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Passive Remote Sensing: Reception of emitted, reflected or scattered EMR at
the satellite sensor, after it travels from the ocean through the atmosphere:
used with visible, IR and microwave wavelengths/frequencies.

Active Remote Sensing: Reception of the reflection of a transmitted pulse of
EMR, after interacting with the surface of the ocean and travelling through the
atmosphere (twice): used with microwave frequencies (except lidars).




Polar Orbiting Environmental Satellites (POES) ~800 KM

Sun-synchronous orbit QN -
.

e

Geosynchronous orbit

Low-inclination orbit

Fig. 1.3. Examples of the sun-synchronous, geosynchronous and low inclination orbits, where

‘Eq’ 1s the equator (Adapted from Asrar and Dozier, 1994, Figure 3).
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What Do We “Sense”?
EMR = Electromagnetic Radiation

All “things” emit EMR, with characteristics determined by
their:

* temperature (Planck’s function)

» emissivity (a function of wind speed, temperature, salinity,
etc.)
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Black Body Radiation
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Inverting the Planck Blackbody Function (including emissivity):

If we measure the water leaving spectral radiance just above the water surface,
we can find the temperature from a single wavelength by inverting Planck’s
equation. We include the emissivity, €*, although it is approximately 1 (~0.98)
for water.

- = iy
I PN W
- '/\ -~

When we measure L* at the satellite, we set £*=1 and call Ty the “brightness
temperature”, the temperature that exactly corresponds to that amount of
radiation from a perfect black body. If there were a vacuum between the surface
of the water and the satellite and if we included the correct emissivity, the
corrected (for emissivity) brightness temperature would be equal to the surface
temperature. Because the components of the atmosphere absorb, emit and
(possibly) scatter IR radiation, we must correct the brightness temperature for
atmospheric effects to estimate SST.



What Gets Through The Clear Atmosphere?
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Martin — EMR Uses
3km |:| AM
(1 kHz) 106 300 m

30 m
Radio, TV

3m FM. TV,
Cell phones

(1GHz) 109 —4— 30cm |:|

radar communications

Satellite |:| Ground-to-space
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Passive microwave

remote sensing . )
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Fig. 3.2. The electromagnetic spectrum and its uses as a function of frequency and wavelength.

The gray bars show the bands used in satellite remote sensing.




Definitions of Spectral Bands of Electromagnetic Radiation
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General case of passive remote sensing of the ocean.
[}Q—[ |
We measure this \mea sured

emﬁi‘d\
by the

atmesphars

downward
atmespheric,
solar, qalactc
axnd cosmic
emissiens

r‘e{" lected

e m;l'fe&
We want this sE; suf?ace.
Scattered from material'in the ocean

Figure 4.1. A schematic summary of radiative transfer of EMR from the sea surface to a radiometer

onboard a satellite.



SKIN PEPTH (em)

Skin Depth (EMR energy e-folding depth) for Pure Water
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Figure 3.10. The skin depth given by (3.51) for the energy of EMR in pure water at temperature 25°C as
a function of the wavelength of EMR. (After Maul, 1985, p. 106.)



Transmittance — visible, clear atmosphere;
But opaque to clouds.
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Figure 4.13. The transmittance of the atmosphere at 0° incidence angle as a function of wavelength in the

visible band for a very clear atmosphere. (After Stewart, 1985.)



Visible Oceanographic Remote Sensing
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Figure 4.25. A schematic summary of the contributions to the spectral radiance measured by a satellite in

the visible band of the electromagnetic spectrum.



SST and Ocean Color: Higher spatial resolution

critical to monitor complex coastal waters

A A
NMOD e

MO L VIO

1 km | i HE}
cl 1 o e '




IR Oceanographic Remote Sensing D—Oﬂ

k body emission
<l mm

Figure 4.26. A schematic summary of the contributions to the spectral radiance measured by a satellite in

the infrared band of the electromagnetic spectrum.
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Figure 3.10. The skin depth given by (3.51) for the energy of EMR in pure water at temperature 25°C as
a function of the wavelength of EMR. (After Maul, 1985, p. 106.)



Over the upper several meters, Martin’s Figure 7.3 show a range of processes that
act to mix the surface. Without these processes, the temperatures in the “skin”

could be much

cooler or warmer than the temperatures even 1 m below. Early

users of satellite SST had to determine when the skin SST represented the deeper
“mixed-layer” temperatures. In some regions and under some conditions (weak
winds, strong heating), a thin warm layer can hide the underlying SST structure.
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Most of the absorption/re-emission of IR in the atmosphere is caused by a few
gasses that are relatively well mixed, and by water vapor, ozone and aerosols,
that are not well mixed. The well mixed components cause a constant difference
in temperature between the surface and the satellite. The variable components
must be detected and corrected for using multiple wavelengths. The difference
in transmittance due to water vapor is shown in Chelton, Figure 4.14. The
Subarctic Winter atmosphere has the least water vapor and the Tropical has the
most. Differences in sensitivity to water vapor i1s seen for AVHRR channels 3,
4, and 5 (3.55-3.93, 10.3-11.3 and 11.5-12.5 um)
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Transmittance — IR, clear atmospheres (different water vapor).
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Figure 4.14. The transmittance of the atmosphere at 0° incidence angle as a function of wavelength in the

infrared band for a clear atmosphere with three different water vapor concentrations. (After Maul, 1985.)



What can we see without satellites (surface measurements?)
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What can we see without satellites (surface measurements?)
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Reynolds SST
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Transmittance — Microwave, clear atmospheres (different water vapor).
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Figure 4.15. The transmittance of the atmosphere at 0° incidence angle as a function of frequency in the

microwave band for a clear atmosphere with three different water vapor concentrations.
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Microwave Oceanographic Remote Sensing o
Passive Emission >
Lm

Cosmic sources \—-2, // {7\ (L_‘i\} H_g)
A

L

Very low energy (10-14 ti

Figure 4.27. A schematic summary of the contributions to the spectral radiance measured by a satellite in

the microwave band of the electromagnetic spectrum.



2-Day Average Infrared Measurements of SST from the AVHRR

Why Use Microwave?
Clouds!

60N

20N

20s

40 ik,

60S

BDSD 60E 120E 180E 120w 60w 00 10 20 30

2-Day Average Microwave Measurements of SST from the AMSR
(June 24-25, 2003)

BON

TR
e

B0OE 120E 1B0E 120W 80w 00 10 20 30



)
P

26 Oct 98
O

8)
wn

9
3)]
pa

5 Nov
w
n o

9]
=z

15 Nov 98
3
n O

9]
=z

25 Nov 98
3
n o

140E 180E

24 26 28
SST (°C)

20E



Gulf Stream (North Atlantic Ocean)
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Why not use Microwave?
Resolution and Land Masking

The primary limitations of microwave estimates of SST are:
- the large footprint size of ~60 km, compared with ~1 km for infrared estimates of SST.

- the inability to measure SST closer than about 1.5 footprints from land because of
antenna sidelobe contamination.
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Active Radar — Altimeter: Measures SSH ?what is that?
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Packing Heat in the Gulf =

Tropical cyclone heat potential (TCHP)  08/26/2005 Tropical cyclone heat potential (TCHP)  09/22/2005
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Tropical Cyclone Heat Potential (TCHP) fields are derived from altimetry data for hurricanes Katrina (left) and Rita
(right) in 2005. The path of each hurricane is indicated with circles, their size and color representing intensity (see
legend), as the storms made their way across the Gulf of Mexico. Both hurricanes rapidly intensified to category 5
as they passed over the Loop Current and a warm ring, then diminished to category 4 and category 3,
respectively, by the time they traveled over cooler waters outside the warm ring. NOAA’s Atlantic Oceanographic
and Meteorological Laboratory uses blended satellite altimetry data, including those from NASA's
TOPEX/Poseidon and Jason-1 missions, to estimate TCHP (a measure of the oceanic heat content from the sea
surface to the depth of the 26°C isotherm) in the Gulf of Mexico in near-real time. High values of TCHP may be
linked to hurricane intensification. These fields are critical to scientists and forecasters in better understanding
the link between the ocean and the intensification of hurricanes. See
http://www.aoml.noaa.qgov/phod/cyclone/data/ for more information.




Altimeter Estimates of Global Sea Level Rise
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Radar Scatterometry

Backscatter
(and Emission)

f

Roughness

Figure courtesy of M. Freilich



Resonant Bragg Scattering from Wavelengths
Approximately Equal to that of the Radar Signal
(~2 cm for a scatterometer frequency of 13.5 GHz)

Centimetric Roughness: Gravity-Capillary Waves

Figure 11. Bragg scattering: A plan-parallel radar beam with wavelength 4
hits the rough ocean surface at incidence angle 6, where capillary gravity

Figure courtesy of M. Freilich
waves with Bragg wavelength As will cause microwave resonance.

Figure courtesy of A. Stoffelen



Hurricane Dora

QuikSCAT -- 10 August 1999

Global backscatter and ocean vector winds

< 11 hour coverage

. Freilich COAS/OSU
.Jones UCF

©
W
~
©
=

=
W
T
=
— I



Latitude

Wind Shadows Behind South Georgia Island

NSCAT Example
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Figures courtesy of M. Freilich



January 2000 Average Winds and SST

25N

/

”.// ’l

L R
& S R

J P
o w -"////

15N |- /.,—:7:/”

//”/

10N

5N

* a L -

.}"b—-—
< ///
/

0
105w 95w 85W

75W



High Resolution
QuikSCAT Coastal Winds

» First slide shows “standard” QuikSCAT
microwave scatterometer wind vectors (red)

— Resolution 1s 25km
— Land mask is ~35km, fixed

* Second slide shows new high resolution
QuikSCAT coastal wind vectors (blue)

— Resolution 1s 12.5km
— Land mask 1s between 1km and 10km, variable
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Summary

 Although only a few oceanographic parameters can be
observed from satellites, they include the primary forcing by
wind stress, the basic circulation (geostrophic and Ekman
surface transports), the response of SST (involving mixed
layer depth) and lower trophic levels 1n the marine ecosystem
(phytoplankton).

* We are at the beginning of a period of comprehensive
global and coastal ocean observations and modeling, moving
oceanography 1nto a new, operational phase, complementing
the present meteorological operational systems.

» Remote sensing will form an important component of the
ocean observing systems, along‘with new in situ tools.
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