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ABSTRACT

We derive a relatively simple model for the microwave brightness
temperature of sea—surface sun glitter. The model is an accurate close-
form approximation for the four-fold sun .llttor integral, The model
computations iadicate that sun glitter contamination of on—-or’it radiometer
moasuremonts is appreciable over a large swath area. For winds near
20 m/s, sun glitter affects the retrieval of environmental parameters for
sun angles as large ac 20°* to 25°, The model-predicted biases in retrieved
wind speed and sea-surface t‘onperaturo due to neglecting sun glitter are
consistent with those exporin’ontally observed in Seasat SMMR retrievals, A
leut-lquaru_ retrieval algorithm that uses a combined sea and sun model
function shows the potential 'of retrieving accurate environmental para-
meters in the presence of sun glitter so long as the sun angles and wind

speed are above 5° and 2 m/s, respoctively,
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SECTION 1. INTRODUCTION

Sea—surface sun glitter can be an important factor in the interpre-
tation of on-orbit microwave radiometer measurements. The sun is very hot
at microwave frequencies, being about 190,000 K at 1.4 GHz and falling off
to 7,000 K at 37 GHz. These high temperatures in conjunction with a gighly
reflecting sea surface make sun gli#tter a significant component of the
total :oa—surfueo'b:i;htnoss tomperature, When this sun glitter is within
a radiometer’s footprint, it must be accounted for in order to retrieve
accurate environmental parameters.

In this report we first develop s relatively simple model for compu-
ting the brightness temperature (TB) of the sua glitter. This model is a
closed-form approximation for the four-fold sun glitter integral, Using
the model, the sum glitter is calculated for & number of different viewing
goometries and wind speeds. To determine the model accuracy, these calcu-
lations are compared with those obtained by numerically integrating the
four-fold integral, Finally, we give an algoritka for retrieving onvifon—

mental purameters in the presemce of sun glitter.
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SECTION 2., A MODEL FOR THE MNICROVWAVE BRIGHTNESS TEMNPERATURE
OF SEA-SURFACE SUN GLITTER

The two—scale scattering formulation for the microwave brightness
temperature (TB) of sea—surface sun glitter is given by Wentz [1978]. The
formulation consists of two, 2-dimensional integrations, one over the sun's
solid angle and the other over the radiometer’s antgnna pattern, This
four-fold into;utioﬁ requires considerable computer time and makes analy-
sis difficmlt. To simplify the problem, we derive an accurate close-form
approrximation to the four—fold integral, The approximation takes advantage
of the fact that the angular widths of the sum and the antenna patterns we
consider are small, In the derivation v“o use the samo notation as in
Wentz [1978], except that tho subscript ® is denoted herein by subscript o,
the sun’s angular radius 4(9 is denoted by Aa, and the antenna angle e, is
denoted by B. Vken referring to equations in Wentz [1978], we use the
prime symbol, i.e., 8'. The roader should refer to Wentz [1978] for com~-

plete definitions of the symbols used herein, .
Our first approximation is to replace ’tho TB distribution of the sun

given by (8’) with a Gaussian distribution
To(k;) = T, w exp(-wa*/Aa*) (1)

wvhere T, is the sun’s mean TB' w is a shaping coefficient, a is the angle
(in radians) made by the unit vectors =k, and k,, and Aa is the angular
radivs (in radians) of the sun, The vector -k points from the sea surface
to the sun and varies over the sun’s solid angle. The sun vector k, is a

constant vector pointing from the surface to the sun’s center. A least-
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squares fit of (1) to (8') gives w = 1n 4, The Gaussian distribution is of

appreciable size only for small angles a, and hence a can be approximated

by .
@ = [0 + ()’ - o o - X ) k)’ (2)
w=k +k, (3)

The superscripts x, y, and z denote the three components of the vectors.
The z-axis points upward clong the normal to the mean sea surface,
The next approximation is for the ant2zna pattern given by (4'). The

. following expression replaces (4’):
G(kb,—k.) = G, exp(-p3/Ap3) (4)

wiisre G, is the boresighi gain, B is the angle between the unit vectors kb
and —k., and Ap is the 1/e angular radius of the antenna pattern, fﬁe
vector -k' points from the antenna to the sea surface and varies over the
solid angle of the antenna pattern. The vector kb is constant and points
along the boresight of the antenna towards the surface. The Gaussian
distribution is of appreciable size only for small angles B, and hence §

can be approximated by
pr = [(v®)® + (W) - & - X k)’ (s)

ve=k +k ‘ (6)
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The third approximation involves the sea—surfesce slopes given by (27')
and (28'). Tiis slope probability is apprecisbly only for small slopes and

hence the slopu can be approximated by

b 3
Z = -(k; - k)/(k§ - k) (7
z z
Z, = ~(x] - K]/ (kg - k) (8)

Approximations (1) through (8) are substituted into the four-fold
integral (2'). All other terms in the integrand, which are slowly va:yinl.'
are set to cpnstunt values assuming ki = -k, and t' - -kb. Having done
this, the integrand becomes a product of three bivariant Gavnssian distri-
butions, which are functions of the integration variables k:. ;'k{. k:, and

kZ' This integral has the following closed-form solution

T

g1t = To Aa® B [(1-ar—ct)/(t-e)1" exp(-A/B)A/BES S {))

where T;lt is the brighiness temperature of the sun glitter observed by the
antenna. This quantity is denoted by TA(kb,P) in Wentz [1978). The sea-

surface power reflectivity R is given in the next paragraph. The remaining

torms in (9) aro functions of the following:

1. The sun’'s mean brightness temperature T, in Kelvin

2. The sun's angular radius Aa in radians

3. The sun vector k, that points from the sea surface to the sun's
center

4, The antenna boresight vector kb that points from the antenna to

the surface
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5. The half-power antenna beam width w in radians

6. The large—scale sea~surface slope variance <Z3)

To simplify the notation herein, wo represent k, and kb by
x, = [1,0,0] ' (10)
kb - [l'o‘pt] (11)

where we have required that the sun vector lie in the x~z plane of the

chosen coo:dinﬁto systom, The terms A and B are given by
A= [0+ 8303](A,+A,+A,) + a3s3A, (12)

B = t3A3 + A3 + c3A3 + (1+4t3)A,A, + (c3+t3+adsgd)p A, + (1+03)A,A, (13)

A, = w3/(4 1n 2) (14)
A, = (t-c)3<Z%) (15)
A, = Aa%/1n 4 . (16)

The power reflectivity coefficient R is given by the vector dot pro-

ducts
~ oml? 3 Y | )
R = (1-p) (|PH| Inhl + |Pevl = 1) (17)

where P is the polarization mode vector of the antenna, X and V are the

i
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horizontal and vertical polarization vectoxs of the tilted sea—surface
facet, and lh and lv are the horizontal and vertical complex Fresnel re-
flection coefficients. The term p is the effective fractiomal coverage of
mon—~reflecting sea foam, For an }-»9ol observation, the polarization mode
vector is given by the following vector cross products:

¥

P= —kblelkble (18)

where Z is the z—axis unit vector, which is mormal to the mean sea surface,

For v-pol observations,

P = k x(kx2)/ |k xzl| . (19)

The local polarization vectors are givea by

N = -k xN/ |k aN| (20)
V=g xl (21)
N = (kyk)/Ixpky | ‘ (22)

where N is the local surface normal., The Fresnel coefficients Rh and Rv

are functions of the sea water dielectric constant s and tke local inci-

donce angle O1 given by

cos 6, = kK °N (23)

o I )

ey
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In summary, equation (9) and supporting equations (10) through (23)
give the brightness temperature of sun glittox reveived by an antenna as a

function of the following parametexs, which have been defined above:

1. Mean brightness temperature of the sun, T, (K)

2, Anguler radius of sun, Aa (radians)

3. Unit sun vector pointing from the sea surface to the sun, k,

4. Unit boresight vector pointing from the antenna to the surface, tb
8., Half-power antenna beam width, @ (radians)

6. Large-scale sea-surface slope variance, (%%

7. Dielectric constant of sea water, s

8. Effective fractionzl covsrage of sea foam, p
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SECTION 3., COMPUTATION OF SUN GLITTER BRIGHTNESS TEMPERATURES

In this section, tables of the sun glitter 'l‘n are computed using (9),
These computations from the simplified model are .then compared with those
obtained by numerically integrating the four-fold brightness temparature
squation. The computations require that the eight parameters listed at the
end of Section 2 be specified, Table 1 gives the values of the frequency
dependent parametars 'for the five Sessat SMMR frequencies., The dielectric
constant & of sea water, which is not shown in Table 1, also depends on
frequency, Its value is calculated according to the expressions given by
Klein and Swift [(1977] assuming a sea-surface t‘lpoutnn of 290 K and »
salinity of 34 ®/oo. Tue vaites ?t the sun’s mean brightness temperature
T, siven in Table 1 come from Stacey [1977]. The antenns half-power beam
width w axre those given by Njoku et al, [1980] for the Seasat SMMNR. The
slope variance coefficient g in Table 1 is ured to specify the large—scale

sea~surface slope variance <Z3) by msans of the following expression:
(Z3) = gU, (24)
where U, is the sea-susrface friction velocity, The g values come from

Wentz [1981)., The foam coefficient y accounts for the slight modification

of the sea—surface reflectivity due to sea foam via the expression
p = U, (25)

where p 13 the effective fractions]l coverage of non-reflecting sea foam,

The vy values come.from Wentz [1981].



Table 1. Fregquency Dependent Pirameters for the Sun Glitter Nodel

Freguency Sun T, Antenna Beamwidth Slope Variance Coeff. Foam Coeff.
(GHz) T, (l? ® (degrees) g (s/cm) v (s/cm)
-l -l
6.6 22000 4.53 3.57 x 10 6 x 10
10.7 15000 2.92 6.86 x 10 6x 10
18 11000 1.80 $.00 x 10" 7x10"
21 10000 1.50 9.05 x 10 7x10"
37 ~ 7090 0.93 12.23 x 10" 1 x10 "

ALITYNO HoOd 40
$1 20Vd UNIDIHO
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The remaining model parameters are the sun’s angular radius Aa, the
sun vectoer k,, and tho' antenna beresight vector xb. At microwave frequen-
cies the tun.'s angular radius is 0.293°, which is 10% greate: than the
optical angular radius [Aarons, 1965]. The two vectors k, and kb are
tu\ntqd as mnodel variables, The vectors’ components defined by (10) and
(11) are related to inuidence and azimuth viewing angles through the fol~-

lowing expressions:

a = sin @, (26)
c = cos 0, : (27)
= sin 0, cos ¢ (28)
s = sin 0, sin ¢ (29)
t = —cos 0, (30)

vhere 6, ani @,  are the incidence angles of the sun’s radistion and the

antenna boresight, respectively, relative to the mean sea surface. The

angle ¢ is ihe sngle made by the projection of k, onto the mean sea surface

and the projeotion of k, onto the moan sca surface. This angle is called

)
the relative azimuth angle. Henoe the model depends upon k, and tb through

6,, and 4. For the Scasat SMMR, the boresight incidence

b

angle O, is a constant 49°., Hence only 6, and ¢ are variabls.
b - »

Tables of tho: sun glitter brightness temperature that is received by

three angles, 6,

the SNMR antenna are given in the Appendix. There are 30 tables corres~
ponding to the five SMMR frequencies, two SMMR polarizations, and 3 viewinj

peometries (522x3=30). The polarxization dependence arisos because the

10
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Fresnel reflectivity is different for horizontsl and vertical polaxization,
with the horizontal polarixzation reflectivity being higher, The three

viewing geometries are the following:

1, The sun vector k, in the plane of incidonce of the boresight
vector kh s0o that & = 0°, and 0, varies from 49° to 79°,

2. The sun veotor Xk, in the plane of incidence of the boresight
veotor k so that $ = 0°, and 8, vaties from 49° to 19°,

3. The sun veotor k, not in the plane of incidence, ¢ varies from 0°¢

to 40.1°, and 6, 13 a constant 49°,

For each of these geometriés, the sun angle is defined as the angle made by
the sun vector k, and the reflection vector kt for the boresight veotor

refleoting off a specular sea surface. The refleotion vector is given by
K =k - 2(k 2)Z (31)
The dot product of kx snd k, defines the sun angle 0

cos O = kk.k‘

= sin O, sin 6 cos ¢ + cos 8, cos 6, (32)

In each of the 30 tables, the sun glitter TB is given for 30 sun
angles and 12 wind speeds. The sua angles 0 go from 0° to 30° in 1° steps.
Table 2 gives the 12 wind lp';dl and their corresponding friction velo-
cities assuming an anemometer height of 19,5 meters and a neutrally stable
atmosphere [Cardone, 1969]. A speculax surface is assumed for the zero

wind speed case,.

11



URIGINAL PAEE
AF POOR QUALITY,

'l‘al;lo 2. VWiné Speeds and Friction Vslocities

Wind Speed Friction Velocity

(m/s) U, (cm/s)

0 0

1 4.1

2 7.5

4 13.5

6 19.2

8 26.6
10 36.2
12 46.4
15 62.6
20 ‘ 92.9
25 124.2

30 159.4
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The tublo; show that significant sun glitter exists for sun angles out
to 25°, particularly at the lower frequencies and horizontal polarization.
This pexsistence of sun glitter at large angles means that a sun glitter
correction for an on-orbit radiometnr is required over a large swath area.
In the following section a correction technique for removing the sun
glitter contamination is described,

Sun glitter brightness temperatures are also computed by numerically
integrating the four—foid brightness temperature equation. The results
from the numerical integrations are then compared with those obtained from
the simplified model (9). For wind speeds above 5 m/s, the difference
between the integrats values and those given by (9) is 0.1 K or less. For
a wind speed 6! 2 m/s, the difference is about 0.1 K or 2%, whichever is
greatsr. For zero wind speed, the difference is about 1 K or 4%, whichever
is greater. Fo; low wind speeds and small sun angles, the percent errorz is
more meaningful because the magnitude of the sun glitter is very large.
Thess errors between the integral formulation and the close—~form expression
ir. certainly less than errors due to uncortainties in model parameters
such as the sun brightness temporature T, and the slope variance <Z3), In
view of its accuracy, approximation (9) is a very usoful tool for computing

and analyzing sea—-surface sun glitter,

13
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SECTION 4, SUN GLITTER CORRECTION ALGORITEM

Tho least—squares geophysical algorithm for the Seasat SMMR finds the
environmental parametsr vector P that minimizes the following sum of

squares:

10
808 = ) [N, - F(P,8;}}"/a3 (33)
i=1

where 'i is the Ty measurement, F(P.Oi) is the model functiom corresponding
to the l(i measurement, o1 is the observation vector for the measurement,
and Ai is the expected variance between the measurement :nd model function
due to measurcement and modeling error. The sumnntion'is over the 10 SMMR
channels whose footprints fall within a 150 km resolution cell, The envi-
ronmental vector P has four components: wind speed, sea—surface temper—
atare, atmospheric water vapor, and atmospheric liquid water, The obser-~
vation vector o:l consists of the sensor’s frequency, polarization, ‘and
viewing direction. The model function computes an expected value for the
moasuremont given the environmental and observation vectors.
When snz glitter is presont in the footprint of the radiometer, the

model function F(P,oi) should consist of two components
F(P.O‘) - p“.(r.oi) + F"m(r.oi) (34)
where F." is the brightness temperature model func¢ion for the sea and

intervening atmosphere and F_ _ is the model function for the sun glitter.

The ses TB modei function is given by Wentz [1981]. The sun model function

14
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wheze ’3‘;&: coxes Trow (2%, TRe tzazsaitiazces ﬂ%‘q?{@_{& and “’ti@a;?;%ﬁ
sroezzet for e stwosplesis rrazsmittamce aloxg the slaxt paik of e
izrcidexs selac zadistiox sad aloxg the slsxt patk of e axterss d2Qresight,
respectively., This two-wsy Irzzamitisscs faotor pedstes e sex glitter
wiex stmospresic stterzation is sipzificanmt, Te trazemittamce Deaction is
givez by Wezty [2%81] ix terms of the slaat patd imcidexce angle, the water
wapor coztest, the ligeid water comtext, axd the SKNR chammel. No*e rat
iz additios to ¥, O, axd comstant model parameters, the evaluaiion of the
sea glitter model fmactioz also regquires that the sun's incidemce amgle @,
and the relative aximuth angle § de knowa,

In priaciple, using the comdined sea and ;;n nodel funotion; rathex
that just the ses model function, should provide accurate eavironmental
parameters wvhem sunm glittser is presemt. Jn practice, the pexformamce of
the combined nodel depends on how accurately the model depiots the xeal
world. Determining the accuracy of the sun glitter model is a majoxr ef=
fort, requiring the processing of actual SMMR data snd subsequent analysils.
Such an effort is beyond the scope of this initial study, Howevex, we do
pexform some simple simulations to determine the magnitude of the sun
glitter effect on the geophysical retrieval aund to detexmine the conver-
gence chaszctaristics of the combined modeli funution, |

The simulitiors consider two viewing geometries, seven aun anglew,

L]

and s‘ix wind speeds. The two viewing geometries atfe:

135
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1. The sun vector in the plane of incidence of the boresight vector
so that ¢ = 0°, and 6, varies from 49° to 74°,
2. Tho‘oun vector not in the plane of incidence, ¢ varies from 0° to

33.3% and 6, 1s s constant 49°,

The seven sun anjles are 0¢, 2¢, 5¢, 10°, 15°, 20°, and 25°, The six wind
speeds are 0, 2, 5, 10, 15, and 20 m/s, .

In the first set of simulations, the combined ses and sun brightaess
temperatures are calculated from (34) for the 10 SNMR channels. The seoa
surface temperature, water vapor content, and liquid water content are set
at 290K, 3 g/cm3, and 10 mg/cm3, The 10 simulated brightness temperatures
are then processed by the least—~squares algorithm, However, the model
function used by tke least-squares algorithm contains only the sea TB
component, i.s,, ann i% set to zero in the least—squares algorithm, In
this way, we can determine the effect of neglecting sv~ glitter in the
geophysical retrieval. Tables 3 thron;h'G give the resulting errors in the
retrieved sexsurface temperature, wind speed, water vapor, and liquid
water, respectively.

As can be seen from the tables, the errors arec largest fo; low wind
speods and small sun angles and are smallest for low wind speeds and large
sun angles. For high wind speeds, the retrieval error is less sensitive to
the sun angle. The asterisks in Tables 3 through 6 for the two lowest sun
angles and wind speeds indicate that the least—squares algorithm did mot
converge because of the large sun ;ltttor contamination, The sun glitter
contamination always causes the wind estimate to be too high, Usually the
soa—surface temperature and water vapor are also biased high, although in
some 1nst;nco:‘they ar? biased lov, In general, the estimated liquid water

is too small, The wind spoed estimate is especially sensitive to sun

16
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Table 3. Error in Retrieved Sea-Surface Temperature (K) Due tv Sun Glitter

»

Sun Vector in Plane of Incidence

Sun Angle Wind Speed (m/s)
(deg)
0 2 -] 10 15 20
0 see see 3.1 3.7 0.2 -0.7
2 see see 3.0 3.5 0.0 -0.9
L] 5.7 3.9 4.4 3.4 -0.2 -1.1
10 0.0 3.0 4.9 3.8 -0.3 -1.2
15 0.0 0.1 1.0 2.0 -0.1 -1.2
20 0.0 0.0 0.1 0.6 0.3 -1.1
25 6.0 0.0 0.0 0.1 0.3 -0.8

San Voctor Not in Plnnoﬁof Incidence

Sun Angle Wind Speed (m/s)
(deg)
0 2 5 10 15 20
0 see see 3.1 3.7 0.2 -0.7
2 oo s 4.1 - 3.9 0.3 -0.7
s 4.9 8.6 7.2 4.6 0.5 -0.6
10 0.0 0.5 1.8 2.9 1.0 ~-0.3
15 0.0 0.0 0.1 0.7 1.0 0.0
20 0.0 0.0 0.0 0.1 0.4 0.1
25 | ‘ 0.0 0.0 0.0 0.0 0.1 9.1

17
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Table 4. Error ia Retrieved Wind Speed (m/s) Due tc Sun Glitter

Sun Vector in Plane of Incidence

Sun Angle VYind Speed (m/s)
(deg)
0 2 L 10 15 20
2\:
0 #ee Ll d 24.4 11.‘\4- 6.4 4.1
2 wee see 23.5 11.? 6.4 4.1
5 12.5 26.8 19.0 1o.z’x 6.1 4.0
10 0.0 7.6 9.4 7.0\ 5.0 3.5
15 0.0 0.5 3.1 3.9 \ 3.5 2.8
20 0.0 0.0 0.5 1.6 | 2.1 2.0
25 0.0 0.0 0.1 0.5 \% 1.1 1.3
Sun Veotor Not in Plane of Inoidenc‘:,g
Sun Angle Wind Speed (m/s)
(deg) ,
0 2 5 10 15 20
0 sue eoe 24 .4 11.4 6.4 4.1
2 s *as 22.3 10.9 ’\6 .3 4.0
5 10.4 17 .4 14.2 8.5 5.4 3.6
10 0.0 0.8 3.1 3.6 3\.\»1 2.5
15 0.0 0.0 0.1 0.7 1.2 1.3
20 0.0 0.0 0.0 0.1 0.3 0.5
25 0.0 0.0 0.0 0.0 0.0 0.2

18
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Table 5. Rrror in Retrieved Water Vapor (g/cm?®) Due to Sun Glitter
Sun Vector in Plane of Yncidence
Sun Angle Wind Speed (m/s)
(deg) ,
(1] 2 5 10 15 20
0 ssee MLl L 1.08 0.44 0.43 0.36
2 sses LAl L 0.99 0.43 0.43 0.36
5 0.39 0.60 0.52 0,32 0.39 0.35
10 0.00 ~-0.26 -0.13 0.04 0.27 0.29
20 0.00 -0.01 -0.05 ~0.07 0.01 0.12
28 0.00 0.00 -0.01 -0,05 -0.04 0.06
Sun Vector Not in Plane of Incidence
Sun Angle Wind Speed (m/s)
(deg)
0 2 5 10 15 20
o ‘.“ ‘... 1.08 0-4‘ 043 0'36
2 snen stse 0.86 0.39 0.41 0.35
5 0.33 -0.03 0.12 0.17 0.32 0.31
10 0.00 -0.07 -0.12 -0.06 0.10 0.18
15 0.00 0.00 -0,03 -0.07 -0,04 0.06
20 0.00 0.00 0.00 -0.03 -0.04 0.00
25 0.0C 0.00 0.00 -0.01 -(.02

-0.02,

19
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Table 6, Error in Retrieved Liquid Water (mg/cm*®) Due to Sun Glitter
Sun Vector in Plane of Incidence
Sun Angle Wind Speed (m/s)
(deg)
0 2 5 10 15 20
0 e *ee -58.3 -28.3 ~18.4 ~13.5
2 se0 son "54.5 -210‘ -1802 -13 '4
5 -27 o, -‘6 ,o‘ "38.6 "'23 02 -16 07 —12 08
10 0.0 106 -8.4 _11n9 -12.3 -1007
15 0.0 2.0 105 "'301 "7-0 "101
20 0.0 0.2 1.4 0.1 ' -2.7 -4.8
25 0.0 0.0 004 009 -004 "205_
Sun Vector Not in Plane of Incidence
Sun Angle Wind Speed (m/s)
(deg)
0 2 5 10 15 20
0 sse s -58 .4 © =28.3 ~18.4 -13.5
2 ses L L1 -51.6 -26.5 -17.7 -13.2
5 =22 .4 -22 .7 -24 .5 -18.1 ~-14.5 "1153"&
10 000 1.1 1.1 -3 .7 —605 -1-2
15 0050 0-1 101 1.2 -0-1 -2.9
20 0.0 0.0 0.1 0.9 0.9 -0.4
25 0.0 0.0 0.0 0.3 0.7 0.5

20

ssSapbiiing.



ORIGINAL PAGE IS
OF POOR QUALITY,

glitter because of the similarity between the wind speed microwave signa-
ture and the sun glitter signature. The change in Th due to wind speed and
that due to sun glitter are both laxger for horizontal polarization than
vertical polarization. As mentioned before, for high '1nd.lp00dl the sun
glitter is a significant factor even for sun angles as large as 20° or 25°,

The predicted biases in wind speed and sea—surface temperature due to
neglecting sun glitter have been experimontally observed in the Seasat SMMNR
data. VWentxz et al. [1982] dincusses how sum glitter in the North Atlantic
causes the SMMR-inferred wind speeds to be high relative to the winds
inferrsd by the Seasat Scatterometer SASS. In another study, SMMR-inferred
sea~surface temperatures for sun angles betwien 10° and 25° in the North
Contal Pacific were biased 1 K high relative to XBT moasurements. The
typical wind speed for these North Central Pacific measurements was about
10 m/s, and hence the observed 1 K bias is consistent with that shown in
Table 3 for sun angles between 10° and 25°¢,

The second set of simulations are the same as the first except that
the combined sea and sun TB model is used in the retrieval algorithm,
Since tho samc model is used to generate the data and invert the data, ome
expeots perfect retrievals, For all cases except the threo smallest sun
angles and the two lowest wind speeds, perfect retrievals are indeed ob-
tained. However for sun zngles of 0%, 2°, and 5* and vind speeds of 0 and
2 m/s, the least—squares ll;;ri;h- does not converge due to the strong non—
linearity of the .un'rn function that ocours for these cases, These clo-
sure simulations establish the foasibiliy of retrieving accurate envi-
ronmental parameters in the presence of sun glitter so long as the sun

angle and wind speed are not too small,

21
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SECTION 3. CONCLUSIONS

Pased on the results of this study, we conclude the following:

1, The four—fold integral for the brightness temperature of sun glitter

can be accurately approximated by a close~form expression,

2. Sun glitter contamination of on-orbit microwave radiometer measurements
is appreciable over a large swath area, At high wind speeds near 20 m/s,
the retrieval of environmental parameters is affected by sun glitter for

sun angles as large as 20° to 25°,

3. The estimation of wind speed, as compared to other environmental para-

meters, is moit sensitive to stn glitter,

4. The predicted biases in retrieved wind speed and sea-surface tempera-
ture due to neglecting sun glitter are consistent with those experimentally

observed in the Seasat SMMR retrievals.
5. Closure simulations establish the feasibility of retrievirng sccurate

environmental parsmeters in the presence of sun glitter so long as the sun

angle and wind speed are above 5° and 2 m/s, respectively,

22
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SUN GLITTER TB (KELVIN) RECEIVED BY SMHK ANTENNA. FREZ = 'é.éfPOL = {
SUN INCIDENCE ANGLE = 49 TO0 79 DEG. SUN AZIMUTH ANGLE = CONSTANT O DEG.

SUN WIND SFPEED (M/S)

ANGLE 0 1 2 4 6 8 10 12 15 20 25 30
(DEG) *
0 126.6 45.8 30.2 18.9 13.9 10.3 . 7.7 6.1 4.5 3.1 2.2 1.7
1 108.1 43.5 29.1 18.4 13.7 10.2 .6 6.0 4.5 3.0 2.2 -"1.7
2 71.6 38.4 26.8 17.5 13.1 9.9 7.5 S.9 4.4 3.0 2.2 1.7
3 37.5 31.5 23.6 16.1 12.4 9.4 7.2 5.7 4.3 2.9 2.2 1.7
4 15.7 24.1 19.9 14.5 11.4 8.8 6.8 S.3 4.2 2.9 2.1 1.6
5] 5.4 17.2 146.0 12.7 10.3 8.2 6.9 5.2 4.0 2.8 2.1 1.6
é 1.5 11.4 12.3 10.7 ?.1 7.5 6.0 9.0 3.8 2.7 2.0 1.6
7 oh 7.1 9.1 8.9 7.9 6.7 5.5 4.6 3.7 2.6 2.0 1.5
8 «1 4.2 6.4 7.1 6.7 6.0 9.1 4.3 3.4 2.5 1.9 1.5
9 .0 2.3 4.3 9.6 S.6 9.2 4.6 4.0 3.2 2.4 1.8 1.4
10 -0 1.2 2.8 4.3 4.6 4.5 4.1 3.6 3.0 2.3 1.8 1.4
11 .0 6 1.7 3.2 3.7 3.8 3.6 3.3 2.8 2.1 1.7 1.4
12 .0 «3 1.0 2.3 2.9 3.2 3.1 2.9 2.6 2.0 1.6 i.3
13 .0 .1 b 1.6 2.2 2.6 2.7 2.6 2.3 1.9 1.5 1.2
14 .0 .0 «3 1.1 1.7 2.1 2.3 2.3 2.1 1.8 1.5 1.2
15 .0 .0 2 -7 1.2 1.7 1.9 2.0 1.9 1.6 1.4 1.1
16 .0 -0 -1 -9 «? 1.3 1.6 1.7 1.7 1.5 1.3 1.1
17 .0 -0 .0 .3 b 1.0 1.3 1.5 1.5 1.4 1.2 1.0
i8 .0 .0 .0 .2 -9 -8 1.1 1.2 1.3 1.3 1.1 1.0
19 .0 .0 .0 .1 -3 «b «? 1.0 1.2 1.2 1.1 -9
20 .0 .0 .0 .1 2 «4 7 «? 1.0 i.1 1.0 «9
21 .0 .0 .0 ) «1 «3 5 -7 -9 -9 .7 .8
22 .0 .0 .0 .0 -1 .2 » 4 «6 .8 .8 .8 .8
23 .0 0 -0 .0 .1 «2 «3 3 «b .8 . .8 «7
24 0 .0 0 -0 .0 .1 2 4 - 4 «7 «7
25 .0 .0 .0 .0 ° .0 el -2 -3 oS -6 b b
26 .0 .8 .0 .0 .0 «1 .1 -2 -4 ] -6 b
27 .0 -0 .0 .0 .0 -0 .1 =2 «3 3 «9 -9
28 .0 <0 <0 .0 0 .0 «1 «1 -3 _ 3 «S
29 -0 .0 .0 .0 .0 .0 -1 «1 .2 «3 b 4
30 8 .0 .0 <0 -0 .U .0 «1 .2 -3 <4 o4
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SUN GLITTER TE (KELVIN) RECEIVED BY SMMR ANTENNA.

SUN INCIDENCE ANGLE = 49 TG 29 DEG.
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCE ANGLE = CONSTAMNTY 49 DEG.

E 0
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA. FREQ = 6.6 POL = H
SUN INCIDENCE ANGLE = 49 TO0 7% DEG. SUN AZIMUTH ANGLE = CONSTANT 0 DEG.

SUN WIND SPEED (M/S)
ANGLE 0 1 2 4 é 8 10 12 1% 20 25 30
(DEG)
0 187.9 67.9 44.8 28.0 20.7 15.3 11.5 9.0 6.7 4.6 3.3 2.9
1 162.0 635.2 43.6 27.6 20.5 15.2 11.5 9.0 6.7 4.6 3.3 2.5
2 108.5 58.1 40.6 26.5 1%9.9 14.9 11.3 8.9 6.7 4.5 3.3 2.5
3 57.4 48.2 36.2 24.7 18.9 14.4 11.0 8.7 6.6 4.5 3.3 2.5
4 24.3 37.3 30.7 22.4 17.6 13.7 10.6 8.5 b.4 4.4 3.3 2.5
] 8.4 26.9 25.0 19.8 16.1 12.8 10.1 8.2 6.3 4.4 3.2 2.3
é 2.4 18.1 19.5 17.0 14.4 11.8 9.5 7.8 6.1 4.3 3.2 2.9
? 6 11.4 14.5 14.2 12.7 10.8 8.9 7.4 5.8 4.2 3.1 2.4
8 .1 6.8 10.4 11.6 10.9 ?.7 8.2 7.0 9.6 4.1 3.1 2.4
9 .0 3.8 7.1 9.2 9.2 B.5 7.5 6.5 5.3 3.9 3.0 2.4
10 -0 2.0 4.7 7.1 7.6 7.4 6.7 6.0 5.0 3.8 2.9 2.3
11 -0 1.0 2.9, 5.3 6.2 6.4 6.0 5.5 4.7 3.6 2.8 2.3
12 .0 .4 1.8 3.9 4.9 D4 5.3 5.0 4.4 3.4 2.7 2.2
13 .0 -2 1.0 2.8 3.9 4.5 4.6 4.5 4.0 3.3 2.6 2.2
14 «0 | b 1.9 3.0 3.7 4.0 4.0 3.7 3.1 2.5 2.1
15 .0 -0 -3 1.3 2.2 3.0 3.4 3.5 3.4 2.9 2.4 2.0
16 .0 .0 2 «? 1.6 24 2.9 3.1 3.1 2.7 2.3 2.0
17 .0 .0 «1 b 1.2 1.9 2.4 2.7 2.8 2.6 2.2 1.9
i8 «0 .0 .0 .4 .8 1.9 2.0 2.3 2.9 2.4 2.1 1.8
19 .0 .0 -0 2 «6 1.1 1.6 2.0 2.2 2.2 2.0 1.7
20 .0 .0 -0 .1 -4 .8 1.3 1.7 2.0 2.0 1.9 1.7
21 .0 .0 .0 -1 «3 ) 1.1 1.4 1.7 1.8 1.8 1.6
22 .0 .0 .0 -0 «2 S .8 1.2 1.5 1.7 1.6 i.5
23 .0 .0 N -0 .1 -3 -7 1.0 1.3 1.5 1.5 1.4
24 .0 -0 .0 .0 .1 -2 .9 .8 1.1 1.4 1.4 1.4
235 -0 .0 .0 .0 -0 -2 -4 -6 1.0 1.2 1.3 1.3
26 .0 .0 .0 -0 .0 .1 .3 5 .B 1.1 1.2 1.2
27 .0 .0 .0 «0 .0 «1 2 b -7 1.0 1.1 1.1
28 .0 .0 .0 .0 .0 «1 .2 «3 6 .9 1.0 1.1
29 .0 .0 .0 .0 -0 .0 .1 -3 <9 .8 .7 1.4
30 .0 .0 .0 .0 .0 .0 .1 -2 -4 7 .9 -9
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SUN GLITTER TB (KELVIN) RECEIVED BY SHMMK ANTENNA.
SUN INCIDENCE ANGLE =
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SUN GLITTER TR (KELVIN) RECEIVED BY SHMR ANTENNA.
SUN INCIDENCE ANGLE = CONSTANT 49 DEG.
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SUN GLITTER_TB_(KELVIN) RECEIVED BY SMBR ANTENNA.
SUN INCIDENCE ANGLE

SUN
* ANGLE
(DEG)
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| SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA. FREQ = 10.7 POL =V
SUN INCIDENCE ANGLE = 4% TO0 29 DEG. SUN ARZIAUTH ANGLE = CONSTANT 0 DEG.

SUN " WIND SPEED (f/S)
ANGLE (1] 1 2 4 é 8 10 12 15 20 25 30
(DEG) -
0 200.1 22.5 13.0 7.5 5.3 3.8 2.8 2.2 1.6 1.1 .8 .6
1 148.5 22.2 12.9 7.5 5.3 3.9 2.8 2.2 1.6 1.1 .8 .6
2 56.1 20.8 12.5 7.4 5.3 3.8 2.8 2.2 1.6 1.1 .8 .6
3 10.4 18.% 11.8 7.1 5.2 3.8 2.8 2.2 1.6 1.1 .8 3
4 .2 15.7 10.8 6.8 5.0 3.7 2.8 2.2 1.6 1.1 .B .6
S 0 12.7 9.6  b.4 4.8 3.6 2.7 2.2 1.6 1.1 .8 .6
é .0 9.7 8.2 5.9 4.5 3.5 2.7 2.1 1.6 1.1 .8 .é
7 .0 7.1 6.9 5.3 4.3 3.3 2.6 2.1 1.6 1.1 .8 .6
8 0 4.9 5.6 4.8 3.9 3.1 2.5 2.0 1.5 1.1 .8 .6
9 0 3.2 4.5 4.2 3.6 3I.O 2.4 1.9 1.5 1.1 .8 -6
10 0 2.0 3.4 3.6 3.3 2.8 2.3 1.9 1.5 1.0 .8 .b
11 .0 1.2 2.6 3.1 .2.9 2.5 2.1 1.8 1.4 1.0 .8 b
12 .0 7?7 1.9 2.6 2.6 2.3 2.0 1.7 1.4 1.0 .8 '3
13 .0 4 1.3 2.1 2.2 2.1 1.9 1.6 1.3 1.0 .8 .6
14 .0 .2 .9 1.7 1.9 1.9 1.7 1.5 1.3 1.0 .7 3
15 .0 -1 b6 1.4 1.7 1.7 1.6 1.5 1.2 .9 .7 .6
16 .0 .0 .4 1.1 1.4 1.5 1.5 1.4 1.2 .9 .7 b
17 .0 .0 .2 .8 1.2 1.3 1.3 1.3 1.1 .9 .7 b
18 .0 .0 .1 .é 1.0 1.2 1.2 1.2 1.1 .9 .7 .6
19 .0 .0 .1 .5 .8 1.0 1.1 1.1 1.0 .8 .7 .5
20 .0 .0 .0 .3 s .9 1.0 1.0 .9 .8 .7 .5
21 .0 .0 .0 .2 .5 .7 .9 .9 .9 .8 & .5
22 .0 .0 .0 .2 .4 b .8 .8 .8 .7 .6 .5
23 .0 .0 .0 .1 .3 .5 .7 .7 .8 .7 .6 <5
24 .0 .0 .0 .1 .2 b 3 o7 -7 .7 b .5
25 .0 .0 .0 .1 .2 .3 . .5 3 .7 .6 b .5
26 .0 .0 .0 .0 .1 .3 o4 .5 .6 .6 .5 .5
27 .0 .0 °* .0 .0 o1 .2 4 .5 .5 b .5 .5
28 - .0 .0 .0 .0 .1 .2 .3 -4 .5 .5 .5 o4
29 .0 .0 .0 .0 .0 .1 .3 A .5 .5 .5 -4
30 .0 .0 .0 <0 .0 1 .2 .3 <4 .5 .5 <4
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SUN GLITTER TB (KELVIN) RECEIVED BY SHNR ANTENNA.
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA.
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= H
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SUN GLITTER TE (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCEZ ANGLE = 49 706 29 DEG.

FREQ = 10.7 POL = H
SUN AZINUTH ANGLE = CONSTANT 0 DEG.

RGBSy o AT

SUN WIND SPEED (M/S)
ANGLE 0 1 2 4 é 8 10 12 15 20 25
(DEG)
0 301.3 33.9 19.6 11.3 6.0 9.8 4.3 3.3 2.4 1.6 1.2
1 221.4 33.1 19.3 11.1 7.9 5.7 4.2 3.3 2.4 1.6 1.2
2 82.8 30.7 18.3 10.9 7.8 a7 4.2 3.3 2.4 1.6 1.2
3 15.2 27.1 17.2 10.4 7.6 5.5 4.1 3.2 2.4 1.6 1.2
4 1.3 22.7 15.6 ?.8 7.3 9.4 4.0 3.2 2.3 1.6 1.2
9 -1 18.2 13.7 9.1 6.9 J5.2 3.9 3.1 2.3 1.6 1.1
6 .0 13.8 11.7 8.4 6.5 4.9 3.8 3.0 2.3 1.5 1.1
7 .0 9.9 9.7 7.5 6.0 4.7 3.6 2.9 2.2 1.5 1.1
8 .0 6.8 7.9 6.7 9.9 4.4 3.5 2.8 2.1 1.5 1.1
9 -0 4.4 6.2 5.8 S5.0 4.1 3.3 2.7 2.1 1.5 1.1
10 -0 2.7 4.7 3.0 4.5 3.8 3.1 2.6 2.0 1.4 1.1
11 .0 1.6 3.9 4.2 4.9 3.5 2.9 2.4 1.9 1.4 1.1
12 .0 -9 2.9 3.5 3.5 3.2 2.7 2.3 1.9 1.4 i.0
13 .0 -] i.8 2.8 3.0 2.8 2.5 2.2 1.8 1.3 1.0
14 .0 2 1.2 2.3 2.6 2.9 2.3 2.0 1.7 1.3 1.0
15 .0 «1 -3 1.8 2.2 2.3 2.1 1.9 1.6 1.2 1.0
16 .0 -0 S 1.4 i.8 2.0 1.9 i.8 1.5 1.2 -9
17 .0 .0 -3 1.1 1.5 1.7 1.7 1.6 1.4 1.1 -9
18 .0 -0 «2 .8 1.2 1.5 1.6 1.5 1.4 1.1 -7
19 .0 -0 -1 ) 1.0 1.3 1.4 1.4 1.3 1.1 -9
20 .0 .0 «1 -4 -8 1.1 1.2 1.3 1.2 1.0 .8
21 .0 .0 -0 «3 .6 .9 1.1 1.1 1.1 1.0 .8
22 .0 .0 .0 «2 -0 .8 1.0 1.0 1.0 -9 «8
23 .0 .0 -0 -1 b o6 .8 «? 1.0 «9 -7
24 .0 .0 «0 -1 «3 <5 -7 .8 .7 -8 -7
2 .0 .0 -0 -1 «2 -4 -6 7 .8 .8 -7
26 .0 .0 -0 .0 «2 -3 «9 -6 «7 4 -7
27 .0 .0 .0 -0 «1 3 oh -6 7 -7 -6
28 .0 «0 .0 .0 -1 -2 o4 «9 b -6 &
29 .0 7 -0 .0 1 -2 3 . S -6 -6
30 .0 .0 -0 .0 -0 .1 -3 4 3 -6 «3
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SUN GLITTER TR (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCE ANGLE = CONSTANT 49 DEC.

SUN
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCE ANGLE =

SUN
ANGLE
(DE%)

CENOUN DWW D

0
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCE ANGLE = 49 T0 29 DES.

FREQ = 18.0 POL = V
SUN AZIMUTH ANGLE = CONSTANT 0 DEG.

SUN WIND SPEED (N/S)
ANGLE 0 1 2 4 é 8 10 12 15 20 5
(DEG)
0 353.7 14.6 8.1 4.6 3.2 2.3 1.7 1.3 1.0 .6 .5
1 158.8 14.4 8.1 4.6 3.2 2.3 1.7 1.3 1.0 iy .5
2 12.9 13.5 7.8 4.5 3.2 2.3 1.7 1.3 1.0 .6 .5
3 .2 12.2 7.4 4.4 3.2 2.3 1.7 1.3 1.0 .7 .5
4 .0 10.5 6.9 4.2 3.1 2.3 1.7 1.3 1.0 .7 .5
s .0 8.7 6.2 4.0 3.0 2.2 1.7 1.3 1.0 .7 .5
é .0 6.8 5.5 3.7 2.8 2.f 1.6 1.3 1.0 .6 .5
7 0 5.1 4.7 3.4 2.7 2.1 1.6 1.3 .9 .6 .S
8 .6 3.7 3.9 3.1 2.5 2.0 1.5 1.2 .9 .6 .5
9 .0 2.5 3.2 2.8 2.3 1.9 1.5 1.2 .9 .6 .5
10 .0 1.7 2.5 2.5 2.1 1.8 1.4 1.2 .9 6 .S
11 .0 1.0 2.0 2.1 1.9 1.6 1.4 1.1 .9 3 .5
12 .0 6 1.5 1.8 1.7 1.5 1.3 1.1 .9 .6 .5
13 .0 .4 1.1 1.6 1.6 1.4 1.2 1.0 .8 .6 .5
14 .0 .2 .8 1.3 1.4 1.3 1.1 1.0 .8 .6 -4
15 .0 .1 5 1.1 1.2 1.2 1.1 .9 .8 .6 .4
16 .0 .0 .4 .9 1.0 1.1 1.0 .9 7 .6 -4
17 .0 .0 .2 .7 .9 .9 .9 .8 .7 .6 -4
18 .0 .0 .2 .5 .7 .8 .8 .2 .7 .5 -4
19 .0 .0 .1 4 b .7 .8 .7 .7 .5 4
20 .0 .0 .1 .3 .5 .6 .7 .7 .6 .5 -4
21 .0 .0 .0 .2 -4 .6 .6 .6 .6 .5 -4
22 .0 .0 .0 .2 .3 5 .6 .6 .6 .5 o4
23 .0 .0 .0 .1 .3 .4 .5 .5 .5 .5 .4
24 .0 .0 .0 .1 .2 .4 .4 .5 .5 -4 .4
25 0. .0 .0 .1 .2 .3 -4 <4 .5 -4 -4
26 0. .0 .0 .0 .1 .2 .3 .4 4 -4 .3
27 0. .0 .0 .0 .1 .2 .3 b .4 -4 .3
28 0. .0 .0 .0 .1 .2 .3 .3 4 .4 .3
29 0. .0 .0 .0 .1 .1 .2 .3 .3 .3 .3
30 0. .0 .0 .0 .0 .1 .2 .3 .3 .3 .3
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA. FRE@ = 18.0 POL =V
SUN INCIDENCE ANGLE = CONSTANT 49 DEG. SUN AZINUTH ANGLE = 0 T0 40.1 DEG.

SUN WIND SPEED (M/S)
ANGLE 0 1 2 4 6 8 10 12 15 20 25 30
(DEG) )
0 353.7 14.6 8.1 4.6 3.2 2.3 1.7 1.3 1.0 .6 S
1 157.0 13.9 7.9 4.5 3.2 2.3 1.7 1.3 1.0 -6 -9
2 13.7 11.9 7.3 4.3 3.1 2.2 i.?7 1.3 1.0 .6 9
3 .2 9.3 6.3 4.0 2.9 2.2 1.6 1.3 -9 -6 .9
4 .0 6.6 5.2 3.6 2.7 2.0 1.6 1.2 -9 b .S
5 .0 4.2 4.1 3.1 2.5 1.9 1.5 1.2 -9 «b b
é .0 2.4 3.0 2.6 2.2 1.8 1.4 1.1 «? .6 .4
7 «0 1.3 2.1 2.1 1.9 1.6 1.3 1.1 -8 -6 4
8 -0 b 1.4 1.7 1.6 1.4 1.2 1.0 .8 «6 b
9 .0 -3 4 1.3 1.3 1.2 1.1 -9 .8 b o4
10 .0 .1 -9 1.0 1.1 1.1 1.0 «? -7 -3 .4
11 .0 .0 3 .7 «? Y «9? -8 7 -3 «h
12 «0 .0 «2 -9 -7 -8 .8 7 b ] .4
13 .0 .0 -1 -3 «S ) .7 7 b .3 b
14 .0 .0 .0 2 . «9 .6 «6 -3 4 4
15 .0 .0 .0 .1 «3 = .9 ] - b -4
16 -0 .0 .0 «1 -2 «3 -4 9 «9 4 -3
17 .0 -0 -0 -1 -1 -3 -3 «h -4 oh «3
i8 .0 -0 .0 -0 <1 .2 «3 3 -4 .4 -3
19 .0 -0 .0 .0 -1 .1 -2 3 «3 -3 «3
20 .0 .0 .0 «0 .0 | 2 2 3 .3 «3
21 .0 .0 .0 -0 .0 -1 .2 2 -3 -3 «3
22 .0 -0 .0 .0 .0 -1 .1 «2 2 -3 «3
- 23 -0 .0 -0 .0 .0 «D .1 «1 « 2 «2 2
24 .0 .0 .0 .0 .0 <0 . | -1 .2 2 2
25 .G -0 .0 .0 .0 -0 o1 «1 «2 .2 2
26 -0 .0 .0 .0 -0 <0 .0 «1 .1 -2 - .2
27 .0 .0 .0 .0 -0 .0 «0 «1 -1 «2 -2
28 0. .0 .0 .0 .0 D .0 .1 «1 -2 2
29 0. 1) =0 -0 .0 .0 .0 .0 -1 -1 2
30 0. .0 .0 -0 .0 .0 .0 .0 .1 .1 e
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA. FREG = 18.0 POL = H
SUN INCIDENCE ANGLE = 49 T0 79 DEG. SUN AZIMUTH ANGLE = CONSTANT 0 DEG.

SRy

SUN WIND SPEED (M/S)
ANGLE 0 1 2 4 é B 10 12 15 20 25
{DEG)
a 549.9 22.6 12.6 7.1 5.0 3.6 2.6 2.0 1.5 1.0 7
1 243.7 22.2 12.5 7.1 9.0 3.6 2.6 2.0 1.5 1.0 7
2 23.2 20.2 12.1 6.9 4.9 3.6 2.6 2.0 1.5 1.0 -7
3 .3 18.7 11.4 6.7 4.8 3.5 2.6 ° 2.0 1.5 1.0 7
4 .0 16.0 10.S5 6.4 4.7 2.4 2.6 2.0 1.5 1.0 -7
9 .0 13.1 9.4 6.1 4.3 3.4 2.5 2.0 1.5 1.0 7
é .0 10.3 8.3 5.6 4.3 3.2 2.9 1.9 1.5 1.0 7
7 .0 7.7 7.1 9.2 4.0 3.1 2.4 1.9 1.4 1.0 «7
8 .0 5.6 5.9 4.7 3.8 3.0 2.3 1.9 1.4 1.0 -7
9 .0 3.8 4.8 4.2 3.5 2.8 2.2 1.8 1.4 1.0 7
10 -« 0 2.5 3.8 3.7 3.2 2.6 2.1 1.7 1.3 .2 -7
11 «0 1.6 2.9 3.2 2.9 2.5 2.0 1.7 1.3 -9 «7
12 .0 9 2.2 2.7 2.6 2.3 1.9 1.6 1.3 .9 -7
13 .0 «3 1.6 2.3 2.3 2.1 1.8 1.5 1.2 -9 7
14 =0 «3 1.2 1.9 2.0 1.9 1.7 1.5 1.2 «? 7
15 .0 «2 .8 1.6 1.8 1.7 1.6 1.4 1.2 «? «7
146 .0 -1 «6 1.3 1.5 1.6 1.5 1.3 1.1 .8 6
17 .0 .0 b 1.0 1.3 1.4 1.4 1.2 1.1 -8 b
i8 .0 .0 .2 .8 1.1 1.2 1.2 1.2 1.0 .8 «6
19 1] =0 .2 ) «? 1.1 1.1 1.1 1.0 .8 b
20 .0 .0 «1 S .8 1.0 1.0 1.0 @ .7 «6
21 -0 .0 .1 .4 «b .8 «? «? -9 «7 -6
22 .0 .0 +0 -3 3 4 .8 -7 .8 7 «6
23 -0 .0 -0 .2 b 6 «? .8 .8 a7 b
24 -0 .0 .0 .1 3 3 7 7 -7 +6 9
25 .0 .0 «0 .1 -3 b 6 o7 «7 .6 -]
26 .0 .0 .0 .1 2 4 «9 b 6 .6 «S
27 «0 .0 .0 .0 -1 «3 b «9 ) «6 9
28 .0 .0 .0 .0 .1 .2 4 -] .S 3 -9
29 .0 -0 .0 .0 -1 -2 -3 -4 S 9 -3
36 -0 .0 .0 .0 -1 2 -3 .4 5 -9 -4
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCE ANGLE =
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SUN GLITTER TB (KELVIN) RECEIVED BY SMNR ANTENNA.
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SUN GLITTER TB (KELVIN) RECEIVED BY EMMR ANTENNA.
SUN INCIDENCE ANGLE = 49 T0 79 DEG. SUN AZIMNUTH ANGLE =
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCE ANGLE =
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCE ANGLE

SUN
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SUN GLITTER TEB (KELVIN) RECEIVED BY SMMR ANTENNA. FREQ = 21.0 POL = H
SUN INCIDENCE ANGLE = 49 T0 79 DEG. SUN AZINUTH ANGLE = CONSTANT O DEG.

SUN WIND SPEED (MN/S)
ANGLE 0 1 2 4 é 8 10 12 15 20 25
(DEG)
0 6%96.6 18.3 10.1 S.7 4.0 2.9 2.1 1.6 1.2 .8 «6
1 222.7 18.0 10.0 5.7 4.0 2.9 2.1 1.6 1.2 -.8 .6
2 8.1 17.0 9.7 5.6 4.0 2.8 2.1 1.6 1.2 -8 3
3 .0 15.4 9.3 Seh 3.9 2.8 2-1 1.6 1.2 .8 -6
4 <0 13.5 8.6 3.2 3.8 2.8 2.1 1.6 1.2 .8 b
] .0 11.3 7.8 5.0 3.7 2.7 - 2.0 1.6 1.2 .8 6
é .0 7.1 7.0 4.7 3.5 2.6 2.4 1.6 1.2 -8 b
7 .0 7.1 6.1 4.3 3.3 2.5 1.9 1.5 1.1 -8 «b
8 .0 9.3 5.2 4.0 3.1 2.4 1.9 1.5 1.1 .8 -6
9 .0 3.8 4.3 3.6 2.9 2.3 1.8 1.5 1.1 .8 )
10 .0 2.6 3.9 3.2 2.7 2.2 1.7 1.4 1.1 .8 6
11 .0 1.7 2.8 2.8 2.9 2.1 1.7 1.4 1.1 .8 -6
12 -0 1.1 2.2 2.9 2.3 1.9 1.6 1.3 1.0 7 -6
13 .0 «7 1.7 2.1 2.0 1.8 1.5 1.3 1.0 -7 -3
14 -0 4 1.2 1.8 1.8 1.7 1.4 1.2 1.0 o7 -1
15 <0 2 <9 1.5 1.4 1.5 1.3 1.2 1.0 7 .3
16 -0 o1 ") 1.3 1.4 1.4 1.3 1.1 -? 7 -3
17 .0 .1 oh 1.0 1.2 1.3 1.2 1.1 .9 -7 -0
18 -0 .0 «3 -8 1.1 1.1 1.1 1.0 .© -7 3
19 .0 .0 2 «7 «? 1.0 1.0 -7 .8 6 -9
20 .0 <0 .1 -9 .8 -9 -7 «? .8 -6 -5
21 .0 -0 -1 .4 b .8 -8 .8 .8 .6 -3
22 .0 -0 -1 .3 -9 -7 -8 .8 -7 -6 -3
23 .0 -0 .0 -2 -4 «b «7 7 «7 =6 1
24 -0 .0 .0 2 .4 «3 ) 7 ) ) ]
25 -0 -0 .0 .1 «3 ) «6 -6 ) -9 4
26 .0 -0 .0 o1 2 -4 ] -6 -6 -9 -4
27 .0 .0 .0 -1 2 -3 b S - ] .h
28 .0 -0 .0 .0 .1 «3 -4 -9 -3 ] <4
29 .0 .0 .0 .0 «1 2 «3 -4 «9 .9 )
30 .0 .0 .0 .0 .1 2 «3 4 -4 -4 -4

ALYND ¥00d 40
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SUN GLITTER TB (KELVIN) RECEIVED BY SHMR ANTENNA. FRE@ = 21.0 POL = H
SUN INCIDENCE ANGLE = 49 TO 29 DEG. SUN AZIMUTH ANGLE = CONSTANT 0 DEG.

SUN WIND SPEED (MN/S)
ANGLE 0 1 2 4 . é 8 10 ~12 15 20 25
(DEG)
0 6%6.6 18.3 10.1 5.7 4.0 2.9 2.1 1.6 1.2 .8 b
1 220.7 17.9 10.0 J.6 4.0 2.8 2.1 1.6 1.2 .8 b
2 6.3 16.8 7.6 §.5 3.9 2.8 2.1 1.6 1.2 -8 -6
3 .0 15.2 9.1 5.3 3.8 2.8 2.0 1.6 1.2 .8 .8
4 .0 13.2 8.4 5.1 3.7 2.7 2.0 1.6 1.2 -8 )
9 .0 11.0 7.6 4.8 3.5 2.6 2.0 1.5 1.1 .8 .6
é <0 8.8 6.7 4.9 3.4 2.5 1.9 1.5 1.1 .8 -6
7 .0 6.7 5.8 4.1 3.2 2.4 1.8 1.5 1.1 «7 -
8 .0 9.0 4.9 3.7 3.0 2.3 i.8 1.4 1.1 7 -7
9 .0 3.9 4.1 3.4 2.7 2.2 1.7 1.4 1.0 -7 3
10 .0 2.4 2.3 3.0 2.9 Z.1 1.6 1.3 1.0 7 -3
11 .0 1.6 2.6 2.6 2.3 1.9 l.4 1.3 1.0 -7 9
12 .0 1.0 2.0 2.3 2.1 1.8 1.5 1.2 1.0 7 )
13 .0 «6 1.5 1.9 1.9 1.6 1.4 1.2 «9? «7 -
14 .0 «3 1.1 1.6 1.7 1.5 1.3 1.1 .9 «7 ]
15 .0 o2 -8 1.4 1.5 1.4 1.2 1.1 -9 -6 9
16 .0 .1 -6 1.1 1.3 1.2 1.1 1.0 .8 -6 7
17 .0 -1 4 -7 1.1 1.1 1.1 -9 -8 -6 ]
18 .0 .0 -3 -7 -9 1.0 1.0 -9 .8 .6 -9
19 .0 -0 2 .6 .8 Y -9 -8 7 -6 -4
20 .0 .0 i | -] 7 .8 .8 .8 -7 -3 -k
21 - .0 -0 .1 «3 -6 «7 7 7 7 3 b
22 0. .0 .0 .3 o «6 7 «7 «b <1 4
23 0. -0 .0 «2 oh . «b -6 .6 «9 -4
24 0. .0 .0 . § «3 -4 -3 b - -3 -4
25 0. -0 .0 o § 2 - ] =9 . b -4
26 0. .0 .0 -1 «2 -3 4 9 -3 <4 o4
27 0. .0 .0 -1 .3 «3 4 ol 4 4 4
28 0. -0 .0 .0 .1 2 -3 o4 .4 .4 -3
29 0. -0 -0 .0 S | .2 -3 3 oh -4 -3
30 0. .0 .0 .0 -1 -2 2 «3 -4 -4 -3



SUN GLITTER TB (KELVIN) RECEIVED BY SNIMR ANTENNA.
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B A Lo . AR A S MR e

SUN GLITTER T8 (KELVIN) RECEIVED BY SMMR ANTENNA.

SUN INCIDENCE ANGLE = 49 T0 79 DEG.

FREQ = 37.G POL =V
SUN AZINUTH ANGLE = CONSTANT O DEG.

SUN WIND SPEED (M/S)
ANGLE 0 1 2 4 6 8 10 12 15 20 25 30
(DEG)
0 626.4 5.3 2.9 1.6 1.1 .8 .6 .5 .3 .2 .2 .1
1 43.6 5.2 2.9 1.6 1.1 .8 b .4 .3 .2 .2 .1
2 0. 4.9 2.8 1.6 1.1 .8 .6 -4 .3 .2 .2 o1
3 0 4.5 2.6 1.5 1.1 .8 .6 -4 .3 .2 .1 .1
4 .0 4.0 2.5 1.4 1.0 .8 .6 .4 .3 .2 .1 .1
5 .0 3.5 2.2 1.4 1.0 .7 .5 3 .3 .2 .1 .1
6 .0 2.9 2.0 1.3 1.0 .7 <5 3 3 .2 .1 .1
7 .0 2.4 1.8 1.2 .9 .7 .5 o4 .3 .2 .1 S S
8 .0 1.9 1.6 1.1 .9 iy .5 o4 .3 .2 .1 1 58
9 .0 1.4 1.4 1.0 .8 .6 .S ok .3 .2 .1 .1 85
io L0 1.1 1.2 .9 .7 .6 .S ok .3 .2 .1 -1 82
11 .0 .8 1.0 .8 .7 .5 o4 .3 .3 .2 .1 1 DE
12 .0 .S .8 .7 .6 .5 <4 .3 .3 .2 .1 1 o=
13 .0 b .6 7 6 .S 3 «3 «2 ] .1 -1 ggs
14 .0 .2 .5 .6 .5 .4 o4 .3 .2 .2 .1 1l
15 .0 .2 3 .5 .S -4 .3 .3 .2 2 .1 1 =
16 .0 .1 .3 .4 <4 <4 .3 .3 .2 .2 .1 .1 ’
17 .0 .1 .2 -4 iy .3 .3 .3 2 .2 -1 .1
18 .G .0 .2 .3 .3 .3 .3 .2 .2 .1 .1 .1
19 0. .0 .1 .2 .3 .3 <3 .2 .2 .1 .1 .1
20 0. .0 .1 .2 .2 .3 .2 <2 .2 .1 .1 .1
21 a. .0 .1 .2 .2 .2 .2 .2 .2 .1 .1 .1
22 0. .0 .0 .1 .2 .2 .2 .2 .2 .1 .1 .1
23 0. .0 .0 .1 .2 .2 .2 .2 .2 .1 .1 .1
24 0. .0 .0 .1 .1 .2 .2 .2 .1 .1 .1 .1
25 G. .0 .0 .1 .1 .1 .2 .1 .1 .1 .1 .1
: 26 0. .0 .0 .0 .1 .1 .1 .1 .1 .1 .1 .1
27 0. .0 .0 .0 .1 .1 -1 .1 .1 .1 .1 .1
28 0. .0 .0 .0 .1 .1 .1 .1 .1 .1 .1 .1
‘ 29 0. .0 .0 .0 .0 .1 .1 .1 .1 .1 .1 .1
: 30 G. .0 .0 .0 .0 .1 .1 .1 .1 .1 .1 .1
;
|

il 50



SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA.
SUN INCIDENCE ANGLE = 49 T0 29 DEG.

FRE@ = 37.0 POL =V
SUN AZINUTH ANGLE = TONSTANT O DEG.

P BRI B o i et e afer e

T T R TR S T T RS T ST T L T
B

%T,Z.:. -

SUN WIND SPEED (MN/S)
ANGL.E 0 1 2 4 é 8 10 12 15 20 25
(DEG)
0 626.4 9.3 2.9 1.6 1.1 .8 .6 -3 «3 -2 -2
1 42.8 5.3 2.9 1.6 1.1 .8 .6 - «3 -2 2
2 -0 S.1 2.9 1.6 1.1 .8 .6 9 «3 2 «2
3 -0 4.8 2.8 1.4 1.1 .8 6 .9 «3 «2 2
4 -0 4.3 2.6 1.6 1.1 .8 «6 9 «3 -2 -2
S .0 3.8 2.9 1.5 1.1 .8 «b - -3 «2 2
é .0 3.3 2.3 1.5 1.1 .8 «6 -9 -3 .2 -2
7 -0 2.7 2.1 1.4 1.0 .8 .6 9 -3 «2 2
8 .0 2.2 1.9 1.3 1.0 .8 .6 S «3 2 2
9 .0 1.7 1.6 1.2 1.0 «7 .6 .k «3 «2 -2
10 -0 1.3 i.4 1.1 -9 7 -9 -4 «3 -2 -2
11 -0 1.0 1.2 1.0 «? -7 9 4 -3 -2 -2
12 .0 -7 1.0 -9 .8 b -] -4 -3 «2 -2
13 -0 . .8 .5 7 ) -5 -4 -3 -2 -2
14 -0 -3 -7 7 -7 «6 -1 b «3 2 2
15 0- 2 «3 7 -6 6 3 «4 «3 -2 2
16 0. «1 -4 6 -6 ] .4 4 -3 «2 -2
17 0. o1 -3 5 .9 1 b o4 -3 -2 «2
i8 0. .0 «2 -4 -3 -5 .4 -4 «3 o2 2
19 0. 0 -2 -4 4 .4 . =% «3 -2 «2
20 0. .0 -1 3 -4 4 -4 -3 -3 -2 «2
21 0. .0 | -3 3 - «3 «3 -3 -2 -2
22 0. -0 o1 «2 «3 «3 -3 <= 3 «2 2
23 0. .0 .0 -2 «2 -3 «3 3 a2 -2 22
24 0. .0 .0 .1 -2 -3 -3 «3 -2 -2 -1
25 0. -0 .0 -1 -2 2 -3 «3 -2 .2 «1
26 0. «0 «0 .1 «2 2 «2 2 «2 «2 «1
27 0. .0 «0 «1 -1 2 .2 2 2 a2 -1
28 0. «0 .0 -1 .1 «2 -2 -2 -2 «2 -1
29 0. .0 .0 .0 .1 -1 -2 2 2 2 .1
30 0. 1) .0 -0 .1 -1 .2 «2 2 -2 -1
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA. FREG = 37.0 POL =V
SUN IMCIDENCE ANGLE = CONSTANT 49 DEG. SUN AZINUTH ANGLE = 0 TO0 40.1 DEG.

SUN HIND SPEED (N/S)
ANGLE 0 1 2 4 é6 2] 10 12 15 20 25 30
(DEG) ,
0 626.4 9.3 2.9 1.6 1.1 .8 - S5 3 -2 -2 .1
1 43.2 5.1 2.9 1.6 1.1 «8 b .9 o3 «2 2 -1
2 -0 4.6 2.7 1.6 1.1 .8 «b <4 «3 -2 2 .1
3 -0 3.9 2.9 1.5 1.1 .8 «6 - «3 2 «2 1
4 .0 3.1 2.2 1.4 1.0 7 b <4 3 2 «2 .1
9 .0 2.3 1.8 1.3 1.0 v -3 «h «3 2 .2 -1
6 .0 1.6 1.5 1.1 -9 w? . -4 -3 -2 -2 o1
7 .0 1.0 1.2 1.0 .8 -6 -9 .4 «3 2 -2 .1
8 -0 «6 .9 .9 7 b 5 b -3 -2 -1 «1
9 .0 3 7 7 ) ) b b * .3 2 -1 1
10 .0 2 -9 -4 6 .S 4 4 -3 -2 «1 .1
11 -0 -1 .3 «D a9 -9 -4 «3 «3 2 -1 «1
12 .0 .0 2 -4 4 4 -4 «3 -3 2 1 «1
13 .0 .0 .1 -3 b -4 -3 «3 .2 .2 .1 «1
14 -0 +0 .1 2 «3 -3 -3 3 «2 .2 -1 -1
15 -0 «0 .0 2 «2 3 «3 3 -2 2 -1 -1
16 0. .0 .0 -1 .2 2 «2 -2 2 2 «1 -1
17 0. .0 .0 -1 «2 -2 «2 -2 -2 -2 -1 .1
i8 0. -0 .0 -1 .1 2 .2 «2 o2& «2 -1 -1
19 0. .0 .0 .0 «1 -1 «2 .2 2 .2 -1 -1
20 0. .0 .0 .0 .1 .1 -2 2 2 -1 o .1
21 0. .0 .0 .0 -1 a3 .1 2 «2 «1 «1 -1
2 C. .0 .0 .0 ) «1 -1 .1 -1 o1 -1 «1
23 0. -0 -0 .0 .0 -1 -1 -1 «1 -1 .1 «1
24 0. .0 .0 -0 .0 -1 .1 .1 -1 .1 .1 -1
a5 0. .0 -0 .0 .0 .0 -1 -1 -1 -1 -1 «1
26 0. «0 -0 -9 «0 .0 .1 .1 -1 . | .1 «1
22 0. .0 .0 -0 -0 .0 -1 «1 -1 .1 -1 «1
28 0. .0 .0 <0 .0 .0 .0 «1 .1 «1 .1 i |
29 0. .0 .0 .0 «0 .0 .0 .1 .1 -1 -1 -1
30 0. «0 .0 .0 .0 .0 -0 .0 i | .1 .1 .1
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SUN GLITTER TB (KELVIN) RECEIVED BY S5MMR ANTENNA. FREQ = 37.0 FOL = H
SUN INCIDENCE ANGLE = 49 T0 79 DEG. SUN AZINUTH ANGLE = CONSTANT 0 DEG.

o,

SUN WIND SFPEED (M/S)
ANGLE 0 1 2 4 4 8 10 12 15 20 5
(DEG)
(1] 1071.4 9.1 5.0 2.8 1.9 1.4 1.0 .8 .b .4 .3
1 75.64 9.0 4.9 2.8 1.9 1.4 1.0 .8 ' -4 .3
2 .0 8.6 4.8 2.7 1.9 1.4 1.0 .8 b <4 .3
3 .0 8.0 4.7 2.7 1.9 1.4 1.0 .8 b 4 .3
4 " .0 7.3 4.4 2.6 1.9 1.4 1.0 .8 .6 4 .3
5 .0 6.4 A.1 2.5 1.8 1.3 1.0 .8 .6 b .3
é .0 S.4 3.8 2.4 1.8 1.3 1.0 .8 .6 .4 .3
? .0 4.5 3.4 2.3 1.7 1.3 1.0 .8 b b 3
8 .0 3.6 3.1 2.1 1.6 1.2 -9 .7 b 4 .3
9 .0 2.8 2.7 2.0 1.6 1.2 .9 .7 <5 ' .3
10 .0 2.1 2.3 1.8 1.5 1.2 .9 7 .5 o4 .3
11 .0 1.6 1.9 1.7 1.4 1.1 .9 .7 .5 -4 .3
12 .0 1.1 1.6 1.5 1.3 i.1 .8 .7 .5 -4 .3
13 .0 .8 1.3 1.4 1.2 1.0 -8 o7 .5 4 .3
14 .0 .5 1.1 1.2 1.1 1.0 .8 .7 .5 <4 .3
i5 .0 .3 .8 i.1 1.0 .9 .8 3 <5 o4 .3
16 .0 .2 .7 .9 .9 .8 .7 .6 .5 .3 .3
17 .0 .1 .5 .8 .8 .8 .7 b .5 .3 .3
18 .0 .1 .4 .7 .8 .7 .é b .5 .3 .3
19 0. 0 .3 b .7 7 b .5 A .3 .3
20 0. .0 .2 .5 .é .4 .é .5 <4 .3 .2
21 0. .0 .1 A .5 .6 .5 5 b -3 .2
22 0. .0 .1 .3 .5 .5 .5 .5 .4 .3 .2
23 0. .0 .1 .3 o4 «5 .5 <4 <4 .3 .2
24 0. .0 .0 .2 .3 -4 -4 <4 <4 .3 .2
25 0. .0 .0 .2 .3 A -4 o4 A <3 .2
26 0. .0 .0 .1 .2 .3 e 4 - <4 o4 .3 2
27 0. .0 .0 .1 .2 .3 .3 b .3 .3 .2
28 0. .G .0 .1 .2 .3 .3 3 .3 .3 .2
29 0. .0 .0 .1 .1 .2 .3 .3 .3 .3 .2
20 0. .0 .0 O .1 .2 .3 .3 .3 .3 .2
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SUN GLITTER TB (KELVIN) RECEIVED BY SMMR ANTENNA. FREG = 37.0 POL = H
SUN INCIDENCE ANGLE = 49 70 29 DEG. SUN AZIMUTH ANGLE = CONSTANT O DEG.

SUN WIND SPEED (N/S)
ANGLE 0 1 2 4 & 8 10 12 15 20 25 30
(DEG) -
0 1071.4 9.1 9.0 2.8 1.9 1.4 - 1.0 .8 .6 «h -3 .2
1 72.2 8.9 £.9 2.7 1.9 1.4 1.0 .8 .6 -4 -3 -2
2 .0 8.5 4.8 2.7 i.¢ 1.4 1.0 .8 .6 .4 -3 .2
3 0 7.9 4.6 2.6 1.9 i.3 1.0 .8 -6 4 -3 -2
4 .0 7.0 4.3 2.5 1.8 1.3 1.0 .8 9 .4 -3 «2
S -0 6.1 4.0 2.4 1.8 1.3 1.0 7 35 4 -3 -2
6 .0 5.2 3.6 2.3 1.7 1.2 «? 7 S <4 -3 2
7 -0 4.3 3.3 2.2 1.6 1.2 .9 7 -1 4 3 2
8 -0 3.4 2.9 2.0 1.5 1.2 A 9 -3 «3 «2
9 .0 2.6 2.5 1.9 1.5 1.1 .9 7 «3 -3 «2 2
10 .0 2.0 2.1 1.7 1.4 1.1 .8 -7 .- «3 .2 «2
11 .0 1.4 1.8 1.5 1.3 1.0 .8 «6 2 3 2 «2
12 .0 1.0 1.5 1.4 1.2 1.0 -8 .6 =9 -3 2 2
13 .0 7 1.2 1.2 1.1 9 7 ) <D -3 2 «2
14 .0 ] 1.0 1.1 1.0 -9 «7 «b -9 -3 2 2
15 0. -3 .7 -7 .9 .8 -7 b -4 -3 -2 «2
14 0. .2 «6 .8 .8 «7 «6 ) -4 -3 «2 2
17 0. .1 -4 -7 - -7 -6 9 -4 -3 2 «2
i 0. .1 «3 b o7 -6 -6 1 -4 «3 2 -2
19 0. -0 «2 ] -6 -6 «3 9 -4 «3 -2 -2
20 0. .0 .2 -4 9 .9 3 4 -4 -3 .2 «2
21 0. .0 «1 .3 o4 9 v -4 -4 -3 2 .2
22 0. .0 .1 «3 .4 o4 -4 -4 -3 -3 2 «2
23 0. .0 -1 «2 .3 b .4 b «3 3 .2 -2
24 0. .0 .0 .2 -3 -3 <4 -4 3 .2 2 2
25 0. .0 .0 .1 .2 .3 -3 «3 -3 .2 -2 «2
26 0. -0 .0 -1 .2 «3 -3 3 -3 .2 2 -2
27 0. -0 -0 -1 .2 2 «3 T .3 «3 .2 .2 .1
28 ' 0. .0 .0 .1 .1 «2 «3 «3 -3 -2 «2 .1
29 0. <0 <0 .0 -1 2 -2 .2 «2 .2 2 «1
30 (8 .0 .0 -0 ; .1 2 .2 2 .2 -2 2 -1
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