Microwave Radiative Transfer at
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Problem

 Radiative transfer with channels that ‘see
the surface Is problematic because of
emissivity and skin temperature
uncertainties

e This is especially true of inhomogeneous
backgrounds, including coastlines, large
rivers, mountainous regions, and even
regions of high ocean temperature
gradients (e.g. north wall of Gulf Stream).
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Possible Solution

e The abllity to integrate high resolution
databases within a given field-of-view, and
perform multiple radiative transfer within
the field of view, weigh that according to
the antenna beam power, and integrate.
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Co—Polarization

METOP AMSUA 0
All channels cross (red) and along (blue) track.
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Normalized antenna patterns by adding (negative) i
maximum value of each pattern to all values.

Averaged all 10 channels for the 0 deg (red-crosstrack)
and 90 deg (blue alongtrack). Got best fit to the eye with |

a 7" order polynomial (solid, crosstrack, dashed along —'°
track.

99% power inside the fov is at -20 dB. This is approx
10 deg wide. Ran this through the fov_angle_sizes
code, compared with 3.3 deg for AMSU and got an
expansion factor of 3.0 .

Angle in Degrees

The solid fit line fits almost exactly over the data.
The dashed fit line is almost as good.



Sample AMSU scan line with relative antenna power to 50%.




Sample AMSU scan line with relative antenna power to 99%.




50% power has a dB reduction of -10 log,, .50 = -3.01 3.3 deg m=1.0
95% power has a dB reduction of -10 log,, .05 = -13.01 6.6 deg m=2.0
99% power has a dB reduction of -10 log,, .01 = -20.00 10.0 deg m=3.0

7
P, =Cy+ ZC_Xi Along track power
X — |
i—1 Right now ignoring the
45° and 135 ° slices

.
i
I:)y =Dp + Z Diy Cross track power
1=1

P = _(PX + Py) Total power

P = lO_Pllo Power expressed as fraction of full power



Digital Elevation Model
for this Study

« GTOPO30 from USGS
e 0.008333° resolution
 translates to .93km at equator



Radiative Transfer

CRTM
Fastem-3 ocean, NESDIS emissivity land
GDAS 0.5 degree resolution output

Look for GDAS land and sea points
nearest to centroid

Integrate power/land fraction over fov

Assume land and sea skin temperature
homogeneous
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Land Power Fraction Ocean Power Fraction

Power Fraction = Fraction of total antenna power within fov allocated to each surface type
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Example Tb Differences

99%

95%

50%

TB land =280 TB sea =210

Land Sea Land Sea Tbh
Fraction Fraction Power Power
Fraction Fraction

0.238 0.761 0.358 0.641 235.13
0.301 0.698 0.371 0.628 236.01
0.480 0.522 0.488 0.512 244.16

Thanks to Paul vanDelst for suggesting this comparison



Channel 1 Channel 2
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Tb Error (K)

Channel 1

Channel 2
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¥ What does this look like just
- using GDAS within the fov?

e Use the above described methods to
determine the various land/ water/ snow/
sea Ice fractions and pass to CRTM

e Preliminary results in the following slides
from George Gayno,
NCEP/EMC/JCSDA/SAIC



SEA ICE

MODEL MASK ~ 12KM




CONTROL:
OBS. MINUS GUESS T,

IMPACT: ACCOUNTING FOR FOV

EX: NOAA-15 AMSU-A, CHANNEL 2

IMPACT: CHANGE IN
OBS. MINUS GUESS T,

NORTHERN CANADA
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Potential Improvements

 Work shown here uses the nominal fov
centroid zenith angle. It would be better to
use the actual angles within the fov.

* Fit each channel independently
e Fit as a function of scan position

This is preliminary work



Summary and Discussion

* A method has been presented to use sub-fov
radiative transfer to improve radiances over
Inhomogeneous surfaces

 Usefulness of this technique is limited by the
quality and resolution of available model
state/ancillary databases

» Usefulness also limited by the expense of fov
iIntegration and multiple RT calculations

e Future application of Moore’s law and other
hardware development may ease these
restrictions
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200 2E0 240 Z60 2BG Pl 00 z20 240 260 280 >0 —20 =11 0 19 0
Oceon Gbaasrssd Th Channel 1 Antenna Tamperaturs Ocean Cemputed TE Ghonnal 1 &ntanna Temparaturs Oceon Th Differance Chonnel 1 Antenno Temperotura

Ocean Temperature



200 2E0 240 Z60 2BG Pl 00 z20 240 260 280 >0 —20 =11 0 19 0
Land Gbasrved Th Channsl 1 Antesnna Tamperaturs Land Cemputed TE Ghonnal 1 Antanna Temparaturs Land Th Differanca Channel 1 Antenno Temperotura

Land temperature



240 Z60 2BG Pl 00 z20 240 260 280 >0 —20 =11 0 19 0
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Mixed temperature
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This is a first attempt with idl, using it's lores coastline (we don’t have
the CIA hires coastline, and using the
F:\landsea\global.eighth, which is clearly not up to the task.



&9
%) Soeees
I ST
g SRRl
0?5\60‘;‘ Oy~ _
c ) mQMO %Q’&OOMS e S Oweﬁt.)vw@'?
k= e e,o\.,wcawv,oewmoa»,&coom AR
S R .‘u@mw.w.ﬁ.x?n%?.:
o Cio Ve Ooﬂav,oeooaa,o«s @A.QQOOM&.XQA woo&om.avatoﬁd«
Q wo SO G QA oew%oc.wo eapcﬁuow«aqac&gﬁ.ogosw o
3 eosey O Zeds o?uo&?\ew oavoeﬁo@&@c«&e SECOR
— SIS ,ooaw\,n«:.oe_»o&woueﬂuo;am?e@ﬁawo&@ow&ao«t
3 Q8 ow w. %o@toe&o«s@oa&o&eowe»o&«..oe?oa%@&oo@
Seaotize: NI 0 09%09?%%3\,00?0?& b SRS 9
= Sbeashy sask Seusdiasiss n@.r.?m.”
5 Sgesoases oscSesce. Sesce: sssseasgnee: 8o
= DaSeeet 5o, GeiEeose Eeies SR8 \
WJ . '1&"*.*.“\.* WAN “ m w /.r.‘& “W”r (." M"% .‘” »«&“N”‘\M ,“M
c C Q.@.i@y\%#b. e o&‘bow. 5 .w SR oo ia o
c < O NG "y =5 Voo, SN0 Jy Vg
a3 \eﬁbio@%xoﬁ 0 e SENeS Sebs e
8z oL R @cgv&..&ﬁoﬁ SR Suzen e
< O ﬁﬁqﬁﬁ&eﬁgﬁ %&&@oﬁ&m&e oS ez w? SR
oz 09 s oN L &QQ».Q&#QJ( o a&o 0K
I0g's 04 P 00’ @m&eoﬁi o 2o 2Ne S
c '«v&‘ﬁ‘f.“i‘,"‘\%! o¢'¢@.ﬁ¢.¢@‘w&«@»¢¢ i&.ﬂ@ﬁ, NCow 9
S < sﬁuvf\o@ ioise: AL oo e 006 O
St ;cgﬁu.‘,,n. 1 ﬁav,.mo‘ebg«.\i ooy ZNeeoeey
n S ‘f.ﬁ'¢x.¢‘¢.¢x¢‘@¢ () ‘4’.¢.‘\¢‘@¢ K 0 ¢.‘)\+ﬂ¢» f'\«»iw‘ﬂ @
LAy D8 TS ‘o Ol PR s o ot %
m < PR Qo woySTRGaes - seetese
Q' L S L a0 TR Sew e
2o Sl L o&ﬁ%&o‘a@ s pe <0 i
n 2 a\g\..‘.db\..ddgmw 3&.&%@?@. ORLTE e case
S48 s LAY Nogo oue o Noly {
2e ™ 085y /88 Sdogygal T Posoupy
e’ 0% \-\‘4 A P QQY"\O’.. { ‘. Q* /é‘ , ‘#‘Q‘ =\
< @%ﬂ.\&,gmw&e% e 040y o000, aSeesye
v ST oSS eges Y LI 109 SN0
Sa U 8ige o e Qg es o8 105 38015
c S S ik QI SR N ST
G O s..@mf‘.iﬁt LY SO R TR
Voaes 2 0! 8 ISaps 08 Vor W04gg 8
< Iy L (o8 %.ﬁﬁqmé.?@. Siley; los AGiscs
1 N \~\3‘ e 4.(“"‘.0%» »@0 e A‘s\-ﬂ &\0‘\%’ 6* ¢.‘ { f%‘o\. 0.‘
S oA laaiEay gyt aveed, Epg 0o
& )7 S8 J - 75 ol
7 U T 004 Vo vl Ins 240 R
0 P ‘Q LY Ty 9=s3 §~‘ Y I o Ll () -
= M O 1050 =20 7 0
sl TS eny; ST .
=y gt teivas ol Seavn;
YO0 SN 0S i is R R L
N~ Pan S \~\~. e S { &ﬁ\ <t K 5&. N\_a“»o ‘sﬁé 5
~ 07 s a; 0 ROt LI I8iar e
1 So<E-X \~‘ T s.s 85 /) PSS ‘~\" ) S »Q.‘ < g\
S e ‘g ey o ) ‘ho!»\ﬁ KILIY X ¢Q {0
< [y T D
KL fﬁ: S~ ;\~§§ LY .ﬁs\v o&e&b \QQ A .- J S
< ' L X ;‘~ v¢¢o1. \os“ .
S ......wﬁﬁ?:s%; et i Ly o)
A i e eay e LY \dl.;s.t
= 000 ys-@@!%. SaQlgy oy, 08 i Yoro ol
KAV 0N T N A./.ots e /750 JOT ) | i .Cvo.;!f
Wilptaggyrsitistss oy, st ey
=ML LI < ine e =SS St \~\ 75 9=
oK g\~\\~\~ 4\““' V9% gg by I X1/ ." \\~\ K N5~
<4 \\ & ?‘-‘A"oo»\ .“. A [ \ 7R~ 'O‘Y Og‘ <L \~\ as
JWO000XA VIR S il sa sl /]
Wity ik U0
KAV ) ‘Y_Oo/o ;g < ﬁ_ e ofﬁf(‘\%‘«ﬁ“\
0954 s_\ g ﬁfvou&!&?k
S ) ) ..\‘.fgﬁ\-w«»ﬂ,_w-k ».»\“hw-
A & ,‘ <>

%\

S —

i ‘\ IS
U inrratanlp
Wity
/ £ \\ vv“ )

i 0L i
] Ll

% ~ X I atees

1 (\ B 0% ﬁvvm s

wo ( \‘_‘_ e ‘0~ \ 4;-" “D_QOAMW‘\NC“ \4» 2y

. &ggg\g e g
O

\ ‘&%g%g@« S K

> (\N&g




Channel 2 Channel 2
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