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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).



Martin

Polar Orbiting Environmental Satellites (POES) ~800 KM

Geostationary  Environmental Satellites (GOES)     
~40,000 KM



What Do We “Sense”?



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.)



Black Body Radiation



Black Body Radiation



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, ελ, although it is approximately 1 (~0.98) 
for water.

When we measure Lλ at the satellite, we set ελ =1 and call TB 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?

Top of Atmosphere

Earth’s Surface (clear atmoshpere) 



Martin – EMR Uses





Sun

cloud

Scattered from material in the ocean

General case of passive remote sensing of the ocean.

Emitted

We measure this

We want this



1 mm

10 m

10 cm

Skin Depth (EMR energy e-folding depth) for Pure Water



Transmittance – visible, clear atmosphere;
But opaque to clouds.



1-50 m

Visible Oceanographic Remote Sensing

Interaction with colored material

The Problem

The Signal



MODIS
1 km
water 
clarity

Modeled 
HES-CW 
(250 m) 

SST and Ocean Color: Higher spatial resolution 
critical to monitor complex coastal waters



<1 mm

IR Oceanographic Remote Sensing

Nearly black body emission
The Signal

The Problem



1 mm

10 m

10 cm

Skin Depth (EMR energy e-folding depth) for Pure Water



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.



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 is seen for AVHRR channels 3, 
4, and 5 (3.55-3.93, 10.3-11.3 and 11.5-12.5 μm)



Transmittance – IR, clear atmospheres (different water vapor).



What can we see without satellites (surface measurements?)
Surface Met Buoys

Surface Met and Subsurface Water Property Moorings



What can we see without satellites (surface measurements?)

Merchant 
ship surface 
measurents
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Chlorophyll-aSST Depth













Transmittance – Microwave, clear atmospheres (different water vapor).



Planck’s Function in log-log plot for Spectral Radiance as a function of Wavelength

1.0 μ 10.0 μ 1 mm 1 cm 10 cm

1 cm

1 GHz10 GHz



<10 cm

Microwave Oceanographic Remote Sensing
Passive Emission

Cosmic sources

Very low energy (10-14 times IR), grey body emission



Why Use Microwave?

Clouds!





IR

μW



Why not use Microwave?
Resolution and Land Masking



Active Radar – Altimeter: Measures SSH ?what is that?

=SSHd

SSH=



AVISO SLA (contours) over 9-day SeaWiFS Chl



D. Chelton, M. Schlax, R. Samelson and R. deSzoeke
Eddy Paths
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AVISO +TG (Cosine Interpolation)
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AVISO +TG (Cosine Interpolation)

126oW  125oW  124oW
40oN

41oN

42oN

43oN

44oN

45oN

20 cm/s

Nov  6 2002

  
-20

-10

0

10

20

  
-20

-10

0

10

20

cm



AVISO Only

     
 

 

 

 

 

 
AVISO Only

126oW  125oW  124oW
40oN

41oN

42oN

43oN

44oN

45oN

20 cm/s

AVISO Only

     
 

 

 

 

 

 
AVISO Only

126oW  125oW  124oW
40oN

41oN

42oN

43oN

44oN

45oN

20 cm/s

AVISO +TG (Triangulation)

     
 

 

 

 

 

 
AVISO +TG (Triangulation)

126oW  125oW  124oW
40oN

41oN

42oN

43oN

44oN

45oN

20 cm/s

AVISO +TG (Triangulation)

     
 

 

 

 

 

 
AVISO +TG (Triangulation)

126oW  125oW  124oW
40oN

41oN

42oN

43oN

44oN

45oN

20 cm/s

AVISO +TG (Cosine Interpolation)
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High Resolution
QuikSCAT Coastal Winds

• First slide shows “standard” QuikSCAT
microwave scatterometer wind vectors (red)
– Resolution is 25km
– Land mask is ~35km, fixed

• Second slide shows new high resolution 
QuikSCAT coastal wind vectors (blue)
– Resolution is 12.5km
– Land mask is between 1km and 10km, variable



25 April 2001



25 April 2001



David Long 



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 in the marine ecosystem 
(phytoplankton).

• We are at the beginning of a period of comprehensive 
global and coastal ocean observations and modeling, moving 
oceanography into 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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