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Dissertation Research Objective

CFRSL

* My dissertation objective is to use CONAE MWR
Instrument onboard the Aquarius/SAC-D satellite to correct

for the ocean surface roughness
— To develop an EM radiative transfer model (RTM)

 To characterize ocean roughness brightness (Th) at the AQ L-
Band and MWR Ka-Band

— To develop signal processing algorithm to provide AQ
roughness correction

* Inputs: MWR Ka-band Tb’s and ancillary environmental data
— To perform roughness correction validation

 To verify that MWR roughness correction Is effective over the
range of ocean surface wind speed conditions

* To quantify impact of MWR roughness correction on AQ SSS
retrievals
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Satelite de Aplicaciones
Cientificas

Service Platform
& Science Instruments
(CONAE)

-

MWR

Aquarius Instrument
(NASA)

J

2.5 m Parabolic
Antenna

Earth
Surface

Aquarius/SAC-D Mission

O Collaborative Mission
« NASA
» CONAE (Argentina Space Agency)

L Mission Science:

« Monitor earth water cycle by
measuring biweekly global
Salinity maps

O Salinity changes can be
measured using L-band (1.4 GHz)
passive microwave remote
sensing




Cg?) Aquarius/SAC-D
MicroWave Radiometer (MWR)

Flight Direction

e

Ka-band forward ,¢ K-band backward
looking beams (8) looking beams (8)
(36.5 GHz) (23.8 GHz)



Aquarius SAC-D Satellite Sensor Geometry

CFRSL

« Aguarius (AQ) — NASA
— L-band active/passive sensor
— Frequency = 1.413 GHz

— 3 Beams
 Inner (# 1), Middle (# 2, Outer (# 3)

+ MicroWave Radiometer (MWR) — CONAE ©

— 16 Beams
» 8 Forward looking (36.5 GHz, Ka-band)
— Inner beams (odd beam number)

— Outer beams (even beam numbers
8 Backward looking (23.8 GHz, K-band)
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CFRSL

AQ Mission Requirements

Salinity: mass ratio of dissolved salt to the mass of water in a
unit volume

Unit: Practical Salinity Unit (PSU)

Salinity can be remotely sensed by measuring the ocean’s
electromagnetic energy (brightness temperature) at L-band
(1.4 GHz)

Aquarius to provide weekly global maps of SSS at ~150
km special resolution

— SSS rms measurement accuracy ==0.2 psu
« Equivalent measure: - tablespoon of salt in 1 gallon of water

— This is translated to 0.4 Kelvin 1-sigma total error
budget of measured Th



Radiative Transfer Theory

- Microwave
\Antenna

Atmosphere

h'H 1

Ny W H| vo »|j %|- ) -> Forward Model

J J
Avo o W‘ 2w . .= Reverse Model



Ocean Brightness Temperature

CFRSL

» Ocean Surface Brightness Temperature
» Radiated Electromagnetic Energy of sea water emitted through the water-air
boundary
« Ocean Surface Emissivity

» Ratio of Electromagnetic Energy emitted to the total Electromagnetic Energy
radiation of a blackbody

Transmitted -Z
Emission A
-
z is a function of:

SST
SSS Air
Frequency
Polarization @~ A\ AOOWWLY X

Water

Internal Blackbody
Reflected ~  Emission
~. Y . (isotropic)

Emission
Er 7 i



. Ocean Roughness is major Tb Error Source

« Wind-driven ocean waves roughen the surface and cause
ocean Tb to increase (become warmer)

— After applying the wind speed correction, residual error is
responsible for % of total error budget

Tbsurf = Tbsmooth t Awaind speed, wind direction Microwave

) Antenna

Amooth +ATb

Ocean Surface Ocean Surface With Waves

10



&

cres Measured Surface Brightness Temperature, Th,

urf

V-pol Density Plot
111 T | !

[S— ............................................. Standard DeVlauon IS a funCt|0n
NN SRR R NN of: SST,SSSEWD....... W g

Wind Speed m/s

11



&,

are. dmooth Surface Brightness Temperature, Th

smooth

V- pol Density Plot
108 : |

107 S N SR T I ...................
106

105 ......................... ........................

Standard DeV|at|on is a functlon
B sy of:- SST & SSS ..................... .................... .................... a— S— i
08 | | | | | | | | |

2 4 6 8 10 12 14 16 18
Wind Speed m/s

o
\O
I

12



AQ Baseline Ocean Roughness Correction

CFRSL

* AQ uses scatterometer to provide radiometric roughness
correction (col'b)

— Empirical cross-correlation relationship between radar
backscatter with excess ocean emissivity
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MWR Ocean Roughness Correction

« Measured MWR Thb at Ka-band used to calculate gd'b,, and
RTM used to translate to ¢l
— Ka-band Tb is more sensitive to changes in wind speed

— Provides the opportunity for an alternative roughness correction using
the simultaneous MWR measurements

— MWR IFOV provides > Nyquist spatial sampling

H-pol
30 ° WS = 25 m/S
20 o |l WS=15m/s
<
- o | WS=10m/s
L g0
8 -E,J o | WS=6m/s
)] [:2 s o1 WS=4ms
(@) = | :
(@) —
)
- 3 s
= o
-]
I I |
L-band Ka-Band

Frequency band 14



Previous CFRSL Ocean Surface Emissivity
Model (EI-Nimri, 2010)

 RTM combined many published radiometer data sets from
different instruments to develop ocean surface emissivity
model
— Primary emphasis was
— C-band (4 — 8 GHz)
— Wide incidence angle range (EIA=0< - 70<)
— High wind speed values > 15 m/s
« Model was later extrapolated to model lower and higher ranges
frequencies
— L-band (1 GHz) and Ka-band (40 GHz)
— However, model accuracy at L- and Ka-bands were
compromised because of limited experimental data

 Now AQ and MWR measurements provide sufficient and
accurate data for tuning CFRSL model at these frequencies

15



MWR Approach for AQ Roughness Correction

CFRSL

 This dissertation provides an alternative approach to
calculate roughness correction for AQ that uses collocated:

— MWR Tb at 36.5 GHz V- & H-pol

— Numerical Weather Model/ Ocean Wind Vector

— WindSat and SSMIS retrieved environmental parameters
* Incorporates a refined CFRSL Ocean Surface Emissivity

Model (RTM)

— Tuned to on-orbit AQ and MWR Th measurements

 Calculates an AQ (L-band) roughness correction due to
wind speed (WS) and wind direction (WD)

16



— CFRSL RTM Tuning using Match-up Dataset

« Wind speed and wind direction effects were analyzed using
~ 1 year of AQ & MWR data

— MWR Tb V7.0
« Two incidence angles: 52<, 58 <
« ~ 6,000,000 data points

— AQ L-2V3.0
* Three incidence angles: 29<,35<,46<
« ~ 16,000,000 data points

— These data sets were filtered to remove points where rain exists

— MWR data Averaged over the AQ Instantaneous Field of View
(IFOV)

« Measured isotropic roughness correction at Ka-band was
cross-correlated with corresponding roughness correction at L-
band

— Empirical relationship was found for use in the Roughness

Correction Algorithm
17



<~ V'CFRSL Model Empirical Tuning Procedure, L-
- band

Tbocean N
S Cﬁrbmeas
] Tbsmooth i
SST
Salinity Specular
EIA = Emissivity
Pol Model
Freq
—
Model error
_— S
Wind Speed Drbmodel -
Wind Dir
Az Look Dir CFRSL
Rainrate  ~——> Emissivity [
EIA Model Tune model coeff
Pol
Freq

—



Tuning CFRSL Model for L-Band

CFRSL

» Agquarius dataset used (Level-2 Version 3.0)
— One year of data: 2012

« Aquarius processing system provides:
— Ocean Surface Th, .,

— Collocated ancillary data
« NCEP surface wind speed and wind direction
« Scatterometer wind speed
« Reynolds Sea Surface Temp (SST)
« HYCOM Salinity (SSS)
— Quality flags are provided with the data product

* Instrumental and calibration flags

19



S Tuning the RTM for WS @ L-band

Tbocean: Tbsmooth+ ThsotropidWS)'l_ Tbanisotropic(WD)
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Tuning the RTM for WD @ L-band

Tbanisotropic(WD): b1 COS@‘) + bz COS(Z':‘)
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Tuning Model for Ka-Band

« MWR dataset used (Level-1B Version 7.0)
— 6 months of 2012
« MWR provides Top-of-Atmosphere Th (Tb TOA)
— Further processing is required to calculate Surface Th

— Further processing is required to provide wind speed and
wind direction values
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-

band

'CFRSL RTM lsotropic Tuning Procedure, Ka-

- MWRTOA Tb
- WindSat/SSMIS retrievals
- WS, RR, CLW
- NCEP
- Atmos/Ocean pars
Tbocean + !
ATy eas XCAL RTM
ssT ) Tbsmooth {
Calculate MWR
Salinity Sp(_ECL_JIEflr Ocean Surface
EIA ~—>1 Emissivity : T
Pol Model
Freq !
. Tuning Ka-Band
+ Model error l\%odel
) (Coefficients)
Wind Speed ATbmodel -
Wind Dir
Az Look Dir C'_:R_Sl_— —
Rainrate (2| Emissivity [ :
EIA Model Tune model coeff
Pol
Freq __
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- Tuning the RTM for WS @ Ka-band
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Tuning the RTM for WD @ Ka-band
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c=Comparison of Wind Direction Model @ L-band

Yueh [2010]
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Yueh, S.H., Dinardo, S.J., Fore, A.G., and Fuk, K.L.: ‘Passive and Active L-Band Microwave Observations and Modeling of
Ocean Surface Winds’, Geoscience and Remote Sensing, IEEE Transactions on, 2010, 48, (8), pp. 3087-3100
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~ " Comparison of Wind Direction Model @ Ka-
o band

CFRSL Wentz [1992]

2200 100 0 100 200 2200 2100 0 100 200
—WS =6 m/s—WS = 10 m/s

2t

200 ~100 0 100 200 200 ~100 0 100 200
Relative Wind Direction Relative Wind Direction

Wentz, F.J.: ‘Measurement of oceanic wind vector using satellite microwave radiometers’, Geoscience and Remote Sensing,
IEEE Transactions on, 1992, 30, (5), pp. 960-972
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MWR Isotropic Roughness Correction Procedure

- MWRTOATD

- WindSat/SSMIS retrievals
- WS, RR, CLW

- NCEP

- Atmos/Ocean pars

Calculate MWR
AQ Surface Tb Ocean Surface
Tbocean

Ka-band to L-band
isotropic ocean
roughness
relationship

28



Correlation Between L-Band and Ka-Band
Roughness
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Correlation Between L-Band and Ka-Band
- Roughness — Incorporating L-band WD Effect

* The Wind Direction effect then is added given the relative

wind diurecjion value ot the AQ point o
Y'Y j Y'Y i Y'Y
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@ MWR Roughness Correction Algorithm
Flow Chart

Remove Wind Add Wind 4
Direction effect for Direction effect for -»‘
Ka-Band L-Band

Ka-band isotropi
roughness

\ 4
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Salinity Retrieval Algorithm

* The roughness correction is applied by simply subtracting

modeled roughness fro measured surface Th
"%) "% ﬁ S’/"% F]

* Tb .0t IS @ function of SSS and SST at a given
frequency, polarization and incidence angle

 Salinity is retrieved using the salinity retrieval algorithm
used by the AQ team

— No algorithmic differences

32



SSS Retrieval Validation

« For AQ validation, salinity retrievals using both ocean
roughness correction technigues were compared to
HYCOM

— US Navy/NOAA global ocean salinity model output
produced every 24 hours
* Ingests In-Situ salinity measurements from around the globe

* Incorporates ocean circulation physics to model the 3D
salinity profiles cover the entire globe.

— The HYCOM global mean salinity provides the reference
for salinity

« AQ will provide improve ocean salinity by higher spatial
sampling to improve the HYCOM model

33



@’ In Situ Data Sources
- (Aquarius Validation Data System)

Fixed moorings
1,500

Surface drifters
1,500

Research ships (TSG) CTD profiles

ARGO profile floats
3,000
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12-Months of HYCOM

SSS Jan 02, 2014 00Z 91.1

Hybrid Coordinate Model Website
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%ﬁ’ ASSS for AQ and MWR Salinity Retrievals
(Beam 1)

Mean = 0.06 Mean = 0.06
Standard Dev. = 0.52

Standard Dev. = 0.41
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CFRSL ASSSAQ GIObaI Map

ASSSAQ

£x-

ml w‘i l‘ ”1;.
H} }F}} }ji }11” wlrl 1!
HHI }

- lillll
=-' 1H HHIH[ !EI-IH #J%:Hﬁlwm

it
}a}ﬁw:; ;'f.u i ! H‘.#;I H‘J:I: ;
o %:Hllj: i '.I;w‘ TI‘-IF

fuja] II I i kih| by
1_|-u|luur i S L!I |--|-|-|-|--

I l'I 1 |.- ai -p.'|_|I'| II:'I.I:'I:II'I |I|l"|||lhlI| |‘I1|.

s

'r"l '| m"r"f' I“Iill s

50 100 150 200 250

300

39



CFRSL

Double Difference
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Conclusion

Ocean Surface Emissivity Model was developed using on-orbit data from
Aquarius and MicroWave Radiometer instruments

— Wind Speed
— Wind Direction

— Statistical differences between model and observed data are reduced to
~=+0.5 K

Collocated data set was produced
— Weighted averaging of MWR beams with Aquarius IFOV

Roughness Correction was used to calculated smooth surface Th
— Retrieve Sea Surface Salinity

Results were compared to baseline roughness
— No wind speed dependence
— Results are highly comparable for wind speeds between 0-15 m/s
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Future Work

Since two techniques are independent, future combination
between the two will be analyzed

— Reducing Standard Deviation
Provided CONAE and the science team with data product
— Approximately 3 years of MWR data (Roughness)

Include tuning of the Foam Emissivity part of CFRSL
Model
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Bckup Slides
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Major Sources of Tb Error

* There are 12 major sources of Th measurement error
— 6 must be corrected using auxiliary data

Celestial ==
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Error Sources

Mission CDR July 2008
3 Beam RMS

Error Sources Allocation | CBE
Radiometer 0.15 011 |
Antenna 0.08 0.01 |
System Pointing 0.05 0.02_|
Roughness 0.28 012 |
Solar 0.05 002 |
Galactic 0.05 004 |
Rain (Total Liquid Water) 0.02 001 |
lonosphere 0.06 005 |
Atmosphere - other 0.05 0.02
SST 0.10 0.07
Antenna gain near land & ice 0.10 0.10
Model Function 0.08 0.07

Brighness Temperature Error
per Observation

Baseline Mission

Allocation

CBE

_Total RSS (K)

0.38

0.23
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Tuning the CFRSL RTM

Adding relative wind direction effect model
Yt & CHI(H) 5 “HI Ik

Changing the coefficients of the roughness model to
reduce the RMS difference between modeled surface Tb
and measured surface Th

144 j 5 g 9

Tuning done separately for L-band and Ka-band

— Tuning was done using the statistical algorithm that works
for the majority of points
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st Tuning Model for Ka-Band — cont.

« MWR data iIs collocate with the environmental data from
The National Centers for Environmental Prediction
(NCEP)

— Environmental data used to calculate T, T, and
atmospheric transmissivity ()
 Previously developed X-CAL RTM [Sayak 2013]

« MWR data iIs collocated with two other satellite
Instruments to provide wind speed, wind direction and
rain rate values

— WindSat

— Special Sensor Microwave Imager Sounder (SSMIS)
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s Histogram of Global Wind Speeds
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= MWR Collocated Data Set

(1 Week of Ascending Passes)

WindSat-MWR collocation

100

100

SSMIS-MWR collocation

Combined Coverage 0

-50¢

1900 100

Collocating with two instruments for abundancy
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— "“Correlation Between L-Band Roughness and Ka-Band
o Roughness

* Due to difference in geometry, the wind direction affects
each points differently depending on the azimuth angle of

the beam
e This effect was subtracted from the model before find the
correlation

(7 4 5 (7 4 -~ r 5
h x = 0°

Az

A

—= +
C Wind Cross Wind
v =-90° < » v = +90°
\ 4
Down Wind

v = +180° 55



