Advanced Very High Resolution Radiometer (AVHRR) and

MODerate resolution Imaging Spectrometer

Emitted vs reflected radiation

The amount of thermal infrared radiation emitted by an object is related to its temperature.

By measuring the amount of radiation given off by the ocean we can calculate its temperature

Provides a measure of “skin” temperature only?  Why?

AVHRR Ocean Applications

Model initialization and validation

Cloud and sea ice distributions

Temporal and spatial SST patterns,- annual cycles

Large-scale flow patterns

Mesoscale feature detection- fronts, eddies, etc.

Current vectors determined by feature tracking

At any one time there are two operational satellites carrying AVHRR sensors, 
One crossing the equator (descending) at 1:40 AM, and (ascending) 1:40 PM and 
One crossing the equator (descending), at 7:30 AM and (ascending) 7:30 PM

Data Formats and Spatial Resolution

AVHRR data are acquired in three formats: 


High Resolution Picture Transmission (HRPT) 


Local Area Coverage (LAC) 


Global Area Coverage (GAC) 

HRPT data are full resolution image data transmitted to a ground station as they are collected. The average instantaneous field-of-view of 1.4 mrad yields a HRPT ground resolution of approximately 1.1 km at the satellite nadir from the nominal orbit altitude of 833 km (517 mi). 

LAC are full resolution data that are recorded on an on board tape for subsequent transmission during a station overpass. The average instantaneous field-of-view of 1.4 mrad yields a LAC ground resolution of approximately 1.1 km at the satellite nadir from the nominal orbit altitude of 833 km (517 mi).  11+ minutes of LAC can be accommodated on a single recorder
GAC data are derived from a sample averaging of the full resolution AVHRR data. Four out of every five samples along the scan line are used to compute one average value and the data from only every third scan line are processed, yielding 1.1 km by 4 km resolution at the sub-point. 115 minutes of GAC imagery can be stored on a recorder, enough to cover an entire 102 minute orbit of data.

** AVHRR is higher up, has a smaller IFOV, and measures radiation with lower energy than SeaWiFS.  How does it compensate for the lower signal strength? (Wider bandwidth)
Spatial Coverage 

Global (pole to pole) on board collection of data from all spectral channels. 
Each pass provides a 2399 km (1491 mi) wide swath. 
The satellite orbits the Earth 14 times each day from 833 km (517 mi) above its surface. 

An ascending node would imply a northbound Equatorial crossing while a descending node would imply a southbound Equatorial crossing. 

Spectral Range 


Wavelength (microns)

Band
Satellites:
Satellites:
IFOV


 #
NOAA-6,8,10
NOAA-7,9,11,12,14
(mrad)
Primary Uses

 1
0.58  - 0.68
0.58  - 0.68
1.39
Daytime cloud/surface mapping

 2
0.725 - 1.10
0.725 - 1.10
1.41
Surface water delineation,





ice and snow melt

 3
3.55  - 3.93
3.55  - 3.93
1.51
Sea surface temperature,





nighttime cloud mapping

 4
10.50  - 11.50
10.3   - 11.3
1.41
Sea surface temperature, day





and night cloud mapping

 5
band 4 repeated
11.5   - 12.5
1.30
Sea surface temperature, day





and night cloud mapping

Calibration

AVHRR sensors measure radiance which is converted to voltage and stored as a 10-bit digital count, which varies from 0-1023


Saves storage space

Thus, a calibration factor must be determined that relates digital counts (X) to radiance.  

This way, we can get radiance back from the stored digital counts

Calibration:

Radiance/Voltage ( Calibration factor ( Counts
Pre-Launch Calibration

Used to characterize a sensor before it is launched into space.

This is done pre-launch using an “integrating sphere”.  When using an integrating sphere, the albedo (Ae) or reflectance factor is measured.

Need to link what satellite records in integrating sphere to measurements made in space


Must both be related to Counts

Find relationship between Albedo and Counts

Known relationship between Albedo and Radiance


Provides relationship between Counts and Radiance

New calibration scheme becomes

Radiance/Albedo ( Calibration factor ( Counts ( Calibration factor ( Albedo/Radiance

____________In lab__________________________
                                                                  __________________In space________________
Question: Why not go from radiance to counts and directly back to radiance?  Why is Ae involved at all?


Because the calibration technique- an integrating sphere – does not produce light that can readily measured as radiance, which is directional.  Its output is expressed as albedo, which is easily converted to radiance.

Albedo (Ae) can be directly related to radiance L (W m-2 µm-1 sr-1) using the equation


L = FAe/100w        or        Ae = 100Lw/F
Where F is the spectrally filtered extraterrestrial solar irradiance and w is the channel band-width

F and w are specific to each sensor.

An empirical relationship between Ae and digital counts (X) is determined experimentally for each channel

There is a strong linear relationship between Ae and X


Non-zero intercept

This relationship can be described by the equation


Ae = MX + I

where the values for M and I are determined by linear regression for each channel

So then counts can be converted to Albedo, and since we know the relationship between Albedo and L, we know L.
Radiance L still must be converted to T

In-flight calibration 

Used to monitor performance of sensor while it is in flight

Can be done for data from channel 1-3


2 point calibration using 2 sources of radiation



An internal ‘black body” target



Deep space - known

At this point we’ve only managed to get back to the radiance measured initially (that was then converted to volts then to counts, etc.).  Still need to get T.

Estimation of SST

Radiance is converted to “brightness temperature” TB

TB is the temperature of a black body
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C1=3.74151e-22 W m-3 nm-1


C2=0.0143879 m K


It is assumed that the radiation reaching the satellite is black body radiation 



originating from a target with a brightness temperature TB

TB is not the same as SST because


 
The ocean is not a perfect emitter (but it’s very close – 0.98)



Some of the radiation from the ocean is attenuated by the atmosphere

Calculation of SST from TB
• There are a number of algorithms to do this, many of which use different bands

Day-time


TS = 1.0351TB4 + 3.046(TB4 – TB5) – 283.93

Night-time

Split window

TS = 1.0527TB4 + 2.6272(TB4 – TB5) – 288.23

Triple window

TS = 1.0293TB4 + 0.9936(TB3 – TB5) – 278.46

Dual window

TS = 1.0063TB4 + 1.4544(TB3 – TB4) – 278.47


Bias (K)
RMS Error (K)

Split window
0.06
0.61

Triple window
0.14
0.64

Dual window
0.16
0.73

Cross-product SST
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Day
Night

a0
0.19169
0.19596

a1
49.16
48.61

a2
0.20524
0.20524

a3
0.17334
0.17334

a4
6.78
6.11

a5
0.789
1.46

a6
0.92912
0.95476

a7
0.81
0.98

a8
254.18
263.84

SST Accuracy issues

Emissivity.  Although the ocean is a nearly perfect emitter its not perfect


The error can range from 0.5 to 1.4K, depending on satellite viewing angle

Skin effect.  The temperature of an extremely thin surface layer is being measured


Along a transect from the tropical Atlantic to Antarctica, the skin effect (T, bulk-skin) was –0.3K to +1.2K depending on wind speed

Diurnal temperature variability.  Daytime heating can result in rapid changes in the temperature of the surface skin.
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