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Microwave imager observation

Level 2 products from GCOW1/AMSR2

Integrated water vapor Integrated cloud Irqwd water

Microwave imager observations
contain information on various
geophysical parameters
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Transmittance .
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Characteristics of Microwave imager observatio

Transmittance in MW spectral range
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The absorption features are due to water
vapor and oxygen. Resonant absorption
occurs 22GHz (Water Vapor) and 50 to 70GH
(Oxygen).

Cloud liquid water droplets produce relatively
small absorption and it increases
monotonically with frequency.

For weak precipitation condition (< 1mm),
and low frequency channels (< 25 GHz), rain
droplet scattering effect can be negligible.

Large effect of incidence angle dependence
for surface reflectivity (i.e. dowmwelling
radiance) should be taken into account in
radiative transfer calculation

Surface emissivity range in microwave from
0.2to0 1.0.



Conical scanning microwave imager

1. Fixed incidence angle (e.g. 55 degree)
allow uniform observation during the
scan.

2. Dual polarization measurement (V and
Minimum incidence angle dependence
surface emissivity for vertically polarize
channel (e.g. surface wind speed retrie
from a large differential between

horizontally and vertically polarized

signals for ocean case)

.....
,,,,,,,,,

In microwave observations,
low surface emissivity and
dual polarization
measurements can provide
information on water vapor,
cloud, rain, and surface wind
over oceans.

GCOMW/AMSR2 scanning geometry



Assimilation of microwave imager observation

A Oceanianicrowave radiance data contain information on
various geophysical parametegater vapor, atmospheric
hydrometeorsandocean surface conditiolisea surface
temperature, surface wind speed, salinity)

A Microwave imager observation are assimilated as brightness
temperatures by means ofdiative transfer calculation

A The sensitivity needs to be included in the radiative transfer
calculations in order to make consistent changes in initial
states for NWP.



Microwave radiative transfer

For microwave spectral range, Rayleillgans approximation can be applied
for oceanic and clear sky condition MW imager

Tb(n1q) :Tu(n’Q) +[esTs +(1_ es)Td (/7,(7)] e-l‘( o /ﬂ

The observed brightness temperatuie  can be expressed by the upwglling
and reflected downawelling atmospheric radiatiofi- )T, (7,g)e "
and the surface emitted radiatioe, T, ‘¢ 7

Possible error sources:
1. Cosmic microwave backgroung2.7K
Generally small compared to the atmospheric contribution
2. Tzg Radio Frequency Interference
From ground and geostationary satellite. Related to human activity
3. T, Reflection of sun light into the instrument

Seasonal change
4. Errors in atmospheric profiles from NWP model output



Surface emissivity effects (ocean case)

The emissivity is determined Isga surface temperaturesalinity, foam and
surface roughnessAn accurate microwave ocean emissivity madelecessary
to assimilate surface sensitive microwave radiances over the ocean

Two-scale models of the ocean surface (Wu and Fung (1972) and Wentz (1975)) were
suggested. The theoretical models require an integration over the ocean wave spectrun
to calculate the microwave ocean emissivity. This requires huge computational costs.
Parameterizations are necessary for fast calculation in operational data assimilation.

Two scale modeling
1. Surface waves with wave length that are lon

compared to the radiation wave length
(a collection of tilted facets, each acting as an
independent secular surfacd)argescale wav

Conceptual winaroughened ocean
wave image in two scale modeling

2. The diffraction of microwave by surface waves
that are small compared to the radiati
length ,Smaliscale wave

These effects are parameterized as
functions of incidence angle, wind
speed, sea surface temperature,

3. Sea foamf(actional coverage and emissivity and frequency.

Effects of salinity are negligible
) except L band channels




History of FASTEM

FASTENE a FAST microwave Emissivity Model used for satellite

A

A

radiance assimilation. FASTEM is used in RTTOV and CRTM f
ocean surface emissivity calculation

FASTEM. (English and Hewison, 1998)

I Based on a geometric optics model simulation

FASTEM (Deblonde and English 2001)

I An updated version of FASTEMNnd released in RTTGV

FASTEMB (Liu and Weng 2003)

T An azimuth variation model function was introduced and released in
RTTO\8

FASTEM: (Liu et al., 2011)

I Updated permittivity calculation, a new parameterizations of the
roughness effect, foam parameterization and a new azimuthal model
function, released in RTTEND

FASTEND

I Modified the large scale roughness and foam parameterization
FASTEM

I Improved azimuth variation model function (Kazumori and English 2014



Microwave Ocean Emissivitglculation in RTTOV

A fast radiative transfer model (RTTD®) is used for the brightness temperature calculation
in the data assimilation. RTTQW useFASTEMfast emissivity model ) as
the microwave ocean emissivity calculation module

Specular Ocean surface emissivity (calm ocean)
Largest part of ocean emissivity calculated by Fresnel formula,

depend on frequency, incidence angle, SST,
salinity and dielectric constant of sea water. , .

Small scale correction

Radiation from small scale waves
(capillary wave),

Isotropic windinduced emissivity
Large scale adjustment

Radiation from large scale waves
(gravity wave, swell) caused by wind

Correction by foam and whitec
Correction on dowrwelling atmospheric radiation

[ ,

Azimuthal variation correctiorRelative Wind Direction effect) operatlonally!J
Dependence on surface wind direction relative to the sensor azimuthal look

Sensor azimuth angle is not stored in SSMIS, TMI real time data. "



Components of ocean emissivity
e = eO(q1 Ts’ S) + Deiso(q1vvs’ F) + Dedir(vvs’fR)

eq,1.,S)

The first term: Specular sea surface emissivity, This is dominant term of the oce
emissivity and depends on incidence angle, sea surface temperature, and salin
The value can be theoretically calculated. (Fresnel formula)

De,.(g.W,, F) =(1- F)De, (g.W,) + FDe-(q,W\,)

The second term: Waveduced isotropic emissivity. This term depends on sea
surface wind speed, and fractional coverage of fdam

This term contains the large scale and small scale wave contribution. The effect
are parameterized with wind speed and incidence angle, and foam emissivity.

(Dedir(vvs’fR) h

The third term: Wind directional dependent part of the emissivity. Asymmetric
distribution of foam and small scale wave contribute this variation. The valug can
be parameterized with wind speed and relative wind direction. )




Characteristics of oceanic microwave radiance
Measurements from Airborne Microwave Radiometer and Buoy

Ocean surface microwave radiations have Wind=8.9 m/s@5m; 0=55 deg
surface wind directional signals. L 20 X=10 LR =
1.0 |-
. - s oo \V/

The azimuthal variation should be =Rl
considered correctly in radiative transfer  -so;
calculation for geophysical parameter e A
retrievals (TPW, SST etc.) and radiance x ok 50 ST S O O B

£ o0
assimilations. = o) H

2O o E

Microwave radiances (brightness P00 90 180 270 360 450 540 630 720 810 500 890 1080 1170 1260
temperature) are assimilated for g 2R AR RIS RS AR RS AR RAFUAS RS RRSRAF VS A
Numerical Prediction Model. £ lopo
However, the directional information are g -0 5 s S T St (U e o
not used because of a lack of sensor [ A R U U I P U U O OO O S D I
az|muth angle |nf0rmat|on |n real tlme . 0-7 90 180 270 360 450 540 630 720 810 900 990 1080 1170 1260
data and insufficient modeling. L 2F

£ 00
The variation of Tvand Thintermsof = 50, . % W
relative wind direction is "'3'0(; %0 180 27L0L 360 450 540 6(;0 7&0 810 900 é:im 1(;8011i?0 1;50

. Azimuth angle in degrees
expressed by harmonic
Fig. 2. Wind direction signals in polarimetric brightness temperatures of ocean surfaces acquired by JPL K- and Ka-band radiometers at 55° incidence

COSI ne fU nCtlon . angle. The data were acquired on 17 April, 1995, with NASA DC-8 flights over NDBC buoy 46 005. The skies were mostly clear with some small scattered
clouds. The buoy wind speed is 8.9 m:s—! at 5 m elevation, which corresponds to 9.6 m-s—' at 10 m elevation and 10.1 m:s—" at 19.5 m elevation
based on the correction of a boundary layer model [12]. For ease of comparison, T, T}, and @ at 19.35 GHz have been offset by 187.5, 119.3, and 68.2
Kelvin, respectively, while those at 37 GHz have been offset by 203.9, 136.8, and 67.1 Kelvin.

Yueh, S. H., & Wilson, W. J. (1999

12
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(a): Satellite azimuth view
angle and Satellite azimuth
angle.

(b): FASTEM wind directior
and Meteorological wind
direction.

(c): Relative wind direction
(westerly wind case). Wind
vector is drawn in thick
black arrow.



The Variations of Simulated Brightness Temperature
19 GHz \pol. from FASTEM and 3

FASTEM-5 RWD model function FASTEM-3 RWD model function
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RTM: RTTOV-10.2, Instrument: AMSR-E _ . _
Input profile: US standard atmosphere (T,Q) dTB=TBsim i Ave(TBsim)
Wind Speed —

Black: 3m/s Red: 6 m/s Blue: 12 m/s | Unrealistic features
- . Behavior at RWD=0,360
Pink: 18_m/S Behavior at RWD=120,240
SST range: From 0O to 30 Celsius Magnitude of Amplitude
RWD:

Relative Wind Direction is wind direction relative to sensor azimuth angle ,



The Variations of Simulated Brightness Temperature
37 GHz Hpol. from FASTEM and 3

FASTEM-5 RWD model function FASTEM-3 RWD model function
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RTM: RTTOV-10.2, Instrument: AMSR-E B . :
Input profile: US standard atmosphere (T,Q) dTB=TBsim T Ave(TBsim)
Wind Speed Unrealistic features
Black: 3m/s Red: 6 m/s Blue: 12 m/s X
. FASTEM50s Large sens
Pink: 18m/s low wind speed
SST range: From O to 30 Celsius Bugs in implementation of FASTEM3 RWD
model into RTTOV?
RWD:

Relative Wind Direction is wind direction relative to sensor azimuth angle .



Design of new RWD model

Emissivity variation with regard to RWD is modeled with a series of harmonic
functions. This is normal approach adapted by many literatures.

E =E, +E,@osf)+E, @osg )+

| DE=E-E,=E,Gosf)+E, Gosg ) +@ i=vorh |

E, =B, = 8\al_eXp(' avxz)_ ]-J(haX+Cv1X2 +dv1X3)
E,=E.,=a,X

E, =By =a,X

E,=E,= ahzl_eXp(' ath)_ 1J (anX+Ch2X2 + dhzxs)

The coefficients (a,b,c,d, alpha) are derived for each channels. They were
determined based osimultaneous measurements of radiance and surface wind
speed by ADEGIS(AMSR and SeaWinds)

X:windspeel
Dependency on incidence angle (Meissner 2012, Etkin 1991) 16



Comparison ot FG departures or assimilatea
MW |mager radlance (Obs Slm )
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Somali Jet: Strong southwesterly wind (>12m/s) in Arabian Sea

Meteosat Image 06UTC 1 July 2013
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E)cean surfa(?e radlatlons%ave surface wind directional S|gnals )
variation of Tand T in terms ofRelativeWind Direction RWD is
expressed by harmonic cosine function. The RWD variation shoul
considered correctly in radiative transfer calculation for the radiant
assimilation.

However, the directional information are not used because of a
lack of sensor azimuth angle information.

A new emissivity model (RWD model) was developed based on
simultaneous measurements of radiance and wind vector from
ADEOSI (AMSR & Seawinds). 18
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