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Calibration Validation Paradigm
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On Orbit Atmospheric Sea Surface In Situ
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SeaWiF'S Bio-optical data Archive & Storage System
(SeaBASS)

SeaBASS data points as of November 2003




7 SeaWiFS & SIMBIOS Calibration Round Robins

Goals

(RR experiments in 1992, 1993, 1996, 1998, 1999, 2001, & 2002)

Verify that all labs are on the same
radiometric scale

Document calibration protocols

Encourage the use of standardized
calibration protocols

Identify where the protocols need
to be improved

Radiance Calibrations
(spheres & plaques)

SeaWiFS Transfer Radiometer
(SXR-1 & -2)
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Ocean Color 865 nm Band:
No Vicarious Calibration



e Sensor Attributes

Rotating telescope

412, 443, 490, 510, 555, 670,

765, 865 nm bands

12 bit digitization truncated
to 10 bits on spacecraft

4 focal planes, 4
detectors/band, 4 gain
settings, bilinear gain
configuration
Polarization scrambler:
sensitivity at 0.25% level

Solar diffuser (daily
observations

Monthly lunar views at 7°
phase angle via pitch

e Mission Status

All spacecraft subsystems
healthy (power, telemetry,
navigation, etc.)

Primary source of MODIS
validation data

NASA data buy contract
ends in December

e |-yr mission extensions
in December 2002 &
2003

HQ willing to contribute to
new data buy, but not be the
lead



SeaWiFS Calibration Strategy

Independent on-orbit calibration test
after operations began in 1997

Solar Calibration lor
a Transfer-to-Orbit
Comparison

Preflight Instrument
Calibration and
Characterization
(1993-1994)

!

Preflight Instrument
Calibration
Recertification (1997)

Onboard
Calibrations

(time dependency
corrections)

Lunar
Calibrations
(monthly)

v

WVicarious
Calibration and

Complete sensor calibration
and characterization by Santa
Barbara Research Center prior

to delivery of sensor to OSC

Recalibration by NIST at OSC
Just before launch

SeaWilks Launch

Commumity-wide activities to
ensure consistent data from
VaTIOUS SOUTCes

Calibration
RR and
Protocols
Development

Time-series

Product Validation

v

Evaluations

Solar
Calhibrations
(daily)

MOBY
Calibrations
(bands 1-6)

In Siru
Bio-optical and
Atmospheric
Data Comparisons

Global 8-day
Clear Water
Analysis




SeaWiF'S Lunar Calibration Stability Tracking

SeaWiFS Lunar Calibrations
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Lunar calibration: Monthly views of the moon at ~ 7° phase angle.
Gradual monotonic degradation primarily in NIR bands.
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SeaWiFS Data Quality:
Global Consistency & In Situ Verification

Field Validation

SeaWiFs
SeaWiFs

Band &

01997 1988 1989 2000 | 7001 2002 2005
Jan har hay Jul Sep Moy
Manth of Year

Temporal Consistency

SEAWIFS 555 WM CLIMATOLOGICAL CLEAR-WATER NLU

SeaWiFS
.
SeaWiFS

BRDF effects?
esidual sun glint?

SeaWiFs
SeaWiFS

Spatial Consistency



SeaWiFS Repro4: OC4 Chlorophyll
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MODIS/Aqua
(July 2002-present)

MODIS/Terra OC processing
discontinued in Jan. 2004 because of

sensor system instabilities. Present
focus 1s on MODIS/Aqua.




MODIS OC Calibration

Prelaunch Calibration & Characterization:
(Santa Barbara Research Center)

l

A 4

On-Orbit Solar & Lunar Calibration
(MODIS Characterization Support Team)

l

Prelaunch data reviewed by
MCST, OCDP, & MODIS Ocean Team
members

Time-dependent gain factors.

MOBY-based Vicarious Calibration Adjustment
(D. Clark and OCDP Group)

One set of vicarious gains
for entire MODIS/Aqua data
record.

l

In-situ/Satellite Match-up Comparisons
(OCDP Group)

l

In Situ Data Collection
(MODIS Ocean Team)

SeaWiFS-MODIS Regional & Global Comparisons
(OCDP Group)




MODIS Agua
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MODIS Aqua

MODIS Aqua

MODIS Aqua

In Situ Match-up Results:

Current Operational MODIS
(Aqua) Processing

chlorophvll

MODIS Aqua
AR
|

]-D-z 1 1 1 IIIIII 1 11 IIIIII 1 1 IIIIIII 1 1 1 1111l
102 10 10° 10t 102
In Situ




MODIS/Aqua-SeaWikES Global Lwn’s

Global averages very consistent.
Differences within +5%.

Slight temporal trend evident, but
much reduced with new solar diffuser
corrections.
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MODIS(Aqua)/SeaWiFS Lwn Ratios (N. Pacific):

Most recent comparison
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SeaWiFS/MODIS Seasonal Meridional Lwn Trends

MODISASERWIFS MLW RATIO FOR JUNE 003
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SeaWiFS/MODIS Seasonal Meridional Lwn Trends
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* Sensor Design
SeaWiFS-like rotating telescope
MODIS-like focal plane arrays
No polarization scrambler

Solar diffuser with stability monitor
7 OC bands (412, 445, 488, 555, 672, 746, 865 nm)

« Sensor Status

Focal planes recently redesigned due to electronic crosstalk
Flight Unit weeks behind schedule

» Mission Status
4 instruments: VIIRS, CrIS, ATMS, OMPS
Launch scheduled for late 2006

* Ocean Color Concerns
Solar diffuser Earth shine contamination
Limited lunar calibration
Incomplete prelaunch sensor calibration & characterization
Post-launch sensor diagnostic capability



VIIRS On-orbit Calibration Issues: Solar Diffuser

The geometry of the SD, and the timing of the calibrations (close to the polar crossing), can result in sunlight
reflecting off the Earth and onto the diffuser. The reflection occurs at high angles of incidence and in regions

with high albedo (ice or open water).

e This effect has been confirmed for MODIS by both geometric modeling and actual data analysis (R. Wolfe).

Direct Light - full illumination

Earth Shine (reflected light)
- partial illumination
- atmospheric attenuation
- clouds and shadows
- varying sun glint
- varying albedo
- complicated BRDF



VIIRS On-orbit Calibration Issues: Lunar Calibration

. \
VIIRS Space View Port Pitch P

Aperture ~ 0.85°

Recommendation: Optimize lunar calibrations by rolling the spacecraft
to collect data at constant 55° phase angle.



VIIRS OC Recommendations: August

Update:
Optical prescriptions available

Earth shine issue being pursued at IPO
New focal planes not installed on EDU







Ocean Biology Processing System

Present Putare

EOS, other
Data Set Category: Historical ( ) (NPP)

Funding Source (REASON-CAN)

Se MODIS?
Reconfigurable & Scalable @ I a\
Flexible

Science .
Processing MAIN PROCESSING SYSTEM L1 DATA

Community Multivle Missi
o Multiple Missions .
Interactive « Rapid Reprocessing o Data from multiple satellite and instrument types

* Parallel Processing o In-situ, ancillary, and other data
* Knowledgeable Staff Streams (operational,
 Enabling Activities algorithm & cali-
(SeaBASS, SeaDAS, ration testing, eval- L1-L3 DATA
Calibration RR, efc.) uation products)

NPP

[Aawa | Vis
M

ODIS

OBPG Management & Staff

Community Agreed
Standards and Protocols

NASA HQ
Program
Management

NASA
Flight Projects

Science
Communit

* MODIS Characterization Support Team (NASA/GSFC)
# Terra MODIS OC processing suspended in Jan. 2004



Jcesa plor Data Proce 8 OF: al, & Algc Developme
Algorithm Sensor Calibration & Data Processing Distribution & Qutreach
Development & Field Product Validation
Data Collection . . . «I/F with IPO & NOAA +Real-time ground
. *VF with fission operations * I/F with NPP/CDMS station support
 Algorithms , ) - Cal. strategll es, schedules, e Maintenance and infrastructure * Data archive &
- Atmqsphenc correction and oper.atlons plans improvements within GSFC distribution
_ Quahty ‘masks & flags ) Rou.n.d robins * Climate data processing * Community processing
- Bio-optical - Visible _ Continuity data sets & data S/W (SeaDAS)
- Sea surface temperature - Thermal IR

- Data merger (time/space)
* Bio-optical & atmos. field
data collection
* Science leadership/coord
* New product specification
- Definition/Development
- Resource/Performance
Evaluation
- Selection

* Vicarious calibration
- Data: MOBY, AERONET, ship
- Data Analysis
* Protocol development for
measurement and analysis
- SST, OC, Atm. Corr.
* Instrument technology evaluation
* I/F with sensor/satellite mission
calibration and characterization
activities/groups (e.g., NCST)
¢ Q/C & archive in-situ data
(product validation & algo. dev.)
* Product validation
- Discipline Processing Group
- Science Team

merger (historical/existing)
- VIIRS
Simulated data develop.
End-to-end testing
* Data storage
- RDRs, Level-1, EDRs
- Ocean & ancillary data
* Algorithm testing &
implementation (inc. new
products)
* Quality control/assurance
- Continuity data sets
- VIIRS

* Data Synthesis
* Science campaign support
- Autonomous support
- User services
- Interface and data
processing capability
- RT data distribution
* Publication support
- Science writer/editor
* Education outreach

Functions supported under NRAs
Discipline processing functions

Functions assumed by a NASA flight project, HQ, or another agency (NOAA)




