Global Spaced-based Inter-Calibration System (6SICS)

Euzhong Weng and Mitch Gelakerg
CEOS WEECV 28" VIEETNg
Sanya, China
Eebruary: 24-281, 2008



GSICS Progness

Data/INews
TE@ZIE®

GEO2ZILE®
Community, SUPPori

Coordination Geals
SUummanry,



News Greup

Jask Cead: Bob
llacovazz

LEOZLEO VIS/IR Group
Jlask Lead: Alex \Wang

Adviser: Changyeng
Cao

LEOC2LEO MW Group

Jlask Leads: Banghua
Yan and Bob lacovazz

Adviser: Fuzhong Weng
LEO2LEO UV Group

Task Lead: Trevor Beck

Advisor: Larry Elynn

GEOCZICECrGreu)e
ljask Cerlleadst Fangiang Yrs:
YapingrLE
Advisor: Ered Wk andrAlex
Jlejnleie)V/

[Datal Groeup
ljasks Lead: Yapime
Adviser: Changyeny Caoe

\Wep: Site
ask Cead: 22

Advisors: Beb lacovazzl,
Changyeng Caerand Euzhena
Weng



News/Data

GSICS © Quarterly

Global Space-based Inter-Calibration System

* CMA » CNVES * EUMETSAT » JMA * KMA » NOAA » WHMO »

www. ovbit nesdiz noaa gov/smed)p b/ cafibration/ucvs/GSICS findex fitmf

GSICS LEO-LEO Inter-
Calibration

In the past few years,
estimation of post-launch
inter-satellite  calibration-
related  radiance biases
between sumilar low-earth
orbiting (LEQ) satellite
mstruments  has  been
improved substantially
Wlﬂl the dexeiopmem of
/S

Overpass (SNO/SCO) methed (e.g.. Cao and Herdinger 2002;
Cao et al. 2004 and 2005). The essence of the SNO/SCO
method 15 that sumlar space-bome radiometers flown on
different LEO satellites periodically observe the same earth
scene at the same time, which eliminates bias uncertainties
related to meteorological evolution within the scene. The

"0 methed has been applied operationally to

MetOp-A and NASA EOS Aqua
satellites with excellent results. and 1s ldemlﬁed as an essential
component of GSICS. In Figure 1. the SN is 1
shown to be comprsed of the following processes: S
prediction; data access, subsetting. and collocation; and dz.l:l
analysis and plotting.

Since it is cumbersome to examine all data granules for
SNO/SCO events. the Simplified General Perturbation Model
Four (SGP4) and availabls llite orbit ephemeris data are
used fo predict these events. From these predictions, it 1s
found that the frequency of SNO/SCO events depends on the
crtenia of sim\lltaneit\ and the nature of the orbital geometnies
and altitudes of a given pair of LEO satellites.  Currently. a
SN 1s considered to occur if observations of a given

by two satellite instraments on
dlﬂ’:rm( polar-orbiting satellites are taken less than 30/60
seconds apart.

At the Coordmnation Center (GCC), access to
aperational ~;teihts data is accomplished through a NOAA
collaborative data environment. while research data sets are
obtained through the host organization and stored locally on
GCC computers for later use. Once the raw datasets are in
place, data subsetting and collocation is an important next step
1n the process of SNO/SCO methodology.
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t, the data 1s subsetted near the point
where the nadir tracks of the rwo spacecraft intersect. For the
cross-track scanning instruments, data at SNO events are then

erther nearest-neighbor or  bilinear
tion methods. The SCO observations are
collocated using a new techmique developed by Iacovazzi and
Cao (2007) to reduce the effect of inhomogeneous surface

each pau' of collocated

O, and then averaging these biases over the

SNO/SCO region. Ovwer time. as the population of SNO

events from the two satellites mncreases, 1t becomes possible to

compute SNO-ensemble average measurement biases and

uncertamties, as well as other bias statistics urently, these

statistics can be found in the “Science Pages™ of the GSICS
web site.

8NO/8CO Estimated Bias
ots and Tables

Figure 1: Process of estimating inter-satellite calibration
Dbiases using the SN O method.
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GSICS Executive Panel Il Nevemper 2007, Cocoea
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IGARSS — July: 2007, Barcelona, Spain
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CA, USA
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Consists ol graphs, takles; andfdecumenitation
regarding SNO/SCOranaly/sis.

AIRS, AMSU-A, AVHRR, HIRS, TASI, MODIS,
SSM/IS

Most current & some historicaliinstruments

Working toward a uniferm: analy/sis preduct:
and more thorough documentation
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3.A) Gather SNO Raw
Data from Local and Remote
Sources for SNO #1 from
SNO Short List:

sno_acquireDataset.pro

3.C) Gather Raw Data
for Next SNO from SNO
Short List:

sno_acquireDataset.pro
#SNO

Short List Entries
EQ Last

3.B) Gather Available
SNO Raw Data from Local
and Remote Sources:

sno_acquireDataset.pro

4.A) End Runscript:

snoAcquireDataset




Start Runscript:

snoMakeDataset.scr

1.A) Write Prescribed
Parameters to Control File:

sno_makeDataset.ctl

2.A) Process Unprocessed
SNO #1 from SNO Short
List:

sno_makeDataset.pro

2.F) Process Next
Unprocessed SNO from
SNO Short List:

sno_makeDataset.pro
#SNO

Short List Entries
EQ Last

3.A) End Runscript:

snoMakeDataset

LEO2LEO

2.B) Gather Available
SNO Raw Data from Local SNO

and Remote Sources: Raw Data Exists
sno_makeDataset.pro

2.C) Find Nadir Location
of SNO:

sno_makeDataset.pro

SNO Found

2.D) Subset and Match the
Relevant SNO Data from the
Raw Satellite Files:

sno_makeDataset.pro

2.E) Output SNO Data
into an HDF File:

sno_makeDataset.pro
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Spectral Response

LEO2LEO

AIRS_Pseudochannels

8 10
Wavelength (pum)

Broad Channel Response
Narrow Channel Response
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Automate Analysis of
Simultaneous Nadir Overpasses
between N16 and N15 AMSU-A
and N16 and METOP-A AMSU-A

= Ay MOAA-1T

NOAA-16

Please report significant anomalies of your
instruments to GCC. They can be posted
in GSICS Quarterly and/or our web site.

+Maan 5H
«Mbean BIH

Brightness Temp. Bias (K)

1 Aug 1 Apr 1Dec 1 Aug
2002 2004 2005 2007

Time series of NOAA16 — NOAA15 AMSU-A
Channel 4 T, bias.

(B} MetA - N16

:

b

+Maan SH
«Miean HH

Brightness Temp. Bias (K}

24 Feb 17 Apr 9 Jun 2 Aug
2007 2007 2007 2007

Time series of MetOp-A — NOAA16 AMSU-A
Channel 4 T, bias.
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0 1
TASI minus AVHRR (K)

Temperature observed from AVHRR channels
4 and 5 is slightly warmer than IASI.

The bias distribution has spatial patterns,
which is related to scene temperature.

IAST minus AVHRR (K)

(Wang and Cao, 2007)




LEO2LEO Group Progress (

Mean: 0.003 K
STD: 0.217 K [

&
’ —253() :
L 3

LASI minus HIRS (K)

0.0 02 0.4 0.6
IASI minus HIRS (K)

(Wang and Cao, 2007)
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SCO — evenry pair of pelar-
orbiting satellites with' differeni
altitudes) pass thelr errtal
INLErsecions Within a few
seconds regularly/in’ the poelar
rEgions

Conical Instruments preduce
more chances In matching than
scanners due to thelr constani
viewing angle

Strong emissivity variation' at
high latitudes requires stringent
check In surface homoegenelty -
Sigma tests

Time constraints are significant
flor microwave Sensors

Orbital Intersections near the Antactica between DMSP satellites
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Channel & Polarization
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SNO-ensemble mean Tb bias 99 %
confidence interval versus AMSU-A
i channel for the Northern (solid
—e— interpolQC NH line/circles) and Southern (dashed
e line/triangles) Hemispheres. The
SNO method was performed
between N18 and Aqua AMSU-A
satellite instruments using the
pixel-matching (light-gray),
bilinear interpolation (gray),
and
bilinear interpolation with
quality control (black)
data collocation techniques.

ol
in

Confidence Interval (K)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Channel (lacovazzi, Jr. and Cao, 2007)
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DIssemipation o GE@EILE@ aRAIN/SIS

software
AIRS/MISAT, AIRS/GEES TASI/SEVIRIFanGE

IASI/GOES Inter-comparsens
Updates tor GEO-ICE@r analy/sIs, seliWeare:



Radiance[mW/m”2/cm-1]

800 850 900
Wave number [cm-1]

Brightness temperature
differences of the AIRS virtual
channel computed with and
without applying the proposed
spectral gap filling method.

(Kato, 2007)

TB difference of AIRS virtaul channel

between with and without compensation

Method:
Prepare line-by-line RTM simulated
radiances with respect to a particular
atmospheric model profile.
Adjust the radiances to observed
hyperspectral radiances.
Adjustment is averaged ratio between
observed hyperspectral radiances and
corresponding simulated radiances
computed from the line-by-line
simulation.

TB of AIRS virtual channel for MTSAT-1R IR2 (No-compensation) [K]



Features:
Off-nadir GEO-LEO inter-comparisons that
allow expanded coverage of diurnal cycle.
FOV resolution allows instrument bias
estimates to be made as functions of scene
radiance or Tb.
GSICS partners have come together to
establish algorithm specifications and to
develop code.

Plot of AIRS-convolved Tb as a function
of GOES-12 Imager Tb for the 13.3 um
band. Red circles indicate AIRS data
convolved with measured SRF. Blue
asterisks represent AIRS data convolved

with shifted SRF.
(Wu, 2007)

Green dots depict locations of AIRS-convolved
and GOES-12 Imager 13.3 um band inter-
comparison data on 21 February 2002. (Wu, 2007)
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Samples | Max(@Bi) | Meamn Bl
E —Mim (Bl (9
()
AR | 4 0.509 294,006
GOES | 17 0L 719 294,061

(Wang and Cao, 2007)
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IASI, NAST-I, SHIS
Mean spectra

IASI minus NAST-I, IASI minus SHIS

B P P P PSP S

2000
wavenumber

Validation of IASI spectral radiance
observations using S-HIS and
NAST-I data collected on 19 April
2007 over the Oklahoma ARM site.

AERI minus TXR

AERI minus S-HIS
(Error bars represent
combined 3o uncertainty)

TXR 10 pm Channel

Mean = -22 mK
Mean = -60 mK £90 mK

|
|

250 260 270

AERI BT (K)

(Tobin, 2007)

Top: A photograph of
the S-HIS / NIST TXR
test setup.

Bottom: The
difference between
predicted AERI
blackbody radiance
and the measured S-
HIS radiance and the
predicted AERI
blackbody radiance
minus the measured
TXR radiance for the
10 um TXR channel.



Features:

DCCs are cold and bright
tropopause targets in the tropics.

DCCs provide maximum
earth-view radiances in the solar
reflective bands

DCCs have with a nearly
constant albedo at the top of the
atmosphere.

No apriori atmospheric profile
or surface information is required
to calibrate with DCCs.

haro o L -l

DCC Image from the tropics.

MET-8 0.86um DCCT monthly PDFs
June - September 2006

MET-8 DCCT monthly PDFs

# of pixels

aool ..

550 (o) 650 700

MET-8 DCCT monthly gain trendline

June-September 2006
June-September 2006

mean

DAY SINCE LAUNCH {Aug 28, 2002}
750 800 - 50
MET-8 Visible count (10bit), 0.86um YEAR

&
NASA

i
NASA

NASA Langley Research Center / Climate Sciences Branch

Monthly PDF mu_tles
s

0.80°

1968 1999 2000 2001 2002 2003 2004
YEAR

NASA Langley Research Center / Climate Sciences Branch

Top: (left) Monthly PDF of
pixel counts converted to
overhead sun; and (right)
normalized mode and mean of
PDF over time. Note each
month uses more than
100,000 DCC pixels. Also, the
middle month in the time
series is used to normalize the
mean or mode radiances.

Bottom: GOES-8 five-year
calibration trend based on
(left) VIRS and (right) DCC
matched gridded radiances.

(Doelling, 2007)



Independent assessment el pre-launch calilsration data

On-line perfermance monitorng using aninstitmentparameter trending
System.

Independent radiance vesrhication usinag SNO/SCOrancl GEO-LEONnIE*
satellite calibratien hiass estimation metheds:

Inter-sensor calibration - including inter-comparsen Letweenlimager and sounderchannels; and
inter-channel calibration - ter moniter the radiemetric and spectral calibrration stanniii/amtheleng-
term..

Vicarious calibration' using| the Moen, stars, and desert sitesifor: visible/near=miired channels; and
using the mid and' upper atmosphere te check fior scamn asymimetry el seunding chiannels,

Sl-traceable satellite underflights by’ aircralt radiometers such as S-HIS; NASH and NASHEV

State-of-the-science radiative transfer models to resolve spectral induced biases, and perfornm
regular validations at selected sites, such as the ARM sites.

Geographic feature analysis oif geolocation accuracy/
Cal/\Val web interface accessible by data users.

Documents product specifications and quality assessment methods from
design phase to end of life.

Improvement of institutional memory.



GCC Goals

Expand the storage and dissemination of GSICS data and
iInformation.

Components include
Membership-limited Access;
Fully-interactive group seminar, private discussion, and bulletin
board facilities;
Collaborative work area to create and edit documents,
software, and project plans;
Data archive portal;
Program archive of official documents, presentations, meeting
minutes, and newsletters;
List of program-relevant journal articles and web links; and
E-mail addresses and paging facilities to contact other
members.

See and http://scilands.wordpress.com/


http://www.decvar.org/

Significant GEC pregress: atthlited terall grenps:

NOAA contrblting key: LECZICE@rcalllvration
capanility

GSICS partners collaberating ter achieve
optimal GEOZLLE®’ calilbration

GSICS partners expanding competencies in
regard te Sl —traceability and leng=term
Instrument Mmonitering

GCC publishing Infermative GSICS @Uarterly

GCC expanding inter-calibration: resultsrana
Infermation on the GSICS web site
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