCS Global Climate Observing System (GCOS) G®DDARD

Inter-Calibration System

requirements for Aerosol Optical Depth (AOD) climate data record (CDR):

2000 € MODIS - 2022

Horizontal Resolution 5-10 km, globally With a long LEO time series

Accuracy MAX(0.03 or 10%) (MODIS + VIIRS) we can
Stability / bias <0.01 / decade meet 15t four requirements
for aerosol observations

Time Length 30+ years

Temporal Resolution 4 h



s G®DDARD

Pointing out obvious

Calibration is important
Calibration from different teams may give different results

Consistency across all light levels (darkest ocean and brightest
cloud) is necessary.

GSICS is solution?

GSICS “Mini-Conference”: 27 Feb 2023 24



i oAt XAERDT: Joining LEO and GEO retrievals GO®DDARD

* Level 2: 6 Individual sensors
 MODIS on Terra (10 km)
« MODIS on Aqua (10 km)
* VIIRS on Suomi-NPP (6 km)
e ABI on GOES-East (10 km)
* ABI on GOES-West (10 km)
* AHI on Himawari (10 km) MEEGED
Uses DT-package to derive all L2
QA/QC filtered
Level 3:
* 30-minute intervals
* Global 0.25° x 0.25° grid

- i
g b E)
o R o7/

Aerosol Optical Depth (550 nm)

0.8F

0.6

0.4

0.2

0.0
VIIRS-SNPP

N

2019 - 2022



il . G®DDARD
| What if?
Goal ————

Use Aqua MODIS as a reference imager to derive
spectral radiometric adjustments for SNPP and
NOAA-20 VIIRS

Challenge #1:

Even though VIIRS and Aqua are “similar” orbits
(~13:30) differences in swath widths and orbit
altitudes mean that true matchups are hard to find.

Challenge #2

The analogous spectral channels on both imagers
used for aerosol or cloud retrievals in some cases still
are quite different, particularly in spectral regions
where cloud single scattering properties vary

—

strongly (e.g., for liquid clouds at right), and land
surface properties (previous page). —_—

GSICS “Mini-Conference”: 27 Feb 2023

Wouldn’t it be nice if
these were

* the same sensors,
* in the same orbits?

26



i GOES18 vs GOES17 CORRARD

Prior to, and during “interleave”,
GOES-18 was sitting at 137.0° right
next to GOES-17 at 137.3°

Both G18 and G17 are reprojected
onto the surface as GOES-W G17=-137.3
(137.0°W)

July 25t GOES-18 L1B reached
provisional status, which includes a
bias correction for Band #2 (red
band).

If GOES-18 and 17 are twins, how
does L1B look? How does it impact
Level 2 aerosol retrieval?

G18=-137.0°




sics GO®DDARD

T e “Dark Target” Aerosol Optical Depth Retrieval

45°N— i 45°N—

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 i 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60

My eyes can’t tell the difference: How about “guantitatively”?
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Clahal Canea_hnead

ABI: Optical_Depth_Land_And_Ocean_G17
[ [ |

400 —
600 —
800 —
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ABI G18 - G17: Optical_Depth_Land_And_Ocean
Ll 1 i [ 1

-0.032 -0.016 0 0.016 0.032

G18

Aerosol Optical Depth (AOD)
Aug 24 2022 @ 20:50 UTC, (Day 236)

(Note Provisional G18 Data)
Ocean

Density of Value in File A vs Value in File B

Density of Value in File A vs Value in File B

o
k3

10?

-
3

10°

log(count of data points)

Difference in

geophysical_data/Effective_Optical_Depth_Average_Ocean pean G17= 0.06616

6e+05

5e+05

4e+05

3e+05

2e+05

le+05

Number of Data Points with a Given Difference

0

1.43e+06 data points
mean: -0.0074886759
median: -0.0050000101
std: 0.019916501

intervals: 50
interval size 0.021098002

Land

10°

log(count of data points)

1.6e+04

l4e+04

1.2e+04

le+04

8e+03

6e+03

4e+03

Number of Data Points with a Given Difference

2e+03

0

-0.6 -0.4 -0.2

“G18-G17

0.2
int

Difference in

geophysical_data/Corrected_Optical_Depth_Land

ean G18=0.05835

edian G17= 0.05600
edian G18= 0.04800

in G17=0.00000
in G18=0.00000

ax G17=1.15700
lax G18=1.02500

Mean G17=0.19637

6.96e+04 data points
mean: -0.054553196
median: -0.053000003
std: 0.038688481

intervals: 50
interval size 0.017907999
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Using “Dark Target”
(DT) aerosol retrieval
algorithm to retrieve
AOD, using ABI Bands
1-6 and 14.

retrieval over ocean
uses different subset
of ABI bands than
does retrieval over
land

AOD over ocean:
noisy but unbiased
G18=G17

- AOD over land:
G18 < G17.

Let’s look at the L1B!



I
i

Why do these differences exit?

e Let’s look at L1B.

e | admit this is a naive way!

G®DDARD
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Some bands used for our DT retrieval
% diff
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G18 vs G17

Density of Value in File A vs Value in File B
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Band 5
(1.60)
G18 = G17
+ noisy

Band 6
(2.26)
G18 = G17

Band 4
(1.37)
Cirrus
Slope < 1.0
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e Summary

 Bands 2, 3,5 and 6 appear to be close to 1-1 at lower

reflectance levels Band 5 9 AOD ocean

nsity of Value

Density of Value in File A vs Value in File B

* For nearly all bands, G18 < G17 at high reflectance
values.

G18

* Band 1(0.47 um) appears to be lower for G18 by S
about 1-2% or on order of 0.002. : 2

— This results in low bias for our over land retrieval

44444

G17

* Band 5 (1.60 um) appears to be noisy at low levels ..Band1 -> AOD land

— This results in scatter for our over ocean retrievals

* Band 4 (cirrus = 1.37 um) is interesting.

.G18 :

— maybe affecting our cloud masking / pixel selection!)

0.4 06 08 1 12
File A Value
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T FO I fu N: AOD over land: G18 vs G17 (orig)

Density of Value in File A vs Value in File

* Can | make G18 look more like G17 for AOD retrieval? “
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=== Summary (NASA-Atmospheres experience) PP

*  With 20+ year record of MODIS on Terra, we have the beginnings of a Climate Data Record for Aerosols
and Clouds.

* Entrance of MODIS on Aqua in 2002 invoked Segal’s Law: “ A man with one watch always knows what time
it is. A man with two watches is never sure”.

— With addition of new calibration and bright-surface detrending exercises, 20-year aerosol and cloud trends agree
extremely well in Collection 6.1.

— Some Terra-Aqua offset remain, but maybe related to diurnal cycles?
* Entrance of VIIRS on Suomi-NPP in 2011 added a new model of watch
— Ported retrieval algorithms were giving some inconsistent results, even with VIIRS and Aqua at similar observing times

— Systematic efforts by aerosol and clouds teams, using “matchfile” processing have led to radiometric adjustments that
reduce offsets for some retrieval products. (But not all!)

— More teamwork is needed to reach consensus and consistency on all products.
— Yet at least between 2012-2022, VIIRS-SNPP and MODIS-Aqua trends agree pretty well

* Entrance of VIIRS on NOAA-20 in 2017 seems to sometimes lead to better matches with Aqua. Noting that
CERES team and other “continuity” efforts appear to be happier stitching NOAA-20 directly to MODIS-Aqua

* NASA’s MODIS and VIIRS Atmosphere teams are recently interested in applying consistent retrieval
algorithms to GEO sensors such as ABI.

— These are very different instruments with very different geometry than LEO (a whole new species of watch!)

* With GOES-18 in near-exact orbit of GOES-17 for about 6 months of 2022-2023, one can nearly remove the
uncertainties of wavelength differences and sampling differences to testing calibration and algorithms.

— Meaning one can directly relate differences in G18 vs G17 L1B to differences in G18 vs G16 L2.

* More teamwork is needed to reach consensus and consistency on all products. GSICS?

GSICS “Mini-Conference”: 27 Feb 2023 35



