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What i1s GSICS?

e Global Space-based Inter-Calibration
System (GSICS)

« Goal - Enhance calibration and validation
of satellite observations and to
Intercalibrate critical components global
observing system

 Part of WMO Space Programme

— GSICS Implementation Plan and Program formally
endorsed at CGMS 34 (11/06)



GSICS Mission

« To provide sustained calibration and validation of
satellite observations

 To intercalibrate critical components of the global
observing system to climate quality benchmark
observations and/or reference sites

« To provide corrected observations and/or
correction algorithms to the user community for
current and historical data



Or In technical terms:

 Quantify the differences — magnitude
and uncertainty

« Correct the differences — physical
basis and empirical removal

* Diagnose the differences —root cause
analysis



Current focus of GSICS

Interagency collaboration on algorithms (GRWG) and data
(GDWG)

Product acceptance and documentation requirements, metadata
standards, dataformats, website standards

Routine intercalibration (monitor and correct) of all operational
GEO Infrared imagers using IASI and AIRS

— MODIS and Deep Convective Clouds for visible channels

Intercalibration of LEO instruments
— HIRS, SSMI, AMSU, MHS, AVHRR, AIRS, IASI, FY3,
— GOME-2, OMI, SBUV

Traceability
— Campaigns
— Key collocation datasets
— Requirements for pre-launch calibration

Root causes and corrections



Organizations contributing to GSICS

e NOAA e« Official observers:

e NIST — JAXA
 NASA — ESA

« EUMETSAT
e CNES

« CMA

« JMA

« KMA

« WMO

GSICS current focus is on the intercalibration of operational satellites,
and makes use of key research instruments such as AIRS and MODIS

to intercalibration the operational instruments 6



Research working group Data working grogp
- Cohisensus algorithms - Formats, Servers

Calibration
Support

Segments
(reference

sites, Coordination Center Regional Procesding Research
benchmark Centers at Satellite Agencies

measurement
s, aircraft,
model
simulations)




Integrated Cal/Val System Architecture

Calibration Opportunity Prediction = Data Acquisition Scheduler

Calibration Opportunity Register
(COR)

Raw Data Acquisition for Calibration Analyses

— Store Raw Data for Calibration Analysis ——
SNO/ Calibration RTM Model Inter- Earth & Geolocation
SCO Rad. Parameter Rad. at sensor Lunar Assessment
Bias and Noise/ Calibration Bias and Calibration .
i (Coastlines,
Spectral Stability Reference Spectral etc.)
Analysis Monitoring Sites Analysis :

Assessment Reports and GSICS Corrections




First international coordinated GSICS project
IS the intercalibration of geostationary infrared
channels with IASI and AIRS
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GSICS Correction Algorithm for Geostationary Infrared Imagers

IMGR_G12 Ch-6 13.3um

The first major deliverable to the user
community is the GSICS correction algorithm
for geostationary satellites.

The user applies the correction to the original
data using GSICS provided software and
coefficients.
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WS The correction adjusts the GOES data to be
consistent with IASI and AIRS.

The figures to the left show the difference
between observed and calculated brightness
temperatures (from NCEP analysis) correction,
respectively.
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U The bias is reduced from 3 K to nearly zero. 10
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Double Difference versus SNOs
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BT Difference (K)
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GOES-AIRS (blue dots) GOES-IASI (red dots)
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Statistical results

GOES-11 GOES-11 | GOES-11Ch5 | GOES-12 Ch6
Ch3 Ch4
Central Wavelength (um) 6.7 10.7 12.0 13.3
Double Sample number | 694 688 691 626
Differ
€NCES | Mean (K) -0.0707 -0.0262 -0.041 -0.0751
95% confidence | 0.0052 0.0116 0.0135 0.0124
level (K)
SNOs Sample number | 228 * 228 228 228
Mean (K) -0.011 -0.0624 -0.010 -0.0124
95% confidence | 0.0091 0.0300 0.0295 0.0211
level (K)
01/29/2010 Task140 Brief 14




e —
IUT Level 1 Data

e —— ———— AT
Orbit Prediction ! i
: i
|
i

s ——
Ref Level 1 Data

! Collocation

e — :
Colloc. Criteria :

[ ]
SRFs, PSFs, ... ». Transformation

e —
Masks, flags, ... Comparison Data

] Plots and Tables |
! A 4 |
IUT Lvl 1 Data ! GSICS Correction i Re-Cal Data
I 3
: |

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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Monitoring MTSAT-AIRS/IASI

0:0 M 0 n Ito rl n g Exam p I e I MTSAT-1R IR Intercalibration with AIRS/AQUA and IASI/METOP-A

% from JMA website
2 MTSAT-1R —
AIRS/IASI

* Time Series of Bias
= at 220, 250, 290K

+» and lots more...

MTSAT-1R
Infrared Channel
(51 IR1 (10.8 pm)
OIR2 (12.0 pm)
CIR3 (6.8 um)
CIR4 (3.8 um)

LEO Data
O AIRS & IASI (all)
O 1ASI (des,9:30am)
O AIRS (asc,1:30pm)
®1AS| {asc,9:30pm)
O AIRS (des,1:30am)

Time Sequence
@ TB difference
O Regression coef.

Monthly Statistics
O scatter plot

(Month Yean BS

May 2008
Jun 2003
Jul 2008

Aug 2008
Sep 2008
Oct 2008
MNow 2008

TB Bias (K)

TB Bias (K)

Brightness Temperature Blas (MTSAT-1R IR1 - IASI)

IASI TB at 280 K

—@- NMonthly
—+— Daily

T
2003
Time

IASI TB at 250 K

—@- NMonthly

2009

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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MZG2 IR13.4

IR13.4:
Larger Bias ~-1K
H| -0.05K/mnth+Jump
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2008

Time series of brightness temperature differences between MSG2-IASI for typical clear-sky
radiances. Error bars represent statistical uncertainty on each mean bias (may be very small).

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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s ——
Ref Level 1 Data

e —
IUT Level 1 Data

e —— ———— AT
Orbit Prediction ! i
: i
|
i

! Collocation

e — :
Colloc. Criteria :

T )
SRFs, PSFs, ... - Transformation

Masks, flags, ...

Analysis

| Monitoring Correcting Diagnosing !

e —— ]

I .

| v i i
IUT Lvl 1 Data ! GSICS Correction i Re-Cal Data

I 3

i i

Reports |
P Pro . _

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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Analysis — Defining GSICS

Correction

% GSICS Corrected R
radiance from GEO
operational product joe0

= a, b from weighted
regression

» Coalesce collocations
over Period ~ 1 month

a 1
GSICS — _E"'B IGEO

2
loeo — @
Glesms - (_ %) [(I GEO a')ab ]2 —2 GE(;J O ah

4

1)

L)

»
»

ISTD IGSICS

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009 20



“* EUMETSAT routinely
run prototype inter-
calibration of MSG-I1ASI

** Results published on
webpage for Inter-
calibration Services :

= http://www.eumetsat.int
/Home/Main/Access to

Data/ IntercalibrationS
ervices

*» This webpage also
allows access to
coefficients required to
apply GSICS Correction

< Users can implement
this as change in-
calibration coefficients

e E U M ETSAT Monitoring weather and climate from space

| ABOUT EUMETSAT | WHATWE nn | acccce o DATA | IMAGE GALLERY | DOCUMENTATION | MEDIA

Home > Access to D

Llewso R T UL SICS Meteosat IR Inter-calibration
+ Product
Navigator
Delivery
Mechanisms

v Meteosat
Image
Services Germany, September 2008).
v Meteosat
Meteorological o P B o SEVIRL v
Frotliiita Satellite: Meteosat-9 SEVIRI
» Data Collection Channel: | All v|
and S
Retransmission Year Month Day
v Environmental Date:
. | o8
Data Services 2009 @) E [13 i85
+ Other : | |
Geostationary Time: ‘m‘
Services . _—
Dizplay: | Time Series Plot v|
» Metop & NOAA i —
Inter- y . —
* Eihtman ) B oweat: Statistical Data
Services
Legend
Met: t .
I;Iﬁ::ra— %  Bias fitted at T, , from

1 night-time overpass

calibratigg

v Archive

) Bias fitted at T, from
Service

1 day-time overpass

v User Support .

4  Monthly mean Bias from
all night-time data

— Trend in night-time data

Error bars: 1-o uncertainty
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PICS Meteosat IR Inter-calibration
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el

This page demonstrates prototype results of the inter-comparison of equivalent infrared channels of geostationary » Meteosat imagers and the polar-orbiting
+ IASI sounder from collocated observations. The data will be updated twice every 5 days, around 0700UTC. The activity is an important milestone toward an
operational GSICS. Similar activities are currently pursued by other GSICS participants. The results, using the » inter-calibration algorithm, can also be
downloaded as » Statistical Data, in + NETCDF Format, from » EUMETSAT's GSICS Data and Product Server. The results for 2007 were analyzed by
Hewisen and Kénig, 2008 (See + Inter-Calibration of Meteosat Imagers and IASI from the Proceedings of the EUMETSAT Satellite Conference, Darmstadt,

M5G2 IRDE.Z

o7 DEOJIJHIZN UZIQD_AI 07) DE|

05| Q6|

2003

M5G2 IRDB.7

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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R/
0‘0

GSICS Correction Coefficients
= Contain best estimate of relationship between
Instruments’ radiance and Reference
* Includes regression coefficients needed to apply
GSICS Correction
»= Draft NetCDF Format defined

W_XX-EUMETSAT-Darmstadt, GSICS+CORRECTION+COEFFICIENT.... [2 |[B][X]

[ ] CADocuments and Settings\HewisonTiLocal Settings TempW_xH-EUMETSAT-Darmst
9 [ Dimensions
|__°‘| number_of_channels=3

|j| number_of_characters_in_channel_name=5
|__°‘| number_of_selections = LIMLIMITED {1 currently)

o= [ Attributes
¢ [ Variahles

o~ ] char channel_name(number_of_channels, number_of_characters_in_channel
o= [ float selection_set_ID{number_of_selections)

o= ] float wavelengthinumber_of_selections, number_of_channels)
o= [ float offsetinumber_of_selections, number_aof_channels)

o= ] float ofiset_se(number_of_selections, number_of_channels)
o= [ float slope{number_of_selections, number_of_channels)

o= ] float slope_se(number_of_selections, number_of_channels)
o= [ float covar{number_of_selections, numhber_of_channels)

o= ] float th_std{number_of_selections, number_of_channels)

o= [ floatth_bias(number_of_selections, number_of_channels)

o~ [ floatth_bias_se{number_of_selections, number_of_channels)

Analysis — Correcting

W_XX-EUMETSAT-Darmstadt,GSICS+CORRECTION+COEFFICIENT... [= |[B[X]

[] C\Documents and Settings\HewisonTiLocal Setiings\TempiWW_=-ELUMETSAT-Darmst
o= ] Dimensions
o [ Attributes
D Conventions ="CF-1.4"
D Metadata_Conventions ="Unidata Dataset Discovery v1.0"
D fitle ="GSICE Correction Coefficients”
D summary ="Inter-Calibration Results as regression coefficients and biases foar
D keywards = "GSICS inter-calibration”
D creatar_url = "hitp:/iwww eumetsat.int”
D creator_email = "archive@eumetsat.int’
D institution = "ELIMETSAT"
D history="2008-09-06T21:30:00Z icesi_match_file_nc callacation_criteria=v0.3;
D references = "ATBD, Unidata MetCDF, Climate Format Conventions, ELUMETSA
D format_author="Tim Hewison - Peter Miu"
D format_version ="5.0 Alpha"
D comment="DRAFT VERSION"
D instrument_under_test ="MET09+3EVIRI"
D inter_calibration_reference = "METOPA+IAS]
D source = "fgeoiuseritimfiasitN_o-EUMETSAT-Darmstadt VIS+IR_IMAGERY M35
D time_coverage_start="2005-08-23T12:00:00Z"
D time_coverage_end="2009-09-06T12:00:00Z"
D number_of_times =1
D number_of_validities =1
D filename = "W_X#-EUMETSAT-Darmstadt GSIC5+CORRECTION+COEFFICIEN
o- ] Variahles

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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Analysis — Defining
Coalescence Period
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e —
IUT Level 1 Data

e —— ———— AT
Orbit Prediction ! i
: i
|
i

s ——
Ref Level 1 Data

! Collocation

e — :
Colloc. Criteria :

T )
SRFs, PSFs, ... — Transformation

Masks, flags, ...

Analysis

[ Monitoring Correcting Diagnosing

Reports

Re-Cal Data

e —— ]

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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Analysis — Diagnosing

< Diagnosis is performed by offline
= |nvestigating anomalous results
= Generating reports and recommendations

% Examples
= Meteosat-9 Ice Contamination of IR13.4 channel
= GOES-13 Imager 13.3 um channel cold bias
= GOES-11/12 Sounder Channel 15 bias
= GOES Midnight calibration anomaly
= MODIS SRF errors

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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Diagnosing Ice Contamination of
Meteosat-9 IR13.4

MSGZ IRT.5.4
1<Ol|”' L L L L L L L B L N LN BN BLBL LIS IR ALELIN B
< Meteosat-9-1ASI Bias LoF :
= In 13.4pm channel = O Bias jumps ~0.5K
= increasing by ~0.5K/yr 2 00 -c--oono oo oo -SLERRRIETREN :
< Recovers after 2 o re oo bl n 3
decontamination o
2
% Theory: Ice on optics ~1.0F
OB|07108|02(10(11112|01|102| 03| 04| 050607
2003

Time series of radiances relative biases between
IR13.4 channel of Meteosat-9(MSG2)-1ASI for
Standard Radiance scenes. Blue crosses indicate
results from individual satellite orbits. Red circles
show monthly means. Error bars represent
statistical uncertainty on each mean bias. Solid
blue lines show trends before and after the
decontamination procedure of December 2008.

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009 26



* Meteosat-9-1ASI Bias
= |n 13.4um channel
= increasing by ~0.5K/yr
»* Recovers after
decontamination

2 Theory: Ice on optics
2 Ice absorption model
% Changes SRFs

*

Diagnosing Ice Contamination of
Meteosat-9 IR13.4

1.0

i

0.8

(¢

i
<
T T T T

Transmission /SRF

o]
.
T I T T

0.2

AR

2 4 8 & 10 12 14
wavelength [um]

Transmission spectra of ice layers of different
thicknesses (black): 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, 1.0 um layers. Spectral Response

Functions of Meteosat-8 infrared channels (red).

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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* Meteosat-9-1ASI Bias
= |n 13.4um channel
= increasing by ~0.5K/yr
»* Recovers after
decontamination

2 Theory: Ice on optics

2 Ice absorption model

% Changes SRFs

*+ Biases non-window channels
*» Modelled by ~0.6um ice

Diagnosing Ice Contamination of
Meteosat-9 IR13.4

134
T 1 T T T T

D“l_'__l- T T T T T T T T

.G

—1.{:'- TR B AT TR N N T T

L 0.5 1.8 1.5 2.0
o= Thichne=a [u m]

Brightness temperature bias modelled
by modifying Meteosat-9's SRF by the
absorption of different thicknesses of ice.

GSICS Users’ Workshop, Bath, UK, 22 Sep 2009
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Diagnosing Ice Contamination of
Meteosat-9 IR13.4

% Meteosat-9-1ASI Bias
= |n 13.4um channel
= increasing by ~0.5K/yr

Channel | Feb- d |[Jun- d |Dec- d |Dec- d |Dec- d

< Recovers after 2006 /um | 2006 /um | 2006 /um | 2007 /um | 2008 /um
decontamination R62 | 21% 13| 8% 05| 6% 04 10% 08| M 03

# Theory: Ice on optics 2 BRI

% Ice absorption model RIOS | & 17| 22% 08| 10% 05 29 10/6% 07

# Changes SRFs - EHESEREREE)

“ Biases non-window channels Gain Changes (%) in Meteosat-9 IR channels

2 Modelled by ~O.6um ice during decontaminations and estimated ice

thickness (um) from transmission model.

2 Consistent with gain changes
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Engage the User Community

Satellite Community — generation of CDRs
* New WMO Space Programme SCOPE-CM
 ISCCP
» National programs - SDS, SAFs,

Satellite Community - NWP direct radiance assimilation

Reanalysis Community
* Next reanalysis — 2012 - 2015

* GSICS major deliverable - intercalibrated geostationary data using
IASI/AIRS from 2003 — 2010+

Satellite Acquisition Programs
* Prelaunch instrument characterization guidelines
« Cal/Val Plans
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GSICS Outcome

Coordinated international intersatellite calibration
program

Exchange of critical datasets for cal/val

Best practices/requirements for monitoring
observing system performance (with CEOS WGCV)

Best practices/requirements for prelaunch
characterisation (with CEOS WGCV)

Establish requirements for cal/val (with CEOS
WGCV)

Advocate for benchmark systems

Quarterly reports of observing system performance
and recommended solutions

Improved sensor characterisation
High quality radiances for NWP & CDRs
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