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Principals

While dominate wavelength of Earth is 9.7 um (thermal), a
continuum of energy is emitted from Earth to the atmosphere.
In fact, the Earth passively emits a steady stream of microwave
energy as well, though it is relatively weak in intensity due to
Its long wavelength.

The spatial resolution usually low (kms) since the weak signal.

A suit of radiometers developed can record it. They measure
the brightness temperature of the terrain or the atmosphere.
This is much like the thermal infrared radiometer for
temperature.

A matrix of brightness temperature values can then be used to
construct a passive microwave image.

To measure soil moisture, precipitation, ice water content, sea-
surface temperature, and etc.



Planck equation — frequency form Rayleigh-Jeans approximation
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Some Important passive

microwave radiometers

0 Special Sensor Mirowave/lmager (SSM/I)

It was onboard the Defense Meterorological
Satellite Program (DMSP) since 1987

It measure the microwave brightness
temperatures of atmosphere, ocean, and terrain at

19.35, 22.23, 37, and 85.5 GH

Z.

0o TRMM microwave imager (

MI)

It 1S based on SSM/I, and added one more

frequency of 10.7 GHz.



EOS Aqua satellite

B Six instruments, 3 in microwave
mAIRS
m CERES

m AMSR-E, Advanced Microwave Scanning
Radiometer for EOS

AMSR also flies on ADEOS-I| (Japanese)
m AMSU, Advanced Microwave Sounding Unit
B HSB, Humidity Sounder for Brazil
m MODIS




AMSR-E

Advanced Microwave Scanning Radiometer — EOS

It observes atmospheric, land, oceanic, and cryospheric parameters,
Including precipitation, sea surface temperatures, ice concentrations,
snow water equivalent, surface wetness, wind speed, atmospheric
cloud water, and water vapor.

At the AMSR-E low-frequency channels, the atmosphere is relatively
transparent, and the polarization and spectral characteristics of the
received microwave radiation are dominated by emission and
scattering at the Earth surface.

Over land, the emission and scattering depend primarily on the water
content of the soll, the surface roughness and topography, the surface
temperature, and the vegetation cover.

The surface brightness T (T ) tend to increase with frequency due to
the absorptive effects of water in soil and vegetation that also
Increase with frequency. However, as the frequency increase,
scattering effects from the surface and vegetation also increase,
acting as a factor to reduce the Ty




AMSR-E

AMSE-E NoMmal INSTRUMENT CHARACTERISTICS

Center frequency (GHz) 6.925 10,63 18.7 23.8 36.5 89.0
Bandwidth (MHz) 350 100 200 400 1000 3000
Sensitivity (K) 0.3 0.6 0.6 (.6 0.6 1.1
3-dB footprint (km) Tix43 | 51x29 | 27x16 | 32x18 | 14x8 6 x4
sample spacing (km) 10x10 [ 10x10 | 10x10 | 10x10 | 10x10 | 5x35
Integration time (ms) 2.5 2.5 2.5 25 2.5 1.2
Main-beam efficiency (%a) 95.1 94 .8 93.8 045 93.9 a4.0
Beamwidth (deg) 2.2 1.5 0.8 0.92 0.42 0.19
Antenna diameter (m) 1.6

Scan period (5) 1.5

Antenna offset angle (deg) 47.5

Earth-incidence angle (deg) 55

Orbit altitude (km) 7035

Swath width (km) 1445

Orbit type Sun-synchronous, 1:30 pm equator crossing

Orbit period (min) 98.8

Sub-spacecraft velocity (km s™) 6.76

Najoku et al. 2005



Examplel: Snow depth or snow
water equivalent (SWE)

O The microwave brightness
temperature emitted from a
snow cover Is related to the
snow mass which can be
represented by the S = B(ATD)" + c(ATb) [eon ©
combined snow density e aad e ot Emcicn o e B
and depth, or the SWE (a
hydrological quantity that
IS obtained from the
product of snow depth and
density).

ATb = Tb19V-Tb37V
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Arctic Snow Depth Change
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Example2: Radio-frequency
Interference contaminate the 6.9
and 10.7 GHz channels

Radio-frequency interference (RFI): the cable television relay,
auxiliary broadcasting, mobile. RFI is several orders of magnitude
higher than natural thermal emissions and is often directional and can
be either continuous or intermittent.

Radio-frequency interference (RFI) is an increasingly serious
problem for passive and active microwave sensing of the Earth.

The 6.9 GHz contamination is mostly in USA, Japan, and the Middle
East.

The 10.7 GHz contamination is mostly in England, Italy, and Japan

RFI contamination compromise the science objectives of sensors
that use 6.9 and 10.7 GHz (corresponding to the C-band and X-band
In active microwave sensing) over land.
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radio-freqguency interference (RFI

Index (RI)

RITp = TB7p — TB10p. (1)

This RI can be used not only to identify the location of RFI]
but also to quantify its intensity. The larger the R1, the stronger
the RFI. Note that a slightly negative RI does not necessarily
suggest that the region 1s RFl-free, since the RFl-free TB10p
15 often intrinsically higher than the RFI-free TB7p (1.e., nega-

tive gradient). Weak RFI could thus increase Rl slightly, but not
enough to make 1t positive.



AMSR-E RFI Index, 6.9 GHz V-Pol
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6.9 GHz contamination Higy = 1T'Bgy — 1T B

Najoku et al. 2005



Advantages of passive microwave remote
sensing

]
B Sees through clouds at lower frequencies

B Emissivity sensitive to state of surface,
particularly moisture

Soll moisture
Snow-water equivalence

m But, because of small amount of energy
emitted, pixel size must be large
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