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GSICS Introduction

Global Space Based Inter-calibration System (GSICS) is an international collaborative effort initiated in
2005 by WMO and the CGMS to monitor, improve and harmonize the quality of observations from
operational weather and environmental satellites of the Global Observing System (GOS)

Intended Goals

Inter- comparisons with reference

instrument should aid in re-calibrating
uv R monitored instrument -> reveal trends,
JLLIES ) temporal and temperature dependent

L1840 4104 -1

biases.

EOSTATIONARY ORBIT
MODIS CrlIs

Big Questions

How trustworthy are existing GSICS
references (e.g., IASI-A AIRS)?

How do we pick references for other
wavelength intervals?

Daily inter- comparison of GEO with IASI and AIRS
reveal diurnal bias in the GEO (Yu et al 2013)
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http://wmo.int/
http://cgms.wmo.int/

Selecting in-orbit references-The Overarching GSICS Process

et

o v

The instrument and channels an agency wishes to monitor

Purpose of inter- comparison (routine monitoring, diurnal bias, re-calibration, produce CDRs)
The method/s they would employ to monitor

(e.g. single or blended references, use transfer target, stability criterion)

May consider scoring proposed by EUMETSAT and Reference Expectations gathered by the GSICS
Survey

Demonstrated use of the instrument by member agencies and users for instrument monitoring
Comparison of Instrument design specification (Pre-launch testing) with In-orbit behavior

May consider if in-orbit status of key parameters of Candidate Ref instrument are monitored and
available to users (such as ICVS)

Need to have information (e.g., global coverage, Equator crossing time, spectral response, etc.)
related to the instrument available (say at WMO OSCAR or GPRCs)

Process accepted by GSICS consortium

an31C8
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IR- Reference
How good are GSICS IR References

e Inter-compare Candidate reference with instruments/records of better stated accuracy and evaluate ...
e Scan Angle Bias
e Temperature Dependent Bias
e Longterm trends
e Arrive at a set of recommendations when the instruments are most trustworthy as a reference.

IASI-A * ATSR -2
AIRS** AATSR

Radiometric Accuracy
*~petter than 0.5 K ( lllingworth et al 2009, ACP) Designed for Climate applications

**~ hatter than 0.2 K (Chahine et al 2011, BAMS) Expected ~better than 0.1K and stability be -
Matrix accepted and used by FIDUCEO

Full matrix applied

on IASI and only part

applied for AIRS




How good are IASI-A and AIRS

Method- GSICS Style SNO Method

o0
=}
S~
-
-
o
2 |«
I~ = |-
3l E3
© — 318 X e,
v v v |© =)
~ ~
@
<
‘s ‘S ‘e <
=
c c © S
S |8 o 3
— %] e
& 9|®E 3|8 c 3 =
S XIS x| € 5 £ ., X
valeg|e g L2 <
o 5|0 = v 8 @
slez|d|s |B2E |s¢
wtrt" [N .mop .mn
S Ss 2|0 |»n c O [
° 3|t E [ TR 4 =
2 O|l2 E|lo |o 832 N o
c S| S5|E | E 5 X a =
= Ol O |.= - v = O o= Q
?»w OUlvwalkF |- a ag w T I wn
(= (=]
N (1)
4 ~
’, < Q
’ X ~N
RO ~
/s
\\\\\\\\\\
e,
ARG
R ARG
20277770720
7?7 72,7,7,77.,7
/. 7 7 “\“\\\\\\\\\\\\ws s
1,2 ’
RAGOOAAAG 22 20
4
re "
/]
RS, S
s ,?,7 5)) <
250505052 /1 , n 0
“\“\\\\\‘ [+, ~N )
s e X N
\“\“\“\ \\ \\ y \\\\ ’, M; ..—m
2 0 ] 2,
PRI v 270 ~
1 s s
20/, SO AP
etz OASS
LAV R4 \\\\‘
55750, Ve
21 e
ALK
e,
s
RO ~ M
s -
\\\\\ o m
b/, N N
‘\ (=] M
s |§
~ o
™ |
1
N
S S
(<Y (=]
N N
s | &
S |4
~ ~
<
I )
) &
5
© >
>
& o
<
M ~
<

(7]
c
9
fd
©
(8]
S
°
O
o)
2
w
2
>
fd
(%]
(%]
O
(7]
G

]
]
L d
©
S
]
c
o
)
)
S
o
3




Inter- Comparison Results
Scan Angle

IASI Scan Angle Vs AATSR - IASI Bias

0.4 T T T e T
- I I | | | | | | Scan angle dependence of the AATSR-IASI bias for
02— cold (200-220 K) and SST (265— 300 K) temperature
N R R e ranges. Neither AATSR nor IASI show any scan angle
2 - dependence in the —20 to +20- scan angle range.
e ptitncieman R
4 ——[200 - 220] K .
- ——[265 - 300] K 7
Rt = T T Temperature dependence of AATSR-IASI-A (in grey)
0 S scan angle @) 50 bias over the period of 39 months.
11 Micron [AATSR - IASI] Nadir View
B . L Blue curve is also the same temperature dependence
E  msa— o.o7ak  Pre Launch (Smith -ot.al(2012)) with an offset of 0.11 K (i.e. post launch) subtracted
o1 BT SoMTEomer . = from it. This blue curve is similar to pre-launch
= B 3 (Smith et al., 2012) characteristics of AATSR to within
g 1l bbbl w hundredth of Kelvin.
= E
-0.1 = —
- e IASI-A is nearly as good a pre-launch reference with
B do an offset of 0.11K. Radiometric performance better

Scene Temperature (K) than specs and previously thought.




Inter- Comparison Results
Temperature AIRS Vs ATSR-2

11 Micron [ATSR2 - AIRS
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Pre-launch ATSR-2 and post launch inter- comparison with AIRS match to within a 100t of K




Inter- Comparison Results
Temperature AIRS Vs ATSR-2

12 Micron [ATSR2 - AIRS]
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0.00

ATSR2 - AIRS(K)
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Pre-launch ATSR-2 and post launch inter- comparison with AIRS match to within a 100t of K . . c '
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Lessons learnt from IR-Calibration

* Reference instruments are not carved in stone-> Can develop anomalies
during their life times ( Spectral Anomalies have been detected in IASI-A
and IASI-B and differences between IASI-A and IASI-B exist .

e Community need multiple references that can reveal full scale of bias at
different times and locations -> Challenge to combine references.

* Long time series of reference records is required for re-calibration.

Reference Records

Highly stable radiances made by combining references that span large wavelengths , span wide scan angles and time




@ NOAA Satellites and Information N\ >

National Environmental Satellite, Data, and Information Service

MW References
AMSU-A FCDR as a Reference for Cross-Calibration

IMICA Intor—Calibrated AMSU—A Lovel—1C Brightness Temperature
NOM-15 & NOM~18  Ohannel-7 (07/ o1/ moa) e

*« AMSU-A onboard six POES satellites were inter-calibrated using
Integrated Microwave Inter-Calibration Approach (IMICA)

« 5 calibration errors were removed/minimized: nonlinearity, bias
drift, frequency shift, sun-heating induced temperature variability in

LOCAL ASCENDING NODE TIME
a a 3 = @ ¥ % ¥ B

Y

radiances;
« Inter-satellite Biases were reduced to 0.1-0.2K
*19 years of swath data

« Dataset available from NCEI CDR website

Satellites with MSU or AMSU NoANT
Local Time of Observation (Asc. Node) Metop

Aqlll NOAA-19

NOAAG NOAAS  NOAA-10 nom—m
—

NOAA-11
NOAA-T NOAA-D
nmsy‘\

13
79 B0 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 O7 08 09 10 11 12 13 14 15

YEAR

200 o 219 ) 237 41 209 219 228 r
MNOAA1S Th (K] NOAAIE Th (K]

AMSU-A brightness temperature s for overlapping NOAA-15 and
NOAA-18. Their differences for randomly selected region
(e.g., within the dashed square ) are within 0.1-0.2K.

Series of MSU/AMSU-A provide a long term reference records
spanning over a large range of time and full span of scan

angles.




ATMS - AMSUA FCDR [K]

ATMS - AMSUA FCDR [K]
o &l
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Monitoring ATMS-SDR by SNO inter- comparison with FCDR

ATMS vs. AMSUA-A FCDR 53.595 £ 0.115 GHz Chs
L A A B A B B

ATMS vs. AMSUA-A FCDR 53.595 +0.115 GHz Ch5
LA LA RN RN AN R RN AR

w
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Inter- comparison of ATMS-SDR with

- - £ = FCDR show
- ] g E :
L B < C E
- — 2 °F E *Low scan angle dependence of
B J/—V\V ;»1 %_ _% ATMS-SDR
- . g E 3
L B 2E E *Post launch ATMS-SDR maintains
- ] ‘ | J oossans nearly pre-launch level of accuracy.
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MSU/AMSU-A FCDR arobust GSICS
reference record that can provide
radiances across several equatorial
crossing times and scan angles
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UV Solar References
UV instruments such as OMPS and GOME-2 utilize solar viewing to gather

reference data that is used for in-flight calibration and to create
Radiance/Irradiance ratios to use in product algorithms.

Key monitoring requirements place by the
GSICS ozone community are:

[
[=]

Pre-Flight Laboratory calibration of the
instrument

Performance of (dual) diffusers for Solar
Measurements and on-board sources (Diffuser
and instrument degradation)

Ability to track wavelength scales through
measurement based methods.

Performance Requirements (Are they good
enough?

Comparisons and monitoring by using

Internal consistency

Chasing orbits

Targets (desert, ice, open oceans)
Forward Models with specified ozone
SNO

No-local time difference zonal means
LEO/GEO underflights (new instruments)

Stray light
/ t 2%
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Difference, %

Difference, %

OMPS Nadir Profiler Solar Measurements Model

Two years of
Compared to

:;:,3 Y

U R ']
measurements

their average

Working — Average

250 nm

50

Working—Average—Tre

Wavelength #

10

Wavelength Shift Com

Wavelength shifts track optical
bench annua[ thermal variatiops.

ponent
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Goal of GSICS Solar UV measurement
project.

This project’s goal is to create quantitative
comparisons among the solar spectra measured by
the different instruments.

—2

250 nm

50

Wavelength #

100

Degradation Component

Working —Average —Shift—Mg2

The working diffuser’s exposure is
13 times the reference exposure.

Newest
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fverdge —Shitft—Trend

100
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Patterns are Mg 11 scale factors
and track Solar activity.
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Summary and Conclusions

GSICS goals go beyond to routine daily monitoring-> Root Cause analysis -> Recalibration

* The GSICS community has identified a process for selecting reference instruments / reference
records.

 The lASI-A, CrIS and AIRS have acted a robust references for monitoring GEO instruments
globally.

* These instruments display nearly pre-launch level of performance in space.

 MSU/AMSU-A FCDR records due to their stability and accuracy are extremely useful as in-orbit
references for monitoring MW instruments.

* New Projects for inter-comparing solar measurements and Earth reflectivity measurements
have been initiated in the UV Subgroup. First cuts show promising results.

e . 81CS
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OMPS TC comparisons with modeled Top-of-atmosphere reflectances using

MLS ozone retrievals as truth are quite good

Co-locate MLS temperature and ozone profiles to
OMPS TC measurements

— Reflectivity < 0.10

— -20 < latitude < 20 degrees

— June 2012
Calculate TOA reflectances (radiance / solar flux) from
TC viewing conditions, MLS profiles using radiative
transfer code (TOMRAD)
Compare measured OMPS TC reflectance with
calculated reflectance

— Agreement seen to within 1% for wavelengths > 312 nm
Stray light seen for wavelengths < 312 nm

— Consistent with pre-launch sensor characterization
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Application of IASI-A and AIRS

1.

IASI- A Vs AIRS of -0.042 K (% 0.05 K) and - 0.093K (x 0.05K) for 11 and 12 um for cold .
2.

IASI- A Vs AIRS . For warm (more than 260 K) temperature bias is -0.029K (% 0.01K)
and -0.043K (£ 0.01K) for 11 and 12 um channels.

3. AIRS Vs ATSR-2 -0.015K (£0.001K) in 11 pm and -0.011 (%0.004K) 12 pm channel

IASI-A has a small spectral dependence of bias

W .81C
o
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Conclusions

Stability and accuracy of 1ASI-A has been evaluated using GSICS style inter- comparisons of 1ASI-
A and AATSR spanning 39 Months of data.

Results indicate that IASI-A has performed robust stable measurements during the period of study
and provided pre-launch level of accuracy with an +0.11K offset.

IASI-A has very small scan angle dependence
IASI-A nearly pre-launch level of reference radiances ( +.07K)
IASI-A has a very small spectral dependence.

Overall IASI-A has been an in-orbit excellent reference for GSICS monitoring and can compliment

wosics
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Inter- Comparison Results
Long Term Monitoring

AATSR - IASI (K)

11 Micron [AATSR - IASI] K 12 Micron [AATSR - IASI] K
0.20 7 T T I T 1 T 1 T T T T T | T T T T T T ™ T T 0»4 :'I T rr rr 1117177177 [ T r rrrrrrrr7T ] T 1 1 1 T 11711 ] T 285
0.15 03 = s
0.10 L g =
5 3 025
0.05 — = =
o E_ FT=00siK G 01E-

e FIT=0.078K MEAN TEMP < 230K E S N (. N o =
0.05 — MEAN TEMP > 240K 00 = : - = 061
_0.120§8| L P T T T N T TN SN SN T AN TN TN S SN TR S NN N Y S L g FIT=0.045Kk MEAN TEMP > 240K FIT=0.308K MEAN TEMP < 230K g

2m9 2010 2011 _0 — L1 1 1 1 1 1 1 1 L1 | 1 1 1 1 11 1 | 1 1 1 | 11 1 1 1 11 1 | 1 1 o | 260
Years 5008 2009 2010 2011
Years

Impact pf

Time series of variation of AATSR IASI bias for 11 and 12 um channels in the cold (red) and ENVISAT

warm (green) temperature ranges. The bias at cold temperature in 12 ym is correlated (p=0.78)

Orbital
Changes

with the instrument baseplate temperature (grey curve in the lower plot).

IASI-A measurements maintain stability w.r.t AATSR over 3 yrs of study




ATSR2 - AIRS(K)

12 Micron [ATSR2 - AIRS]

1 1 M|Cr0n [ATSR2 = AIRS] 0.10 T T T l T T T I T T T | T T T
0.10 L e LA E ~ ]
= 7 0.05 — ]
0.05 — — B |
L ] 3 I i
- _| [ I —
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L - P I I T i
0.00 — — 0.00 — — _ —
L _ E — T~ | T L _
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L - < | Slope = 0.00 Intercept= -0.006K

005 — ] -0.05 — —
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%00 220 240 260 280 0.1, oo ey ey

Scene Temperature (K) 00 220 240 260 280
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