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Sherry Palacios, CSU Mc ouskeeper, UC Los Angeles
Anthony Bucholtz, Haf Jonsson, Roy Woods, Greg Cooper, Naval Postgraduate School Twin Otter
And the pilots and staff at NPS, and all the San Jose State and UCSC students!

Introducing Jeremy Kravitz, NASA Postdoc at NASA ARC
NASA Funding:
HOPE 2010, SIF 2013, RSWQ 2013, SIF 2015, AITT 2016

/O Coastal High Acquisition Rate Radiometers for Innovative Environmental Research (C-HARRIER) :
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....What's next!




CHALLENGES AND OPPORTUNITIES
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uents,
gher signal
and targets.

High dynamic range radiometers.

and trace gas plumes from continental sources
complicate the task of atmospheric correction.

This represents <20% of the signal > Flying at lowest safe altitude (~100 ft!
reaching the remote sensing > 2flying radiometers as sun photometers.

/Bs’rrumenf!
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Sun is the light source

Clouds <
Absorb & Scatter .

Aerosols & gases. 3
(more complicated over land) -

A sensor network
approach enables
simultaneous
measurementsin
support of calibration,
validation, and
research exercises for
satellite inland waters
and coastal ocean
(aquatic) color
products.

Sun photometer -
& radiometer
measure sea

Wind affects surface shape

rd

. LIGHT PATH MODIFIERS
:?'.‘; Aerosols
w»  Water droplets
Gases (H20, O3, NO2)
SUBJECTS OF STUDY
Water constituents

##  Benthic habitat
< Water quality

Radiometers for cal/val
of water-leaving radiance

Optics package
measures |OPs

Freefall radiometers
measure in-water
AOPs

Ultimate goal
is to enable orbital
remote sensing

Sun photometer to
characterize atmospheric
vertical structure

Imaging-spectrometer
measures total surface
radjance

LIGHT PATH NOMENCLATURE
==( ) Absorption

- -* Scattering

=== \Water-leaving radiance




\O PORTABLE MICRO RADIOMETERS /

Channel = C-AERO/C-AIR

BIOSPHERICAL INSTRUMENTS mber evetere:

C-AERO Radiance: 320—1,640 nm (shroud
= | improves stray-light characterization for longer
wavelengths)

|
C-AlIR Radiance
c-ar

C-AERO (320-1,640 nm) and C-AIR
Irradiance

19-channel micro radiometers:

1. Cosine collector for measuring
global solar irradiance (E.)

2. Sky radiance (L;) and

3. Total radiance (L)

& C-AIR |

Expansive spectral range:
320-1640 nm and matching satellite
(NASA MODIS) ocean color bands.

Derived water-leaving radiance in
VIS and NIR for satellite match-ups
for algorithm validation or for use in
discrimination of absorbing and
scattering constituents.

Sun Photometer

Radiance & Irradiance 9
Radiometers .

2X Radiance Radiometers M
5

)‘ Biospherical Insiruments Inc.




AIRBORNE SENSOR SUITE
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MONTEREY BAY, CALIFORNIA

Mean MODIS FLH, August — October (Oceanic Period) 2002-2006
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AIRBORNE CAMPAIGN — COAST 2011

Headwall 28 Oct 2011
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Left: Low (100 ft yellow lines) and high-altitude (orange lines) flight lines. Middle: Headwall imaging spectrometer
and C-AIR data alignment. Right: Comparison of C-OPS, HyperPro Il and Headwall data over ared tide.
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COAST 2011 VALIDATION OF AIRBORNE AND SATELLITE DATAG. ;. s@
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AIRBORNE CAI\/IPAIGN OCEANIA & HYSPIRI 2013 ﬂv
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|
eft: High altitude airborne flight (NASA ER-2 at 65,000 ft)) with imaging spectrometer (AVIRIS). Inset: Navy Twin Otter flying at 100 ft
iddle: Airborne Visible Infrared Imaging Spectrometer (AVIRIS) images with Coastal Airborne In-situ Radiometers (C-AIR) lines.

ght: Comparison of C-AIR (airborne, red symbols) in more intense bloom conditions and C-OPS (ship, green symbols) measurementsin a
red-tide in Monterey Bay. There is good agreement for a) the UV and NIR end members, b) the UV “shoulder” for the type of coastal water
d is seen in both spectra, c) the blue “shoulder” for higher productivity coastal waters, d) the expected peak in the green domain, e) the
vation of the red domain, and f) the fluorescence peak.



LIDATION OF AIRBORNE AND SATELLITE DATA -
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A. MODIS AQUA Chl a (250 m resolution) 5 November 2013,

B. Comparisonof C-OPS (in-water) and C-AIR (airborne) within the red tide, and

C. The corresponding C-OPS vs MODIS data processed at 1km resolution. Error bars in Panel C
representthe standard deviation of three consecutive C-OPS profiles.




Spectral Shape
Validation

SPB p=0.992
GB p=0.998
MB p =0.985
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(a) San Francisco Bay Delta

(b) Lake Tahoe
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WHAT'S NEXT: CAL/VAL & RESEARCH




WHAT'S NEXT:

Glider
Wave =

GIi(IerL = ier

- Surface m
Drifter ~
) - Sail
b ‘W‘f‘ Lagrangian Drone
Float

S-MODE Hypothesis: Submesoscale ocean dynamics make important contributions to

vertical exchange in the upper ocean.
/O C-HARRIER returns to SF Bay Delta, Monterey Bay, and Pinto Lake sites for water quality. 15
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