


To organize the production of
satellite inter-calibration
iInformation to enable
Improved and consistent
accuracy among space-based
observations worldwide for
climate monitoring, weather
forecasting, and
environmental applications.

Why? Foundation for all
applications are the
fundamental measurements

Warnings

Impact assessments

Specialty forecasts - e.g. floods

Weather forecasts 3- 5 days

Baseline of robust and accurate observations

The Global Operational Satellite System

©The COMET Program / EUMETSAT / NASA I NOAA | WMO
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€ The Beginning: The Space Programme of WMO initiated a

discussion and held several meeting in 2005 to develop the
— concept of a Global Space-based Inter-Calibration System
(GSICS). The following experts participated:

Mitch Goldberg — NOAA/NESDIS (Chair)
Gerald Frazer — NIST
Donald Hinsman — WMO (Space Program Director)
John LeMarshall - JC Sat. Data Assimilation
Paul Menzel —=NOAA/NESDIS
Toshi Kurino - JIMA
Tillmann Mohr - WMO
Hank Revercomb — Univ. of Wisconsin
Johannes Schmetz — Eumetsat
Jorg Schulz — DWD, CM SAF
William Smith — Hampton University
Steve Ungar — CEOS, Chairman WG Cal/Val
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Intercalibration

e Extensive pre-launch
characterization of all
Instruments traceable to Sl
standards

e Benchmark instruments in
space with appropriate
accuracy, spectral coverage
and resolution to act as a
standard for inter-calibration

e Independent observations

» Calibration/validation sites,
ground based, aircraft

NISTIR 7637

Best Practice Guidelines for Pre-Launch
Characterization and Calibration of Instruments
for Passive Optical Remote Sensing

(Report to Global Space-based Inter-Calibration System (GSICS)
Executive Panel, NOAA/NESDIS, World Weather Build ing,
Camp Springs, Maryland 20746)

R. U. Datla, J. P. Rice, K. Lykke and B. C. Johnson
NIST Optical technolagy Division

J-J. Butlet and X. Xiong
NASA Goddard Space Flight Center

September 2009
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U.S. DEPARTMENT OF COMMERCE
Gary Locke, Secretary

NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY
Patrick D. Gallagher, Director
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Critical building blocks for accurate measurements and
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Space-based Instrument Characterization Elements

 Fully characterized sensor components

— Traceability standard
» Full instrument cycle test to ensure every component is
traceable to Sl standard
— Pre-launch tests

— Sustained post-launch characterization
« Satellite to Satellite comparisons
» Collocated in-situ observations
» Radiative transfer models
e Data assimilation models
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Building Blocks for Satellite Intercalibration

Collocation

—  Determination and distribution of locations for
simultaneous observations by different sensors
(space-based and in-situ)

—  Collocation with benchmark measurements

Data collection
— Archive, metadata - easily accessible

Coordinated operational data analyses
—  Processing centers for assembling collocated data
—  Expert teams

Assessments
—  communication including recommendations
—  Vicarious coefficient updates for “drifting” sensors



GSICS Structure

& Partnerships
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CGMS GSICS Exec WMO
Panel
]
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GSICS Coordination GSICS Research GSICS Data
Center Working Group Working Group
VIS/NIR Microwave uv Future
Sub-Group Sub-Group Sub-Group Sub-Groups...
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her Energy Photons Arrive
iSICS
y Flynn, NOAA

sue of GSICS Quarterly features a mew area of the
m for GSICS work, the ultraviolet. Unlike some oth-
tral regions. the primary products for the backscatter
et (BUV) measurements are the ratios of earth ra-
to solar itradiances. These ratios provide informa-
atmospheric absorption and scattering. and on cloud
rface reflectivity for product retrieval algorithms.

The Conundrum of Sl traceability at

Lmin for the VIIRS Day/Night Band

by Chamgyemg Cas, NOAA

It 15 commenly accepted that any good measurements,
including those from satellifes, should ideally be made SI
traceable, which iz defined as the “property of a measurement
resnlt whereby the result can be related to a reference through a
documented unbroken chain of calibrations, ezch confributing
to the measurement uncertainty” (VIM]. For the VIIRS
onboard caltbration, the pre-launch “ reference™

‘Tartios has inherent cancel-
yeaa insirument troaghput
Ithough the resources and phi-
o track the varying instument
ts differ among the instu-
example, the Ozone Mapping
ite (OMPS) instruments use
wking and reference diffus-
itor the diffaser changes and

[Eanth_radiancefy) * LCFEQ]/ [Dayl_
Solar_imadiance * AD(t)]

where AT(Y) adfusts for the changes

in the Earth/Sun distance, while the
(GOME- series of instuments use
onboard seurces to monitor the solar
diffuser changes over time, SDC(f).
independent of the rest of the optical and

woreld be the iradizcs sowroes med mmch lowsr. For emaepls, the brighwst & changes i the rest of the sensor changes, and make daily solar
and cmistained at the metrology +pot i Geneva s typical radiznce | semsor characteristics over ‘measurements. The simplistic represen-
mstitute. Afber the sarllite is mched on o ondar of 200- 300 an’-a 1 parameter called Calibration tation of the adjusted rtios has the form.
izt arki, the mdarence become: the (Figm. 1. th, CFE(t). A simplistic

salar iradioncs which hs bea ‘While s 2% wmeartsiney it good ion of the adjusied rados Earth_radiance(t) / [Solar_imadiance(s)
entansivaly stmdied with well knoun anough fir low-gin qpplications whore  top-of-amosphere refiec- * LISDC()

imcartainties. Affer tking into accowe ths radizmces arw high dering fe the farm

all the uncertintias in the arrer tedget daytins, the encarninty increases

amalys, it is conchudad that tha VIRS graatly when the calibeation is

caboard solar diffuar ; s and bigh

achiove a calibmation with £2% (1 min stagos (MGS md HGS). For

signe) mmcertainty. axample, the mcertainty for the DN

In o cava of the VIS DayNighe HGS has a speciSication of et L,

erimlﬂj.ﬂnmmhﬂmﬁrﬂm (3 0W/ezn7) and can b o 10084

sclar differ 2

in scmne casse. As a point of

rdar of 1 000 000 5z’ (s=
manc watt, o (.00 Wiees'-xf) which
s i the bow gin stage (LGS).
Eomwiar, at zight,the radiances ar

comparisan, a crab Siking boat rescud.
in Aladka in 2013 showed 2 DMB
‘radiznce valus on the ardes of 3.6
aWicar'x, whick i at the lowel of

differences between
clearly wndentood.

insirumments are the measurement of Top of Atmosphen

Spocal Thanks to Alsksandar Jeenak:
(TOA) Total Solar lmadiance (TS1)

SIS Assed Pubicatiors

A in work
ime and space can be compared if they | The Earth Radiation Hudget (ERS)

GSICS Quarterly Newsletter Features

Since Fall 2013, brand new
format.

Since Winter 2014, the
Newsletter has a doi.

Accepts articles on topics related
to calibration (Pre and Post
launch).

New Landing page on the GCC
website.

Rate and Comment section:
readers and authors can interact.

Articles are reviewed by subject
experts

Help available to non native
English speaking contributors.

Since Fall 2014, new navigation
features added to the Cover
Letter.




Satellite Cal/Val Programs Supports GSICS

e JPSS and GOES-R and other CGMS satellite agency
requirements for on-going validation of instrument
performance and stability ties into GSICS functional areas.

 These include intercalibration, instrument monitoring and
campaigns, assessments, routine cause analysis, etc.

* Following are excellent examples of assessments that GSICS
depends on to establish traceability and next steps
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8168
L

2~ Global Spoce-based
Jifor.Calibration System



March 2015 Greenland SNPP campaign

SNPP-2 Calibration Validation SNPP —2 CalVal Payload

S-HIS (Scanning High-resolution Interferometer Sounder)

L — cross-track scanning interferometer sounder which measures
Mission Goals: emitted thermal radiation at high spectral resolution between
3.3 and 18 microns

— https://shis.ssec.wisc.edu
NAST-I (NPOESS Airborne Sounding Testbed-Interferometer)

d ~
. e L

— radiometric calibration validation over cold clear scenes
* Resolve CrlS and IASI differences

— assess satellite T/q profile retrievals for cold scenes — high spectral resolution (0.25cm- 1) and high spatial resolution
] ] (0.13 km linear resolution per km of aircraft flight altitude, at
* Flights out of Keflavik from March 7-29, 2015 nadir) scanning

NAST-M (NPOESS Airborne Sounding Testbed-Microwave)
. — passive microwave spectrometers
Primary Target — SNPP MASTER (MODIS Airborne Simulator)

Secondary Targets — METOP A and B’ Aq ua, Terra — visible, shortwave infrared, and thermal infrared channels
— http://masterweb.jpl.nasa.gov

* ~4.8 hours per flight lag time over Greenland Ice Sheet
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l Cris S-HIS

Results Conclusion

Mean SNO differences for 910-930 cm-!

—=— AIRS - |IASI-A

—=—AIRS - IASI-B

—e— CrlS - IASI-A
CrlS - IASI-B

Error-bars
represent
statistical
matchup
uncertainty,
not sensor
uncertainty

Decreasing Scene Temperature

| 1 | | |

270 260 250 240 230 220 210 200
BT (K)

0.050 K Agreement > 0.3 K relative
differences

11



Brightness Temperature Difference from SHIS

0.8 1 ] I | | |
A PRELIMINARY: Native spectral resol
= |ASI-A ‘ .
06/l = |ASI-B — ]
A AIRS i
0.4 B ] -
L ——
0.2 ke TT™ _ s
IH ingy ol
Or } A/ s i
. [ .
—'02 B B N
—0.4} .
Error bars only represent spatial variation for
0.6 footprints used in comparisons i
_0.8 | | | | ] |
255 250 245 240 235 230 225

Preliminary Analysis and Results:

SNPP Calibration Validation Campaign 2015

SNAP2015, 850-900 cm™

Brightness Temperature
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GSICS correction Is negligible for AHI

MTSAT-2 Infrared
Channel
O IR1 {10.8 ym)
® IR (12.0 ym)
© IR3 (6.8 jum)
O IR4 (3.8 ym)

LEO Data
O AIRS & IAST-A (asc
& Des)

) ATRS {ase.1:30pm)
) TAST-A (des,9:30am)
) TASI-B (des,9:3am)

O AIRS (des,1:30am)
O TASI-A (asc.9:30pmi)
® TASI-B (ase, 9:30pm)

) ATRS (des & asc)
O TASI-A (des & asc)
) TASI-B (des & asc)

Time Sequence
* TB difference
" Fegression coef.

Statistics for GSICS
Correction
L) Scatter plot (D)
) Seatter plot (Fad)
(Month Day Year) .
Sep1l, 2018
Sep13, 2015 D
Sepl14, 2015
Sepl15, 2015
Sepld, 2018
Sepl7, 2018
Sepl8, 2018
Sepl1B, 2015
Sep20, 2018
Sep21, 2015
Sep22, 2018
Sep23, 2015 4

TE Bias (K)

TB Bias (K)
=il <08 &0 as =i =38 @4J a8

T8 Bias (K}

TE Bias (K)

(L]

1

Brightness Temperature Bias (MTSAT-2 IR2 - 1AS])
LASI TE at Standard Radiance (205.94 K)

e
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AHI Infrared Bands
© Band07 (3.9 um)
C Band08 (6.2 )
O Band09 (6.9 um)
O Band10 (7.3 um)
) Bandl1 (5.6 um)
) Band1? (9.6 um)
) Band13 {10.4 pm)
© Band14 (112 pm)
® Band15 (12.4 ym)
O Band16 (13.3 pm)

LEO Data
O AIRS (all)
O [ASI-A (all)
O [ASL-B (all)
O OIS (all)
O ATRS (asc, 1:30pm)
) ATRS (des,1:30am)
O TASI-A {des 9:30am)
) TASI-A (ase, % 30pm)
O [ASI-B {des,9:30am)
® [ASI-B (asc,9:30pm)
O CrIS{ase, 1: 30pm)
O CrIS{des, 1: 30am)

Time Series
* TB difference
" Regression coef.

Statistics for GSICS
Correction
) Seatter plot

[Month Day Year) o
Sep12, 2015
Sep13, 2015 |:|
Sep14, 2015
Sep15, 2015

TH Bias (K)
=10 =28 Q4 o8

TB Bias (K)
=10 =2 90 as

TB Bias [K)

TE Bias [K)

Brightness Temperature Biaz (HIMAWARI-8 BAND1S - IAS])
LASI TE at Standard Radiance (282.78 K)

"
L
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ICalibration i JCalibration
-

GSICS Infrared ‘ﬁ!u:_!

GSICS Infrared 'ﬁ!!.ﬁ!
Inter-calibration -

Inter-calibration

I Himawari-8/AHI IR Inter-calibration with AIRS, IASI-A/B and C1IS I Himawari-8/AHI IR Inter-calibration with ATRS, TASI-A/B and CiI5
AHI Infrared Bands AHI Infrarved Bands
Band07 (3.9 um) Brightness Temperature Biss (HIMAWARI-8 BAND13 - CRIS) Band()7 (3.9 pm) Brightness Temperature Bias (HIMAWARI-8 BAND13 - IASI)
Band)8 (6.2 ym) CRIS TB at Standard Radiance (206.18 K Band(8 (6.2 um) 1ASI TB st Standard Radiance (286.18 K)
Band09 (6.9 um) L Band09 (6.9 um) 2 4
aioOom | g m0Cim | g
e 2 . D e e L e e Band1l (8.6 jm) A | ity o
# =1, - N P
Band12 (9.6 um) o . . = Bandl? (9.6 um) -
& Band13 (10.4 ym) = ® Band13 (10.4 pm) !
-3 Bandl4 (11.2 7 T T T T TT
1‘{ C.I-.I-:I-IICIJ I anJldnl Iu-llml Iou-lﬂul Icn-lnnr l(e-l.nlll-_-l-ul Ia-:nu;ul IH-ISmI In—‘&:ll la:««l I:s.lbn 1; ::EJE di;Jdlul Im-llml Ioe—IMuI Imljnn [T I-.—I.ul IH-:'\-\.uI IH-Isz In—‘&l e IJS-IDn
Bandl? (12.4 um) P Band15 (12 .
Bandl6 (1.3 ) Time Bandl§ (13.3 pm) Time
oo CRIS TB ot 200 K LEO Data . IASITB =t 200 K
s arsan i
At a g4 &2 £ s
IASL-A &l 1 3 |- emapmei ittty ol I e — ST RS S
IASL-E (all) AR 5 . - IASLB (all) g *
€IS (all) B3 OIS (all) Foe
L a
2 ATRS (ase, 1: 30pmm) e e e S e e e e I LA R B e e s S s S e e e e
ATRS (ase,1:3 ¢ . " ; ‘
ATRS 23:133 n::‘u Imlpr feMiry  Euhn Rl Bl Mok MeSep JOc MdNow Jtfec ATRS (des, 1:30am) o::= et Ny = el el BeAg Mefw RO MR aeta
_A (des 9:3 Th
TAST-A (des,9:30am) Time el [Tl e
TASI-A {ase,9: 30pm) # TASI-A (ase 9-30pm)
IASI-B :dg' 9:30am) IASI-B (des.9:30am) .
ASI-B (des 9:3 - B (asc.9-3
IASLE ase,5:30pm) - EIS;B_ \T“‘;pn:;m) g
® CrIS{asc,1:3 - {ase,1:3 a
&'IS:;: 1_13@; 2 - CoI8(des, 1: 30am) & °
{des, 1:30am) z o .
Time Series " Time Series T
® TR &if * TB difference
R t.rrme - Fegression coef.
ETesslon coef.
Statistics for GSICS Statistics for GSICS -
Ctnmnr.-.s o " Correction g "
arrechion = j Scatter plot 'i -
Scatter plet 5 . {Month Day Year) o
(Month IZ:a}.r Year) E - Sepil, 2015 m ,.
Sepii, 2015 F oq Sep12, 2015 o
Sepll, 2015 - Sepi3, 2015 s S B B B B S e S LA N B B B R S m e e e e e e e m
Sep13, 2015 ! Sepl4, 2015 o;‘r- Ay e May  m-hn oehl Ml mAg  M-Swm =08 MNw  J0De
Crmdd ANA4R Sepi5, 2015 Time



HIMAWARI-8 TE - Hyper Sounder TE (K)

HIMAWARI-8 BAND13 vs. NPP/CRIS
12 Sep 2015 (Period: 29 Aug 2015 to 26 Sep 2015)
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HIMAWARI-8 BAND13 vs. NPP/CRIS
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HIMAWARI-8 TB - Hyper Sounder TE [K)

HIMAWARI-8 BAND13 vs. METOP-B/IASI
12 Sep 2015 (Period: 29 Aug 2015 to 26 Sep 2015)
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[Calibration

GSICS Himawari-8/AHI infrared inter-
calibration guide

Inter-calibration between Himawari-8/AHI infrared bands and high-spectral-
resolution sounders

The Meteoralogical Satellite Center (MSC) exammes way of moproving miter-calibration between
Himawari-8/'AHT {referred to here as AHT) mfrared bands and lngh-spectral-resolution somders
{levper soumders). Data from the three hyper somders detailed below are nsed for this work

¢ The Atmosphenic Infraved Somder (ATRS) 15 3 nuilti-aperhre array srating spectromester on
board the AQUA zatellite of the Mational Aeronautics and Space Admmustration (NASA,
us).

¢ The Infrared Atmospheric Somdme Interfercmeters (TASIs) are hosted by the Metop-A and -
B satellites of the European Orgamzation for the Exploitation of Metecrological Satellites
(EUMETSAT, EU).

¢ The Cross-track Infrared Soumder (CrlS) 15 a Fourier transform spectrometer hiosted by
MASA's Suomu NPP satellite.

Inter-calibration is conducted once a day. The lyper-soimder data used i this work are collected via
the Internet. Inter-calibration computation may be canceled if network conditions are poer.

As of Tuly 2015, AHT GSICS Corrections are imder devalopment. The products will be reviewad

within GSICS to enter Demonstration-phass.

Outcome

The results of thus mter-cahbration work have three statistical parameters. It should be notad that

the results eontain a certain level of meertainty cans

e to variations in mstrmment accuracy,

differencas in observation conditions and speetral compensation residals.

Coefficients of regression between the radiance of hyper sounders and AHI

Linear regression coefficients (Cy and C;) and their standard umcertamties are computed to allow
association of Hionawan Standard Data (HSD) radiance with lyper sowmder radiance. The radiance

- - - .- S -
15 In wavemmnber space, and its wmut 15 W™= sr Lem

Radiance (AHT) = C + C; » Radiance (hyper somder)

GSICS Correction

GSICS Correction 15 the nutial core product of GSICS. It 15 a dataset that allows users to determme
corrected satellite radiances based on the results of mter-calibration, and consists of the above lnzar
regression coefficients (Cy and C). Corrected satellite radiances are calculated using the followinmg

equation:

Carrected radiance (AHT) = HSD radiance (AHT) / C) - Cy / Ty

GSICS Correction 15 computed for every da.:-':?l'; reduce the ra.l.\dm.\;cm.tqm.\zm of imcertanty,
carrection is derived from data over 29 and 13-day time periods for Re-Analysis Correction (FLAC)
anxd Mear Feal Tine Correction (METC), respectively. The smootline period for BLAC 15 ¢ - 14 days
to ¢+ 14 days, and that for NETC 15 £ - 14 days to r + 0 days (where 1 15 the date of valudity).

TE difference between hyper sounders and AHI

The brightness temaperature (TB) difference (AHI value mums hyper soumder value) and its standard
mcertamties assoctated with AHI and Iyper sounder radiance are computed at reference
temperatures of standard radiance, 290 K, 250 K and 220 K. A standard radiance from GSICS 15
defined to allow comparison and commvement expression of nstnmment nrter-calibration bias i wmits
that are imderstandable ta users.

The standard radiance of AHI was calculated for each chamel by ETTOV-11.2m a 1976 US
Standard Atmosphers at nadir, at melt, m elear sky, and over the sea with an 58T of 288 13K and a
wind speed of Tm's.

dTb=Th (AHI) — Th (lnyper soumder)

AHI band | Band7 | Band? | Band? [Band10|Bandl ] [Bandl 2 [Bandl3 |Band14 [Band1 5 [Bandl§
{pm) G |ED 6D 7D | @6 | 6 |04 ALY (124 | (133
Standard

radiance [K]

28595 234,65 | 243,85 234,50 | 283,82 | 259.45 | 2B6.18 | 286.10 | 283.78 | 269.73

I Conversion between brightness temperature and radiance

The Planck fimetion and sensor spectral response fimetions are wsed to compute brightness
temperature [K] from radiance [1.1:1‘“'.1.\:(3.ar'1 .c1m] and vice-versa. In general, appresmmation
equations called senzor Planck fimerions, wlnch are generated for AT mfrared hands, are used to
facilitate computation

Brightness temperature to radiance Radiance to brightness temperature

Phe? T by + by T 4 by T2
T = f i i T i Te
Bi(Ts) exp{hew; [ klay +axTh) = 1} ke
where  By: sensor Planck function of band i T(B T
e ol Bi) ;
Th: brightness temperature ! 2het ] 1
¢ central wavenumber of band i n N !
i, @34 band correction coefficients of band i where Ti: the Planck temperature of band i
h: Planck constant T,: effective temperature
k: Boltzmann constant By: spectral radiance
¢ apoed of light By, Bai, bai: band correction coefficients of band §
Wavenumber Band correction coefficients
AHI band
v (em™) al al bl b2 b3
Band 7
1 0464673802 |0.999341618 | -0.479737 [1.000766|-1.860569=-07
(3.9 )
Band 8
1609241 |Le465HT20 10906401237 1662616 |L.0036%4|-1.732716=-07
(6.2 pm)
Band 9
142079 0.30813537 |0.999259063 | -0.3357036 | 1000974 |-4.547962e-07
(6:9 pm) i
Band 10
- 1361387 |0.057365468 |0 999854346 |-0.06306013 | 1000195 |- 1.069833=-07
(7.3 pmm)
Band 11
1164 M43 [0 135127541 |0 999613566 | -0.1605105 | L.O005EY|-4.019762=-07
(8.6 um) 16
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Wrap up

= Where we are:
e GSICS has developed a cadre of calibration scientists through
out the world’s earth remote sensing satellite agencies
e Every satellite/instrument operator is now responsible for
characterizing their own satellites with community consensus
algorithms and tools

= Where we are going:
e GSICS will continue promote capacity building
e Contribute significant to the new Climate Architecture.
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