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Water-leaving Spectral Radiance Distributions
“Ocean Color”
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OceanColor Variability is Dominated by the Suspended and Dissolved M atter of Biogenic Origin.




Empirical Pigment Product - Ratio Uncertainty
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Water-leaving Radiance Retrieval Uncertainty

SeaWiIFS - NIST Calibration 4% MODK5%
Assume Atmospheric Correction is Perfect

B Li- Hawaii
& Li- Gulf of California
A nhy - Hawail
# nbkv - Gulf of California

g

B nbv - 5% Lt uncertainty

gt

rIy

[—]
|

& nbky - 5% Liuncertainty

=h
[—]

I
—
—

nLw Uncertainty (%)
H
=

o
Ey
[—]

40

.
£
3
k
d
8
o
=)
=
=

[
—
| 1

Al ] o l=
& - b &
L

L ilm |

S50 600 650 70D 450 S00 550 600 650 TOO
Wavelength (nm) Wavelengih (nm)




Vicarious Calibration Required
for Ocean Color Science

L aboratory and On-board Sensor Calibrations
Cannot Meet the Accuracy Reguirements
for this Science Application.

A Minimum of an Order of Magnitude
| mprovement in Calibration Accuracy is Required.




MOBY Mooring Site

MOBY & Lanai Mooring

CIMEL Site

Molokai " Mooring

MOBY
Operation Site

Lanai

MOBY Site ® 10 m 1/2" Chain

CIMEL Site 5m 3/4" Chain
Posti

Flounder Plate 100 m 1.5" MFP Rope

Hawaii 15 m 1/2" Chain

500 m 5/16" Rope

Hawaiian Islands

300 m 5/16" Rope

Wire to NYLON Wrapped
Termination

400 m 3/4" NYLON

—932m
223 m 3/4" NYLON

962 m —

377 m 3/4" POLYPRO T 1072m
Splice

1148 m

(20)17" Glass Balls

1 m 1/2" Chain

8202 Release

5 m 1/2" Chain
20m 1" NYLON

i 5m 1/2" Chain
4000# Weight Anchor Depth 1200 m




Operations Site - Univ. Hawalill

-

Pier Side - 30,000 sq. ft
Portable vans/tent

offices, shops, storage, labs (calibration, optics
assembly, filtration)

Shipboard Vans

3 labs - (wet, optics, data acquisition) power,
storage, & office

Pier side Support - cranes, machine shop.
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MOBY Optical System

Marine Optical System - Dual Spectrographs

Incandescent
Lamp
) ) Reference
Calibration Sources
Djar_k Red
Position LED

Mirror
(Four Position)

Cosine

. Collector
Depolarizer

Dichroic
Water Mirror

Imaging
Imaging : Spectrograph
Spectrograph Shutter Lolr:li%t]e?rass 550-955 nm
340-640 nm

Holographic
Grating

Shutter

Holographic
Grating
TE Cooler
512 *512
CCD
Detector

TE Cooler // 5 1(2:(’;312
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OBY Spectral Radiances

MODIS Marine Optical Buoy NOAA/MLML

MOBY2 DEPLOYMENT: 13 CONFIG: 01 POSITION: 20° 49.57' N 157°11.74' W
STATION: Lanai Mooring DATE: 21:05 (GMT) 24 Jun 2000
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MOBY Attenuation Coefficients
& Water-leavings Radiances

MODIS Marine Optical Buoy NOAA/MLML

MOBY2 DEPLOYMENT: 13 CONFIG: 01 TM 1tc5 m —— POSITION: 20° 49.57' N 157° 11.74' W
TB 1109 m ——

STATION: Lanai Mooring MB 5169 m

DATE: 21:05 (GMT) 24 Jun 2000
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Spectral Band Pass Matching

High Resolution Spectra Convolved to Sensor’s Spectral Band P
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MOBY/MOCE Activities 1997-2002
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Pre-Deployment

NIST
Traceable
Standards

Calibration
Scans and
Processing

Pre-System
Response

Real Time
Processing

Evaluate
Coincident
MOBY Obs.

MOBY Calibration Process

During Deployment

Diver
Reference
Lamps

Calibration
Scans and
Processing

Evaluate
System
Response

Evaluate
Internal
References

Evaluate
Coincident
Ship Obs.

MOBY CALIBRATION

Post-Deployment

NIST
Traceable
Standards

Calibration
Scans and
Processing

Pre-System
Response

Re-Evaluate
System
Response
History

Final System

Response

NIST Collaborations
Training
NIST Primary Lamb Standards
Annual On Site Calibration Systems Check

Pre/Post Cal. System monitoring with NI ST
Cal. Radiometers

SIRCUS - Stray Light Characterizations on
MOBY and Shipboard Spectrometers

MOCE Calibration Systems (OL 420 &
OL425) now Calibrated at NIST

I nitiating the development of new
Radiometric Calibration Sour ces for
Oceans




Blue Spectrograph
2.5years
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Spectral Calibration QC-Solar

Fraunhofer Lines @ 15 °C and 76 cm pressure
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Internal Reference Lamps - Stability QC

MODIS-1 Total-Band MOBY Internal Calibration Lamp/LED Variability

411.8 nm
205 | 206 | 207 | 208|200 @ 210 | 21 212 1213 442 1 nm
2 }
486.9 nm
529.7 nm
546.8 nm
665.6 nm
676.7 nm

w

-
O

o

1
-
o

Both + - 0.5%

Incandesent Lamp (% diff)
& _

® 411.8nnm
4421 nm
486.9 nm
529.7 nm

w

-
[$)]

Blue <0.5%

1
-
o

£
S
)
o 0
L
4
o
=
m

1
w

® 676.7nm
® 746.4nm
® 3866.2 nm

Red < 0.5%

w

-
o

1
-
o

2000

Red LED (% diff)
()

1
w

| | | | | |
Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan
Sequential Day




Diver Reference Lamp - Pre/Post Cleaning QC

®  Pre-Cleaning Measurement
O  Post-Cleaning Measurement
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Stray Light & MOBY

Traveling SIRCUS Response found at

many wavelengths

Uniform sphere

@]

Standard
Tunable laser Jetector

Relative Response

1 ]
— Uncor
— Corrected

Column

Lu Top (uW/cm?2/sr/nm)

Corrected Lu’s
-increase in UV
-better agreement in overlap region
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MOBY Stray Light Corrected Time-Series -
SeaWIFS Bands
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SeaWIFS Stray Light Time Series Corrections
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Terra Mirror Side 1 to Mirror Side 2 Ratio
Cross-scan vs Time Gain Change (Percent Error)

Correction reduces mirror and
detector effects by a factor of 5

412 nm uncorrected 412 nm corrected

mirror—side—nLw412 : Cross—scan Granule-Averaged (20002001, all hawaii granules) mirror-side—nLw412 : Cross—scan Granule—Averaged (2000-2001, all hawaii granules)

1993)

MODIS day (days since Jan 1
MODIS day (days since Jan 1
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nLw443 Modal & Match up -
MODIS- MOBY Time Series

Match up Statistics- MODIS - MOBY
residuals by wavelength, final bias
adjustment in progress for Version 4 L1k

756 Bo6 366 400 266866 506 7560
Aavs Af vaar 2NNN
MOdaI nLw 443 mode time series (0=MODIS, x=MOBY)

Wave-

nLw443 length Bias Std. Bias Std.
= Dev. Dev.

412 | 0.915 | 0.115 | 0.974 | 0.199
T —— 443 | 0.922 | 0.069 | 0.956 | 0.129

NnLw 443 : Bias = 7.8% RMS = 6.9%

488 0.948 | 0.051 | 0.973 | 0.092

SRR Ti8: \Ik PN M | 531 | 0.927 | 0.103 | 1.033 | 0.093
W R \"{,/’\"I,
AR Bl| 551 | 0.921 | 0.105 | 1.023 | 0.101

300 400 500 600 700 800 900 1000

nw 443 - Bias = 4 av AMS = 12.9% B  TopLeft - Modal Plots of
andMOBY L, vstime used to
compute time corrections

Bottom L eft - MODIS/MOBY point
: ) matchups, used to compute bias
900 920 sdag)(/) of )?eeaor 20%&30 1000 1020 Correctio nS
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Merged Aqua, Terra Chlor MODIS
Global Chlorophyll
Sept 29, 2002




Radiance distribution vs. azimuth and solar

zenith angles (Ken Voss)
Scan line geometry, variation with Latitude, 0° to 80°N

Black intrusions mark orientation of Sun. Black line represents orbit track

Satellite scan changes from near parallel Satellite scan perpendicular to orbit track
to perpendicular along orbit track




Terra -MODIS Scan Angle Relative To Nadir
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MODIS, 440 nm
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MOBY/MOCE
Five Year + Time-Series
7/20/97 to Present

 NIST Radiometric Scale & Overview
 NIST Stray Light Characterizations
« Sensor Spectral Band Matching

e Ocean Color Serg;ors’Supported
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Primary Reference Standard for Climate

Quality Ocean Color Time-Series





