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Methods for Correcting Microwave Scattering and
Emission Measurements for Atmospheric Effects

by Mark Komen

ABSTRACT

Algorithms have been developed to permit correction of scattering coefficient
and brightness temperature for the Skylab S=193 Radscat for the effects of cloud
attenuation. These algorithms depend upon a measurement of the vertically polarized
excess brightness temperature at 50° incidence angle. This excess temperature is
converted to an equivalent 50° attenuation, which may then be used to estimate the
horizontally polarized excess brightness temperature and reduced scattering coefficient
at 50°. ©or angles other than 50° the correction also requires use of the variation
of emissivity with salinity and water t:inperature. When theoretical values are used
for this, the effect may be translated to an equivalent 50° case and the attenuction
estimated.

Use of 50° estimates should be quite satisfactory for the in=track modes of the
$-193, but the more complex (and less reliable) methods based on using theory to obtain
an equivalent 50° number must be used in the cross=track modes because the same spot

is not viewed at both 50° and another angle in these modes.
g




1.0 INTRODUCTION

The removal of atmospheric effects from radiometer and scatterometer measure=
ments has been the focus of this part of the technical study on the RADSCAT. Two
main areas, correction of scattering coefficient for atmospheric effects and brightness
temperature for atmospheric, angle, and surface effects are discussed in this memo-
randum,

It has been shown (Hollinger, 1971) thai vertically polarized brightness temp=
erature at 50° incidence angle is insensitive to surface roughness and correspondingly
to windspeed while still being sensitive to changes in the atmosphere., Brightness
temperature at the si:rface is related to apparent temperature at the satellite altitude,
the difference beir ed as excess temperature. If the excess temperature at 50°
incidence angle is known, the theory covering the 50° incident angle case can be ex=
tended to all inzidence angles.

Also to be considered is translating the brightness temperature to a reference
brightness temperature at some standard water temperature and standard incidence angle
so that the radiometric measurements after the removal of the temperature and incident
angle effects reflect only atmospheric and roughness effects. The final result of correct-
ing for atmospheric effects is presented in the form of two user-oriented subroutines, one
which removes the atmospheric effects based on the 50° incident angle brightness
temperature insensitivities, and the other which performs thc reference temperature/
incidence arigle translation,

The purpose of this memorandum is twofold, the first being to remove the effects
of the atmosphere from the radiometer and scatterometer measurements.

it has been shown (Hollinger, 1971) that brightness temperature at 50° incident
angle is insensitive to surfaze roughness and correspondingly to windspeed while still
being sensitive ‘o changes in the atmosphere. Brightness temperature at the surface is
related to apparent temperature at the satellite altitude, the difference being defined as
excess temperature. 1 the excess temperature at 50° incident angle is known, the
theory covering the 50° incident angle case can be extended to all incident angles.

Also to be considered is translating the brightness temperature to a reference
brightness temperature at some standard water temperature and standard incident angle
so that the radiometric measurements reflect the removal of the temperature and incident

angle effects. The final re:ult of correcting for atmospheric effects is presented in the




form of two user-oriented subroutines, one which removes the atmospheric effects based
on the 50° incident angle brightness temperature insensitivities, and the other which

performs the reference temperature/incid=nt angle translation.

2,0 Removing the Effects of the Atmosphere=Derivation of Excess Temperature and

Attenuation

The estimation of the atmospheric effect begins with the calculation of vertical
excess temperature near 50° incidence angle. This excess temperature is calculated by
taking the difference in the apparent temperature measured by Skylab and the surface
brightness temperature as calculated from Fresnel theory. Although Fresnel theory is
only valid for smooth surface conditions at 50° incidence angle and vertical polarization,
the result is independent of windspeed. Given the incident angle, salinity, frequency,
and the surface water temperature, the reflection coefficients for an electromagnetic
wave incident on a smooth sea (zero wind case) can be calculated. The pclarized
reflection coefficient RP(S,Tw), where 8 is the incident angle, Tw is the water temperature,

and p represents the polarization, is expressed as:

€ (Tw) cos@ - \RrCTw) - $IncQ
é,.(Tw) cos@ + \)érCT\u) -$5'n2B

Ry (6) TW) =

_ cosO - J e (Tw) = sin*€
QH (B\T”> T cos® +~) éY.Cﬁ-Y:sin"e

where € (Tw) is the complex relative dielectric constant of sea water at temperature Tw.

Emissivity ep (8, Tw) is related to the Fresnel coefficient by

2.
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The vertical brightness temperature is expressed as:

Tev = €v (56, Ty T, ©

Where Ty s the water temperature at the surface. By definition, the excess temperature

is the difference between the apparent temperature and the brightness temperature.
Tex = Topp ~Tg (2)

where Toop 1 the radiometric temperature at the satellite altitude in the antenna
pointing direction and TB is the surface brightness temperature.

An empirical relation between vertical excess temperature and attenuation at 50°
incidence angle was derived from soundings taken by a NIMBUS satellite. Further
analysis by the ATRAD* atmospheric radiation package yielded a graph of attenuation
vs, vertical excess temperature (Figure 1). Regression analysis shows the two quantities

related by the equation

2
A (5’0") = 0,0(79)( —-o.OGOOSSéXz-(- o.ocoaoq.gg)(

e
where X represents the vertical exces: temperature in degrees Kelvin and«(50) the
attenuation in decibels,
ATRAD also yielded a relation between horizontal and vertical excess temperatures

at 50° incidence angle which (Figure 2) by using a regression analysis, is described by

, 2 £
Texy = 11531V +0.00447V "= 0.00008V

where V is the vertical excess temperature and TexH is the horizontal excess temperature
at 50%incident ar 'e, all in degrees Kelvin,
Since the @' ation by the atmosphere is now known, the scatterometer measure=

ment is correcte

¢ (d8) = o°(dB) +~(dB)

* Reference
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Figure 1. Attenuation vs. vertical excess temperature (50° incidence angle).
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Figure 2. Horizontal excess temperature vs, vertical excess temperature
(500 incidence angle).
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where o° is the scatterometer cross section, X the attenuation, and c‘oc the corrected
scaticrometer measurement, all in decibels,

At this point, all the 50° incidence angle data can be corrected for atmospheric ]

effects. Knowing the horizontal excess temperature, the horizontal brightness temp-
erature at 50° incidence angle can be obtained from equation (2). The horizontal
emissivity at 50° can be obtained by solving equation (1) for 5P(O,Tw) for horizontal
polarization.

The next step is to calculate certain parameters to be used at other incidence
angles.

Attenuation and transmit.unce are related by the expression

) = 107

where [(8) is the transmittance at some incidence angle and =¢ is the attenuation in

decibels. Transmittance is also a function of incidence angle (6) and atmospheric

opacity (7).
° - T, s5ecB

(e)= & (4)

Solving for To' which is independent of incidence angle:

M., ({507

P
S50 !

T =

It is important to examine the actual compon ts of the apparent temperature. Figure

3 shows an electromagnetic wave incident on some surface having some brightness
temperature Tg. Ty represents the amount of energy the antenna will see transmitted
through the atmosphere. L up is the atmospheric contribution T sky (looking up) plus that
part of the cosmic background T, (2.7° Kelvin) trarsmitted through the atmosphere.
There will be some reflectivity ( at the surface, so r“ up represents that part of Tu
which is reflected and transmitted. Finally, there is some contribution TATM from

just the atmosphere itself. Summing these components, it is seen that

TQFF = TATI-;‘ -+ r {TES + ()T"P) (é)
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Figure 3. Components of apparent temperature (rapp)




Substituting gTw for TB' (1=¢) forf and (Tsky +rTc) for Tup' where TskygTATM'
equation (6) becomes

i (8)~T(0) [ O+ [i=cr (T[T TOT]S
+ TATM (6) (7)

showing the angular dependence, or

Tex (Q) ) [-r( o)~ I] €p (G‘T\.,) T, ~T(6) [( - € (G;Tw)] [TATAG)
F + 16V ) *Tand®)

.. o
Solving for Taorpm (50%)

‘ . 2 oq -évff'i"a.T.,',.
Tew,, (560 - [0 ) -(16ASE1T) 2L [tee AR

-U\TM (‘50") = =4 r(sd") D - &, (So‘?TW\] + | (?)

TA or the mean atmospheric temperature is a weighted average of the physical
temperature of the atmosphere as it varie. with altitude and is related to the atmospheric
temperature (TATM) and the rronsm.i:tonce (") by the followirg expression (see Appendix
A-2 for a detailed develcpment of TA):

:(: = Tm-.,_.\ (SOQ)

A e

| = (s

TA is independent of incident angle for a given scan.
As was shown in equation (4) and (5), given the opacity at 50° and the incident angle,
the transmittance at any angle can be calculated. Hence, the attenuation at any angle

is given by

o((t) = -(O\nc:)mr(@\/ JB.
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Now, the scatterometer can be corrected as per equation (3),
Solving for T A1m (8)in equation (9) for any incidence angle, and with TA

constant for a given scan,

Ch T [i-r(e)]

AT M

Solving for the emissivity at any angle ep (9, Tw) in equation (7) knowing the
transmittance, apparent temperature, water temperature, and the atmospheric tem=

perature at any incidence angle,

€, (6,Tw) = Tap(8) ~Trrnal®D - ro)) -2.773(0)
r(e) [TW ATIA (G -2, 7 (-(9)] TATM (@)

Since equations for the brightness temperature and excess temperature have been

defined in equations (1) & (2), the data for incidence angles other than 50° can be

corrected for atmospheric effects.

3.0 Remnving the Effects of Water Temperature and Incid~nt Angle Variations

To illustrate variation of brightness temperature with windspeed, and, indeed,
to provide a suitable reference for atier -ation determination, effects of other
parameters must be accounted for, Skylab data were taken at many water tempera=
tures and incidence ungles; variations in these parameters affect the measured
radiometric brightness temperature. The incidence angles varied by two or three
degrees at each command angle while the sea water temperatures varied by 10 or 15
degrees Kelvin, A nominal sea water temperature of 290°K and nominal incidence
angles (50.00, 40.00, 30.00, 15.0°, and 0.0 for each command angle were chosen

and the brightness temperature which would have been measured ot these norninal

conditions was ectimated. The estimated brightness temperature for these conditions
is referred to as the refercnce brightness temperature.

Emissivities for rough surfaces are larger than those for smooth surfaces, but
Fung and Claassen [ 1] showed that for a given windspecd and frequency, the emis=-
sivities for smooth surfaces and rough surfoces differed by a value which was indepen-
dent of water temperature. Therefore, the change in emissivity in translating from the

surface water temperature to the standard water tempercture for a smooth sea will be




identical with that for a roughened sea.

Fresnel th. sry was used to obtain the pol rized emissivities for a smooth sea
as was done previously, fiven frequency, salinity, incidence angle, and surface
water temperature (denoted by the point € TW on the W°=O curve in Figure 4),

The polarized emissivities are then calculated at the given salinity and frequency

but at the standord water temperature of 290° Kelvin (denoted by the point (€, T;)
on the Wo=0 curve in Figure 4). The polarized emissivities corrected for atmospheric
effects (section I) are reprc.ented by the point (€5 Tw) on the W, curve in Figure 4,
where W, is the windspecd at the surface cell, Translating to point (els' T$) is done
by noting

Figt .: 5 shows the emis ivity varying with incidence angle for a given wind-
speed, It is not known at this time exactly what the incidence angle depend. nce
is for all windspeeds due to a lack of experimental dota. At some points, ine
variation in windspeed caused by variatiors in incidence angle are significant and
therefore the W, curv.. was used to estimate some first order correction for the data.
This correction for incidence angl- variation is obtained by translating along the
W, curve and assuming thet this is comparable to rranslating along the W, curve.

The total change in emissivity is then,

Ae = .4\6.1.W +A¢&

e

Hence,

étﬁ = 6‘ ‘1‘:3-5,
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Figure 4. Emissivity vs. water temperatu '+ a wind roughered W)
or a dead calm (Wy) sea ot o ant incidence angle.
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Knowing the emissivity at the standard water temperature and the standc:+!
incidence angle, the reference brightness temperature is calculated and the radio~

meter is corrected for variations in water temperature and incidence - le,

= é,:- ( G sz's)Tws

Brer

where TBREF is the reference brighiness temperature and € 5 (@s, Tws-) the
polarized emissivity at the standard incidcnce angle (Q',‘s, and the standard water

temperature (TW s) .

4,0 Algorithms

This section outlines in flow chart form the algorithms for computing the
attenuation and emissivities at 50° incident angle (subroutine ATM50), those at any
other i+ :.dence angle (entry point ATM), and the brighiness temperature translations
(subrout...: TRANSREF), These major routines, and others called internally, are
described and listed in Appendix A-1,



SUBROUTINE ATM50

T ER CALL DIECO/FRESNEL AT
ATTENJ"DEFLT| | SURFACE WATER TEMP. AND
ACTUAL INCIDENCE ANGLE

! Y

i=0 COMPUTE VERTICAL EMISSIVITY,
BRIGHTNESS TEMP, AND
EXCESS TEMP,

Y
CALL ATTENV

Y ,
CALL TATM (VERT. POLARIZATI"’T'\‘)-I

EH =
DEFLT

EV = VERTICAL EMISSIVITY

CALL HEXCESS EH = HORIZONTAL
EMISSIVITY
‘ ' ATTEN = ATTENUATION
COMPUTE HORIZONTAL i Qﬁé‘ﬁ@ INCIDENCE
EMISSIVITY AND BRIGHTNESS TEMP,
TW = SURFACE WATER
| | TEMPERATURE
) SAL = SALINITY
CALL TATM (HORIZ. POLARIZATION) | Tappy = VERTICAL
APPARENT TEMPERATURE
TAPPH = HORIZONTAL
—(RETURN APPARENT TEMPERATURE

DEFLT = DEFAULT VALUE



ENTRY POINT ATM .

YES =0
OR
=DEFL

NO

COMPUTE
TRANSMITTANCE,
ATTENUATION

EV = DEFLT

EV.EH.1 . berir | [CALL EPS (VERT. POLARIZATION)

ATTEN

W

OR TAPPH = EH = DEFLT

DEFLT
NO

CALL EPS (HORIZ. POLARIZATION)

»\RETURN) ==

- EV = VERTICAL EMISSIVITY
EH = HORIZONTAL EMISSIVITY
ATTEN = ATTENUATION
@ = ACTUAL INCIDENCE ANGLE
TW = SURFACF WATER TEMPERATURE
TAPPV = VER..CAL APPARENT TEMPERATURE
TAPPH = HORIZONTAL APPA (ENT TEMPERATURE
DEFLT = DEFAULT VALUE

e



SUBROUTINE TRANSREF
‘ EV = VERTICAL
EMISSIVITY
EH = HORIZONTAL
EMISSIVITY
6 = ACTUAL INC IDENCE

ANGLE
STDANG = STANDARD
INC IDENCE ANGLE
SAL = SALINITY
SALTW TW = SURFACE WATER
OR STDANG TEMPERATURE

)
YES

DEFLY, VREF = VERTICAL REFERENCE
NO BRIGHTNESS TEMPERATURE
HREF = HORIZONTAL REFERENCE
CALL DIECO/FRESNEL AT BRIGHTNESS TEMPERATURE

AT SURFACE WATER TEMPERATURE | DEFLT = DEFAULT VALUE
AND STANDARD INC IDENCE ANGLE

COMPUTE EMISSIVITIES

HREF
VREF

= DEFLT STANDARD WATER TEMP, AND

CALL DIECO/FRESNEL AT

STANDARD INC IDENCE ANGLE

|
COMPUTE EMISSIVITIES FOR‘I

STANDARD CONDITION!

'

COMPUTE CHANGL IN EMISSIVITY

YES

i

VREF = DEFLT

NO

TRANSLATE TO VRL!

YES
EH = DEFLT HREF = DEFLT |

NO

TRANSLATE i HELF

- eny-

1]
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ORIGINAL PAGE IS POOR



A B B o . i i

APPENDIX A-1

Description and Listing of Subroutines
Fortran 1V subroutines and a brief description of how to use them

are listed in this appendix, Each routine is documented internally for more detailed
user information. The equations and formulas shown in the programs are based on 3

derivations given in the text, with some modifications as to variable names.

MAJOR SUBROUTINES

Subroutine ATM50 A-1,1
This routine computes the polarized emissivities and attenuation for the

50° incidence angle case. Should input variables of incidence angle, water temp-
erature, salinity, or vertical apparent temperature be default, the output
variable will likewise be defaulted since all of these input quantities are necessary
to compute emissivity and attenuation. Vertical emissivity and attenuation are

computed independently of horizontal appc -ent temperature, so should horizontal

apparent temperature be default, a default value only for horizontal emissivity

will be returned along with computed values for vertical emissivity and attenuation.

Entry point ATM A=-1,2
This entry point in subroutine ATM computes the polarized emissivities and

attenuation for incidence angles other than 50°. The input and out; ut arguments are
identical with those in subroutine ATM50, The mean atmospheric temperature and
the opacity, which are constant at all incidence angles, are determined in ATM50

and are used here to determine the polarized emissivities and the attenuation.

Subroutine TRANSREF A=-1,3
This routine performs the reference brightness temperature translations

discussed in section I1. Input quantities of water temperature, salinity, incidence
angle, and standard incidence angle are required to calculate the Fresnel reflection
coefficients and, likewisc the emissivities, for a smooth sea, The values for
frequency and salinity arc specified in a DATA statement. The chonge in emis=
sivity in translating from the surface water temperature at the actual incidence
angle to the standard water temperature at the standard incidence angle is computed.
Then, by knowing the emissivities for a roughened sea, the standard emissivities and

the reference brightness temperature can be computed.



T e o e

o 70074 01 08-03-75 16.44A4 LABEL T
e 1 SUBROUTINE ATMSC (THETA, TH TAPV TAPHSALIEVIEH,ATTEN) ok
o) 2 [
| [5 3 c THIS ROUTINE COMPUTES THE POLAPIZED EMISSIVITIES AND
| 4 (il ATTENUATION AT 50 CEGREZS INCILENT ANGLE« THE INCIDENT o e A |
. 5 c ENGLE (THETA) AND WATER TEMPERATURE (TW) ARE CONVERTEZD
Y 6 c FROM DEGRIES TO RADIANS AND FROM DEGREES CENTIGRADE
' 7 ¢ 10 CEGREES KELVIN INTERNALLY. THE ROUTINE ALSO CHECKS s i
. 8 [ THE INPUT ARGUMENTS FOR CEFAULT VALUES. SHOULD THERE
' 9 c EXIST ANY DEFAULTED INPUT PARAMETERS, THE ROUTINE
A R __WILL RETURN CEFAJULT VALUES FOR THE CORRESPONDING
11 c CUTPLT PARAMETERS.
B 12 c
i 13 c INPUT PARAMETERS
e 14 c THETA = INCIDENT ANGLE (DEG) ‘
. 15 c TH = WATER TEMPERATURE (DEG C)
M6 C___ __ TAPV = VERTICAL APPLRENT TEMPERATURE (DEG K)
‘ 17 c T4PH = HORIZONTAL APPARENT TEMPERATURE (DEG K)
" 18 c SAL = SALINITY IN PPM
1 19 c OUTPUT PARAMETERS = -
' 20 c EV = VERTICAL EMISSIVITY {
x 21 c EH = HORIZONTAL EMISSIVITY
3 _22 G s X ~ ATTEN = ATTENUATION (DB = i
23 c INTERNAL FARAMETERS
a 26 c I = A FLAG WHICH IS SET TO DETERMINE WHETHER OR NOT
. 25 c ALL THE OUTPUT PARAMETERS ARE DEFAULTED FOR THE
= 26 c 50 DEGREI CASE. WMEN I=0, ALL THE 50 DZGREE CASE
. 27 c PARAMETE~S ARE DEFAULTEC ANC ThHERE IS NO NZED TO i
28, . € ., PERFDKM THF CALCULATIONS AT THE ENTRY POINT ATMe
v 29 c WHEH I=1, at. THE OUTPUT PARAMETER VALUES FGR THE !
5 30 c 50 {EGREL CASE ARZ NOT DEFAULT. I IS RESET To 1
x 31 e ~ FOR EA3CH NZW SCAN. i
32 c T RVRH = POLARIZED FRESMEL COEFFICIENTS i i
: 33 c GAMMA = TRAUSMITTANCE AT 5( DEGREES INCIDENT ANGLE !
36 € GAMANG = TRANSMITTANCE AT OTHZR INCIDENCE ANGLES |
. 35 c TABASV,TA3A2H = POLARIZED MEAN ATMOSPHERIC TEMP. e ﬂ
36 c TVAT,THAT = POLARIZED ATMOSFHERIC TEMPERATURES
> 37 c___ T = ATMOSPHERIC OPACITY - N e R L0
38 [ ’
39 COMPLEX RV,RH
- R~ DATA CEFLT/O37777777TTTTY R L e i
41 CATA FREQeI/Z13.941/
L2 IF(THETA.EQ.CEFLTOORUT".EQ.DEFLTQORQTAPVQEQ.UEFLY.OR.S‘LOEQ.DEFLT,
5 Ry e AREN 10 20 A N . _ ! . % S SnaEi
Loy c CONVERT INCIDENT ANGLE IN DEG 10 RADIANS
45 ANGRA[=THETA/57.3
46 c SN _CONVERT WATER TEMPZRATURE IN DG C TO DEG K
47 THK=TH+273.18
48 c CALOULATZ THE VERTICAL EMISSIVITY FOR
= Y e e = THE ZERO WIND CASE L CTRE Bfine, .y
50 CALL DIECC(FREQ.THKySAL)
51 CALL FRESNEL (ANGRAD RV yRH)
B ke RYM2=RV*CONJG(PV) S e ' < o ey § = & 1 e b
e
, S IR RSt (e o Sl e D 3 R S ot s ¥k N RSN NEES ST T e e b
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LABEL A

70074 04 08-03<75 16.lbé
. 53 A A e e L ~ - B
| 54 c CALCULATE VERTICAL BRIGHTNESS TEMPERA TURE
55 TBYSEV*THK
%% ¢ A S _ CALCULATE VZRTICAL EXCESS TEMPERATURE =
| 57 TVEX=TAPV=-TBY
58 CALL ATTENV(TVEX yTHETAGAHMA JATTEN,T)
89 CALL TATM (TVEA,GAMMA,THK,TAPV,TVAT,TABARV) A n o -
60 IF(TAPH.EG.SEFLT) GO TO 10
61 CALL HEXCESS(TVEX,THEX)
62 AR _CALCULATE HORIZONTAL BRIGHTNESS TEMPERATURE e
63 TSH=TLPH=THEX
| 64 c CALCULATE HORIZONTAL EMMISIVITY
65 i AR el -
; 66 CALL TATM (THEX,GAMME yTHK,TAPH, THAT 4 TABARH)
67 GO TO 30
; 68 10 EH=DEFLT s by :
i 69 GO 1O 30
‘ 70 20 EV=DEFLT
= 71 EM=DEFLT
‘ 72 ATTEN=DEFLT
| 73 1=0
i 74 5 RO RETURNE. s P p——. e
| 75 ENTRY ATM(THETAsTHoTAPV,TAPREV, EHy ATTEN)
: 76 c THIS ENTPY POINT CALCULATES THE POLARIZED
| 77 __C o EMISSIVITIES AND THE ATTENUATION FOR INCIOENT
78 c ANGLZ3 OTHER THAN 50 DEGREZS. THE MAIN R0UTINE
79 c IS CALLED ONCZI T3 OSTERMINE THE POLARIZED MEAN
86 G KTMOSPAE“IC TEMPZIRATURE  (TA2ARV AND TABAIM) AND THE
81 c ATMOSPATFIS OPACITY (T) FOR THE Sg DEZGREEZ CASE AND
82 ¢ SINGT THESZ LRGUMENTS ARE CONSTANT AT ALL OTHER
83 G INCIDENCE ANGLTSs THZ EMISSIVITIZS AND ATTENVATION
84 c MAY 3£ CETEXIMINED FOR ANY INSIOENT ANGLE.
85 c : :
86 IFtT.EQ.0.0R.THETALEQSDEFLY) GO TO 2O . )
87 ANGRAD=THETA/57.3
88 SECANG=14/C0S (ANGRAD)
SIESE T 0 B o ‘  CALCULATE THE TRANSMITTANCE ANp ATTENUATION
90 GAMLNG=Z XP (=SECLNG*T)
91 ATTEN==10.%AL0GL0 (GAMANG)
N U a8 T UTAPY S EQe I EELT sOR TRACODEELTI GO TO 80 oo 5o o fonimnils ol ol et
93 THK=TW+273.18
9% CiLL EPS (TAEARV.TAPV sGAMANG 4THK,EV)
SRR S e A PR e ey _ S g
9% 40 EV=DEFLT
97 5C IF(TAPH.EQ.OEFLT+IReTH.EQ.DEFLT) GO TO 60
3 98 THK=TW+27 2,18 = = 5 R Ny -
99 CALL EPS (TABARHTAPH,GAMANG \THK,EH)
100 G0 TO 80
101 PR LI g B TN e Jit L i L o ettt 4. L4 DS ey Sl
102 GO TO 80
103 70 EV=DEFLT
104 , _EH=DEFLT

e e —————————————————, ——— ——— — S——————————————

REPRODUCIBILITY OF THF

s S A o s et el e i - RS

-l e
.



ms  ATTEN=DEFLT
| r" I 80 PRETURN

70074 01 08-C3=75  16.bukb

LASECL

END
it ””‘N 1470 EQUALITY OR NON-EQUAL:TV COH’&R!SON MAY NOT BE MEANINGFUL IN LOGICAL IF EXPRE

F =
-

p—
- et

& Wi

.
T

c———
-
]

Pt

i ) s
20
i
(
| i JCRL e o o
-
f
n.
)
e
%
¥
-
¥ .
»
¥y
-
" it B s
p
.
x F3N) PRy i
o
-
-— - — o e— —_—— - - o — e . e e — e —— - — — ————- - -— - ———
“
.
@
- - PO e ety e
L
A e B AR YO AR B MR SIS
.
"
— — e i T A i WRETREERWRAIY i Eaiinite
L
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. ; SUBROUTIMNE TRANSREF (THySAL s THETA,STDANGEVEH, TBVREF y TBHREF )
g ¢ S A ey SV
‘ 3 c THIS ROUTINE CORRECTS THE RACIOMETER MEASUREMENTS
)| 4 c __BY TRANSLATING ThE DRAGHTNESS TEMFERATURE TO A .
. 5 c T REFERENCE BRIGNTWESS TEMPERATURE BASZD ON 290 DEGREE
' 6 c KELVIN WATER T<MPERATURE AND THE STANDARD ANGLE
' 7 c SPECIFIED.
' [ c
' 9 c INPUT FARLMZITERS
' 10 c TW = WATER TEMPERATURE (DEG C)
: 11 c SAL = SALINITY IN PPM
g 12 c THETA = INCIJDENT ANGLE (DEG)
" 13 _c STDANG = STLNDARD ANGLE (DEG)_
o 16 c EV = VERTICAL EMISSIVITY
e 15 c EH = HORIZONTAL EMISSIVITY
" 16 Q OUTPUT PARAMETZRS
" 17 TBVRIF = VIATICAL REFERENCE TEMPIZRATURE (DEG K)
' 18 c TBHRIF = HORIZONTAL REFERENCE TEMPERATURE (DEG K)
; 19 c m
" 20 DATA FREQ,T5/13.9,290./
: 21 OATA OEFLT/03777777777777
r__ 8 COMPLEX RVyRH e Tl — B AL S e
3 23 IF(EV.EQLDEFLTLANDLEHGENLDEFLT) GO TO 100
., 24 IF (TH.EQeDEFLT,0R,SALWEQeIEFLT40R THETALEQ.DEFLT 4 ORs STDANG «EQs DEFL
« 25 1T) GO TO 100 i, RS,
26 € 777777 CONVERT INCIDENT ANGLE IN DEG TO RADIANS
27 ANGRAD=THETA/57,3
= ! L P, PO _ CONVERT STANDAFRC INCICENT ANGLE L o SRS
' 29 c ~ IN DLGREES TO RACIAKS
' 3 SAR=STOANG/S57.3
3t ¢ _____ CONVERT WATER TEMPZRATURE IN DEG C TO DEG K E
32 THK=TW+273.18
33 c CALCULATE T4E FRESNEL COZFFICIINTS AND
3 ¢ o THE EMISSIVITIES AT TkI CELL WATER LA
35 c TEMPERATURE AND THE ACTUAL INCIDENT ANGLE
36 CALL DIZCO(FRED, TKySAL)
%7  CALL FRESKEL(ANGRADNRV,RHW) . M .
38 RVM2=FV*CONJG(RV)
39 RHM2=FH* CCNJG (RH)
[ S EPSLV=1,-FVM2 . T, Lo m y
41 EPSLH=1.=RHM2
L2 c CALCULATE THE FRESNEL COEFFICIENTS AND
L e T i - THE EMISSIVITIES AT ThZ STANDARD WATER .
[ c : TEMPERATURE (290 056G KELVIN) AND THE
45 c - STANCARD INCIDENT ANGLE
46 CALL DIECO(FREQ, T3,SAL) e =) 4 L
47 CALL FFESHEL (SARRV,RH)
(Y] RVMG2=5V*CONJG (RV)
K0k . RHMG2=F H*CONJG (RH) it e dars _ :
50 EFSLNV=14=RVMG2
51 EPSLNR=14 RHMG2
52 c . CALCULATE THE CHANGE IN EMISSIVITY BETWEEN

2
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70076 G1 08-(3-75  16.b47 LABEL T:
. 53 c THE STANDAR) AND CZLL WATER TEMPERATURES N
‘[ 54 DELEV=EPSLNV=EPSLV
" 55 DELEHMZEPSLNK=EPSLH
" 56 C . _IRANSLATE TO THE REFERENCE WATER TEMP, —
J 57 IF(EV.EQ.CEFLT) GO TO 50
', 58 ESV=EV+DELEV
‘ 59 TBVREF=TS*ESV S N
60 G0 TO 60 i
' 61 50 T3VREF=DEFLT
' 62 60 IF(EM.EN.DEFLT) GO TO 80
+ 63 ESH=Er+DELEH
| 64 T3HREF=TS*ESH
! 65 60 TO 200
) 66 80 TBHREF=DEFLT
. 67 G0 TO 200
" 68 100 T3VREF=DEFLT =
“ 69 TEMREF=JEFLT
y 70 200 RETURM
J i < . END

"“wsssey 14,70 SQUALITY 02 NCN-EQUALITY COMPARISCH MAY NOT BE MEANINGFUL IN LOGICAL IF EXPRESSIONS

-~

S— S e —— — e S S S —————n— S — ‘

— —_ —_— S e ———— . — e e — . — . S—— —

A5 . ;




ROUTINES CALLED BY THE MAJOR ROUTINES

Subroutine ATTENV _A-1.4
This routine which is called by ATM50 takes the 50° vertical excess tem=
perature cd returns the attenuation and the transmittance, The incidence angle

is then used in conjunction with the transmittance to obtain the atmospheric
opacity.
Subroutine HEXCESS A-1.5

This routine, which is called at the entry point ATM, takes the 50°
vertical excess temperature and returns the horizontal excess temperature.
Subroutine TATM _A-1.6

This routin , which is called ot the entry point ATM, takes the input

quantities excess temperature, transmittance, water temperature, and apparen
temperature, calc: 'ates the emissivity and atmospheric temperature and returns
a value for the mean atmospheric temperature for any incidenc. angle.
Subroutine "PS  A-1,7

This routine, which is ¢ 'led at the entry point ATM, caiculates the

emissivity at any incidence angle given the mean atmospheric temperature,
the apparent temperature, the transmittance, and the surface water temperature.
Subroutine FRESNEL A-1.8

This routine, called by both ATM50 und TRANSREF, computes the Fresnel

reflection coefficients for sea water given the incidence angle. This routine

must be initialized by calling entry point DIECO which computes the dielectric

constant for sea water, given the frequency, water temperature, and salinity.

B T ———



| - J TUOTH 0L 0B8=(3=75 16.469 LABEL
. 1 UBROUTINE ATTENV (TVEXSU,THETA,GAMS)4ATTNGD,T) L
ﬁi H ¢ THIS ROUTINE CALCULATES THMZ ATTENUATION,TRANSMITTANCE,
Y 3 c AND OPACITY AT 5. CEGREES INCIDENT ANGLE.
ol . ¢ SH¥ : s R
of ] c INPUT PARAMETERS
by 6 c TVEX5) = VERTICAL EXCESS TEMPERATURE
. 7 c AT 50 DIGREZS INCIDENT ANGLE (DEG K)
il (] c THETA = INCIDENT ANGLE (JEG)
-3 9 c OUTPUT PARAYETERS
: 10 c GAMS50 = TRANSMITTANC: AT 5 DEGREES ey
i ! 11 [ ATTN50 = ATTENUATION AT S0 DEGREES (0B)
o 12 c T = ATMOSPHEXIC OPACITY
Y 13 c e
" 14 X=TVEXS0
o 15 ATTNS =34217950335%X=0,00005559%X%%2¢0,000004331°X%*3
A i 16 _ GaMSL=1( **(=ATTN30/1C,) e =
o 17 RIDETHETA/57 43
[ 18 SEC=1,/COS(RAD)
4 19 T==(ALOG(GAMSC)) /SEC
b 20 RETURM
P s 21 END
‘P
I ' T e A bl SO e e - . ST
3 =
F
d 't o B
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" . x
- ol e e e PE=
| X o I
x — — —— - ——— ——— . S — . ————— i
o
>
! ERL = R : o Ll i D e e L e e L
lJ :
P 4
LB




e

- e - - - W W WS e L e I e I e e e T e I e e R S - . e o

70076 01 08-03-75 164459 . LABEL
SUBROUTINE MEXCESS(VH)

{,

( [ THIS ROUTINE CALCULATES THE WORIZONTAL EXCESS TEMPERATURE
’ : g AS A FUNCTION OF VERTICAL EXCESS TEMPERATURE.
»
. [ < "INPUT PARAMETER o T -
' 3 c V = VERTICAL EXCCSS TEMPERATURF (DEG K)
. 7 C . GUTPUT PARAMETER
y : g M = HORIZONTAL EXCESS TEMPERATUKE (DEG K)
. .
g 10 e . H=1,53102°Ve,00L4L7%V®%2-,000C8%V "3 o —
11 RETURM
M 12 END
o
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16.464

ol
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. 1 SUBROUTINZ TATM(TEX5C,GAMMA, TWK,TAPP, TATM50, TK) et I8
' 2 Cc THIS ROUTINE CALCULATES THE POLARIZED ATMQSPHERIC
2 3 c TEMPERATURE AT 50 CEGREES AN[ MCAN ATMOSPHERIC TEMP,
» & C
1 5 c INPUT PARAMETERS
s 6 c TEXS5J = EXCESS TCMPERATURE FOR S0
7 c ___ DESRZEZIS INCIIZENT ANGLE (DEG K) o B gy o it
' 8 Cc GAMMA = TRANSMITTANCE AT S50 OEGRIES INCIDENT ANGLE
L 9 Cc TWK = WNATER TEZMPIRATURE (CEG K)
I 10 (¥ ___ TAPP = POLARIZZOD APPARENT TEMPERATURE (DEG K)
r 11 Cc OUTPUT PARAMETEFRS
B 12 c TATM50 = POLARIZED ATMOSPHERIC TEMPERATURE (DEG K)
- 13 c TK = POLARIZ=0 MZAN ATMOSFHERIC TEMPERATURE J
14 c
15 ESO=(TAPP=-TEXS50) /THK
s 16 A=TEXSC -
r 17 B=GAMNA
18 C=E50
19 D=TWK el S8 UL S
20 TATMSO=(A=(5=1,)*C*D=2.7*B*3*(1,=C) 1/ (S* (1.~C)+1.)
21 TK=TATM50/(1 .~GAMNA)
o e (v 0] R L I SR Sl [ L D e s el o
23 END
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LABEL

70074 01 08-03-75
. 1 SUBROUTINE EPS(tK.TAPP.GAHANGoTuKoE)
g 2 c T THIS ROUTINE CALCULATES THE POLARIZED enxssxvva AT A
4 3 c GIVEN INCIDENT A&HGLE OTHER THAN 50 DEGREES.
1 4 c VI i . Py = [
X 5 e INPUT PARAMETERS
i 6 ¢ TK = POLARIZED MEAN ATMOSFHERIC TEMPERATLIRE
o) 7 c TLPP = POLARIZED APPALRENT TEMPERATURF (DEG K)
o 8 c GAMANG = T2ANSMITTANCE
. 9 c THWK = WATER TEMPIRATURE (DEG K)
g 1C ¢ OUTPUT PARAMETER
p :; g E = POLARIZED EMISSIVITY
A3 TATMSTK® (1,=GANANG)
5 14 A=TAPP
" 15 B=GAMANG
I 16 C=TATM
i 17 D=THK
E 18 E=(4=C*(B+1.)~ z.7~a~e)/(a‘(a-c- +7%8) =C)
I 19 RETURN
e 20 END
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70074 01 08-03-75 16475
. 1 SUBRCUTINF FRESNEL(THETA,RV,RW) =
f, 2 c THIS ROUTINE COMPUTES THE CLASSICAL
i 3 Cc FRESMEL REFLECTICN COEFFICIENTS FOR SEA WATER.
s, £ ¢ _ THIS SUBR0UTINE MUST BE INITIALIZED BY
iC 5 c CALLING THE SZCONDakY EMTRY ROUTINE DJIZCO.
' 6 c THE COMPLEX PESMITTIVITY IS COMPUTED 3Y DIECO.
. 7 c _______ONSE HEVING COMPUT:iD THE PERMITTIVITY FOR A PARTICULAR
- 8 c FREQUENCY (FREQ)y WAZTER TEMFZRATURE(TZMP), AND
¢ 9 c SALINITY(SAL), FRESNIL MAY BE CALLEC REPEATEDOLY
’ 10 Cc . FOR DIFFEZRENT ANGLES(THETA), =) - e
11 c
12 c INPUT PARAMETERS
# 13 c FREG X FREQUENCY N QG2 "~ = o e R
& 14 Cc TEMP = TEMPZRATURE(DEG K)
. 15 c SAL = SALINITY IN PPM
iy _16 C . THETA = INCIODENT ANGLZ (RADIANS) . 2
i 17 Cc QUTPUT PALRAMETERS
9 18 c kV = VERT, POL. FRESNEL COEFF. (CCMPLEX)
i 19 C_ — e ..____®H = HORT, POL. FRESNEL_ COEFF. (COMPLEX) & bl
g 20 OIMENSICH E(2)
& 21 EQUIVALENCE (E(1),ESP)
22 COMPLEY ISP,COST,SQyRV4RH oy
23 DATA FID/0.031L1592€57
24 COST=CMPLX(COS(THETA)40.3)
& 25 SQ=CSORT (ESP-CMPLX(SIN(THETA)®s2,0,00)
* 26 RV=(ECP*COST=-SQ)/(SSP*COS5T+SQ)
S 27 RH=(COST=-SQ)/(COST+SQ)
X . RETUPN -5 E L L1 - e LT A L T
- 29 ENTRY OIECO(FFREN,TEMF,SAL)
. 30 c THIS ENTRY POINT CCMPUTES THE DIELECTRIC CONSTANT
= w7 c FOR SEA WATEP, ALGO BASED ON PORTER®S WOPK (19371), o S
: 32 c (SEE SeTe WU AND AeKe FUNG'S REPORT NASA CR 2329),
33 Cc ; .
W | S o L T CONVERT SALINITYy TO NORMALITY (SEE STOGRYN IEEE _ e
" 35 c MTT AUG. 1971)
- 36 5 = SAL
e _37 S=((L.058E=-09*S+1,205E-05)"*S+1,707Eg=02)* L
. 38 T=TEMF=273.18
39 c NORMLLIZEN WAVELENGTH
— 40 = R1I=((Le0C147*T=0411)*T+3,384(0.0173%*T=(+52)*S)*FREQ/30.,0 g 23 v R -
%} c
W2 R2=(P1)**1,96
FrCTTL Y (—— R1=R1%*,98 Wee_ionligy - NN L ] M L S L
Ly C(2)=B34(=15:3%S=0,363°*T
L5 D=21.742,2%R1*PID#2
46 €(1)=L.8+E(2)*(1,0¢R2®*PID)NVO S
W7 SIG=(0412"T+5,0)%S¢0,04*T
L8 E(2)=1R,3*SIG/FRZQ+E(2)*R1/D
49 ___RETUPRN S - il e L R e S St I,
50 END
h
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APPENDIX A-2

Derivation of the Mean Atmosnheric Temperature

Tgky is defined s atmospheric contribution to apparent temperature
looking up through the atmospherc. Ty can be represented as the integral

AT S»((z)q\z
T~ D S‘\'(z)a((z) e

(2]

if the physical temperatures,

T(z)is the physical temperature at altitude z the attenuation and
‘“‘"65‘*(1)42 the transmittance with T = f =(2')d2’ being the
atmospheric opacity. Then,

4T = «(2)d 2

Now, TSKY is expressed as

To -TsecH
Tewy = S2e 6 f TCZ) 4T
Define TA (6) o} T _Teecl
- . (z)e
Ta (e)- j'tc, -Tsec® ¢
£

Using this value with the equa'ion for Tsky

— Tu ..‘ng:ceo

Integrating,

Toee = Ty () (1= = Tu@) p-ricel)

Sample calculations from ATRAD show fA to be virtually independent of 7.




REFERENCES

1. Fung, H.S., and T. P. Claassen, "The Temperature Sensitivity of the Ocean
Surface Emissivity at 13,9 GHZ", CRES Technical Report 254-4, University of
Kansas Center for Research, Inc., Lawrence, February 1974,

2. Hollinger, J. P., "Passive Microwave Measurements of Sea Surface Roughness",
1EEE Transactions, vol. GE=9, no. 3, pp. 165-169, July 1971,

3. Wu, S. T., and A. K. Fung, "A Theory of Microwave Apparent Temperature
Over the Ocean", NASA Contractor Report, NASA CR=-2359, November, 1973,

4. Computer program prepared by John Claassen, Remote Sensir j Laboratory, University
of Kansas.



	GeneralDisclaimer.pdf
	0056A02.pdf
	0056A03.pdf
	0056A04.pdf
	0056A05.pdf
	0056A06.pdf
	0056A07.pdf
	0056A08.pdf
	0056A09.pdf
	0056A10.pdf
	0056A11.pdf
	0056A12.pdf
	0056A13.pdf
	0056A14.pdf
	0056B01.pdf
	0056B02.pdf
	0056B03.pdf
	0056B04.pdf
	0056B05.pdf
	0056B06.pdf
	0056B07.pdf
	0056B07_.pdf
	0056B08.pdf
	0056B08_.pdf
	0056B09.pdf
	0056B09_.pdf
	0056B10.pdf
	0056B10_.pdf
	0056B11.pdf
	0056B11_.pdf
	0056B12.pdf
	0056B13.pdf
	0056B14.pdf
	0056C01.pdf
	0056C02.pdf
	0056C03.pdf
	0056C04.pdf
	0056C05.pdf

