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ABSTRACT

The relationship between the sea-surface normalized radar cross
section and the friction velocity vector is determined using a parametric
two-scale scattering model. The model parameters are found from a non-
linear maximum likelihood estimation. The estimation is based on the AAFE
aircraft scatterometer measurements and the sea-surface anemometer measure-
ments collected during the JONSWAP '75 experiment. The estimates of the
ten model parameters converge to realistic values that are in good agree-
ment with the available oceanographic data. The rms discrepancy between
the model and the cross section measurements is 0.7 dB, which is the rms

sum of a 0.3 dB average measurement error and a 0.6 dB modeling error.
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Introduction

Satellite microwave scatterometers offer a unique opportunity to
gather high-quality, real-time data on the wind field over the world's
oceans. The scatterometer directly measi'res the normalized radar cross
section (NRCS) of the sea surface. The correlation between the NRCS and
the surface wind vector has long been known [Skolnik, 1970]. However,
until recently the lack of accurate NRCS measurements for a variety of
viewing angles and wind-sea states has prohibited the quantification of
this correlation. The data collected during the NASA Langley Research
Center's . ivance Application Flight Experiment (AAFE) [Jones, Schroeder,
and Mitchell, 1978] now provides the means to precisely determine this
correlation.

In this report, a maximum likelihood estimation technique in conjunc-
tion with a two-scale scattering model is used to determine the relation-~
ship between the NRCS and the surface wind vector. The surface wind vector
is expressed in terms of a friction velocity vector ﬁ* pointing in the up-
wind direction. The vector formulation for the two~scale scattering model
is presented in the first section. The formulation contains two distribu-
tions that characterize the sea-surface roughness. These are the slope
probability density function (pdf) for the large-scale sea waves and the
wavenumber spectrum for the small-scale waves. The large-scale (small-scale)
waves are those having wavelengths greater (smaller) than the radiation
wavelength. In the second section the distributions are expressed in para-
metric form, with the model parameters being directly related to oceano-~
graphic observables. The non-linear maximum likelihood estimation of the

model parameters is described in the third section. The estimation is based



on the AAFE aircraft scatterometer measurements and the sea-surface
anemometer measurements collected during the JONSWAP '75 experiment. The
last section contains the results of the estimation and the conclusions.
Appendix A contains computer printer plots showing both the NRCS measured
during the JONSWAP '75 experiment and the NRCS computed from the model.
Tables of the NRCS versus friction velocity, incidence angle, relative
azimuth angle, and polarization appear in Appendix B. A list of symbols
and abbreviations is given in Appendix C.

The results are very encouraging. Ten model parameters are estimated,
and in all cases the estimates, which are not constrained by a priori in-
formation, converge to realistic wvalues that are in good agreement with
the available oceanographic data. The rms discrepancy between the model
NRCS and the 1491 JONSWAP '75 measurements is 0.7 dB, which is the rms

sum of a 0.3 dB average measurement error and a 0.6 dB modeling error.



The Geometric Optics NRCS and the Bragg NRCS for Backscattering

The NRCS model is based on the two-scale scattering theory. In
particular, the footprint of the incident radiation is segmented into regioms
having dimensions large compared to the radiation wavelength. These regions
will in general be tilted with respect to the mean surface across the foot-
print. A tilt probability is assigned, and the overall NRCS is found by
integrating over the regional NRCS weighted by the tilt probability and a
geometric factor necessary to ensure energy conservation. Furthermore, the
NRCS for a particular region depends upon the wavenumber spectrum of the
sea-surface roughness within the region. This dependence is due to Bragg
scattering by sea waves having wavenumbers similar to the radiation wave-
number.

The formulas for the bistatic NRCS are given by Wentz [1977]. We now
consider the special case of backscattering in which the radiatiomn is
scattered back towards the source. In terms of the incident and scattered

propagation unit vectors, ﬁi and ﬁs’ this special case is specified by
>
k. = -k (1)

Under condition (1) the bistatic formulas for the NRCS take the form

L - o, ,> .--b x . ‘0 > ._—b .
SESTD og(ki,Ei, ki,r.s,ﬁ) + \b(ki,ﬁi, ki,fs,ﬁ) (2)

The two terms represent the geometric-optics NRCS and the Bragg NRCS. Vec-

-
tors E, and ﬁs are the incident and scattered polarization unit vectors: and N

i

is the unit normal to t. mean sea surface subtended by the radar footprint.



The geometric optics NRCS is

@ EELED kD p ) s @8R R O
where Pn(-ﬁi) is the probability density function (pdf) for the regional
surface normal unit vector n evaluated at n = -fi. The scattering function
Sg(-°-) is a modification of the Fresnel power reflection coefficient for nor-
mal incidence and accounts for the reduction in reflected power due to Bragg
scattering. It is a product of second order perturbation theory and hence is
a complicated function to compute. In order to simplify the treatment, we do
not directly compute 1t but rather let it be an additional parameter, denoted
by R, to be estimated from experimental data. The shadowing function

is not included in (3) nor in the subsequent equations because it is essen-

tially unity for the incidence angles out to 70°

The Bragg NRCS is

o,> 3 . - -> -> - P >
op & B 5K, E D 4_!dn P Gk,,E k5D (%)
> > > > > A U . > > > > -
Gk, ,E 3=k, ,E 3n) = 16mk" u(-ki'n)(n‘N)“(—Ki‘n)“F(Kb,n) Sb(ki,fi;—ki,fs;n)

(5)

where the integral is over all differential solid angles dn. The quantity
k is the radiation wavenumber and u(-+-) is the unit step function. The

wavenumber spectrum of the sea-surface roughness within a region having a

normal n is denoted by F(:b';)’ with ?b being the Bragg vector wavenumber.

Ifb = 2k [(S-ﬁiﬁ - '1211 (6)
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The magnitude k, of Ky is

b
+ 2 9.k
k, = 2k [1 = (n*k, )] ¢A)
b i
The wavemumber spectrum is normalized such that its integral over all
vector wavenumbers is equal to the mean squared elevation variation. The
remaining term in (5) is the Bragg scattering function and is given by the

following expressions:

-+ LT e <> > * 5 b > * 5 b (2
5, (o B iR LE ) = J@E02) @3 o) - ) E 2 o) | (8)
2
a:h = (1 - s)/[cosei + (e - sinzei)%] (9)
oL = (e - 1)(e sin20, + ¢ - sin20,)/{c cos®, + (¢ - sin20 );él2 (10)
W € sin 1 i i € sSin i
‘éh = zix;:/n:ixm (11)
IO ORIGINAL PAGE I8
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*
where denotes complex conjugate. The quantitv € is the relative permit-
tivity of the air-sea interface and Oi is the angle made by the incident

propagation vector and the regional normal.

cOs Oi = -ﬁi.; (13)

For « radiation wavenumber of 2.9Y1 vm_', the relative permittivity is the

complex number (40.1, -39.3) [Porter and Wenrz, 1971].



The above equaticns for the Bragg NRCS are based on the application
of perturbation theory to Maxwell's equations [Rice, 1951]. In the case of
backscattering, the perturbation theory requires that the radiation wave-
length be large compared to the rms elevation variation of that portion of
the wavenumber spectrum F(Z,K) which is responsible for the backscattering,

-
i.e., k ~ Ky where K is the magnitude of x. Equation (7) shows that for

the case of no tilting when ; = ﬁ, the Bragg wavenumber is

k, = 2k sin 8 (14)
where ei is the incidence angle given by

cos 8, = -k N (15)

For incidence angles greater than 400, calculations show that the capillary

waves having a wuvenumber similar to «, satisfy the small-scale perturba-

b

tion requirement. However, for small incidence angles the requirement is
not met becauvse of the rapid increase in the capillary wave amplitude with

decreasing k, . Thus the Bragg scattering theory should begin to breakdown

b

at some incidence angle eb less than 40°.

Although the exact nature of the breakdown is not known, the experi-
mental data do show that the NRCS experiences a smooth transition between
the Bragg region and the small-angle region where geometric optics scatter~

ing dominates. We assume that for argles smaller tham 68, the Bragg scatter-

b

ing c.:chanism becomes less efficient, and as a result the contribution of

the Bragg NRCS to the total NRCS diminishes with decreasing 6,. In partic-

i
ular, we require that the Bragg NRCS and its first derivative with respect



to 0, go to zero at 9, = 0. The smooth transition shown by the experimental

i i
data indicates that the cutoff to zero is not abrupt, but rather the Bragg

NRCS merges with the geometric optics NRCS. In view of this and the above
requirements, we choose the following function to represent the Bragg NRCS

for ei < eb:

--'k’i,is's;ﬁ) = 8 tan%6 exp(-1 tan20), 0 < © (1.,

i i b

For 61 2 eb equations (4) through (13) are assumed valid. The coefficients

3 and T are fixed bv requiring og(...) and its first derivative with respect

to ti to be continuous at 81 = eb.

As the surface roughness increases, the breakdown point 6b also

increases because a larger portion of the wavenumber spectrum violates the
small-scale perturbation requirement. We use the total rms regional slope B
as defined in the next section as an indicator of surface roughness and

assume the following relationship holds:

tn|

tan 8, =t 7))
where t is a parameter to be estimated from the experimental data. It

should be emphasized that (16) and (17) are purely empirical. .ther tech-
niques for modeling the Bragy NRCS at small incidence angles were tried,

put with less success.



The Two-Scale Roughness Distributionsg

In the NRCS mndel the sea-surface roughness is characterized by two
distributions: (1) the pdf Pn(;) for the regional surface normals and (2
the wavenumber spectrum F(:,;) for the roughaess within a region having a
mean normal n. The pdf Pn(g) is specified in terms of the pdf PS(SU,SC)
for the regional upwind and crosswind slopes, Su and Sc. The slope pdf
is assumed to be a Gaussian [Cox and Munk, 1956] having zero mean, .ero
correlation, and standard deviations 5; and §C for the upwind and c.. . w?id

slopes. It is related to the normal ndf bv

P @ = @D Ir (s .5) (18)
n s u (o4
§ = -neU,/[U, (n-1)] (19)
u * EA
S, = —neNxl', /U, (n'W)] (20)

The vector ﬁ* is the friction velocity vector pointing upwind and v, is
its magnitude in cm/sec. The factor (;'§)-3is the Jacobian relating the dif-
ferential area dSudSC to the differential solid angle dn.

The total rms slope S = (Ei + gz )'15 is highly correlated with the

friction velocity [Cox and Munk, 1956; Wentz, 1977]. The correlation is

assumed to have the form

S = s, + s, log (21)



The upwind and crosswind rms slopes are then given by
s =S+ 02)* (22)
S = 0§ (23)

where p is the ratio between EE and §;, The parameters p,so, and s, are to
be estimated from experimental data.

The Bragg NRCS for large incidence :ngles is given by an integral over
Pn(;), as is shown by (4). In terms of differentials the relationship be-

tween P (K\ and P (S ,S ) is
n S u (o
dn P (R) =ds dS P (S ,S) (24)
n u ¢ =3 u C

The integral is evaluated by substituting (24) into (4) and then applying
the method of steepest descent. This procedure results in the following

expression-

=

[N
2, 2> > > > > > > > 2
) Y M H = -0 WE,3-K HA +$‘; ) Hiad 8 H $ .
OO ki,fs N (<, .E, ki,ﬁs ) +% £y GIK,E; p],ﬁs n(s_,S))]
(25)
wvhere T ) is given bv (%) and ;(---) is the function for calculating the

surface normal from the surface slopes,
: ; o § 2, 52y
n(s ,S) =[-Ss U /u, -8 (N1 )/U, +N]/(1 + S% + 8°%) (26)
u ¢ u * ok c * * u c

The set of slopes,{S:} and {Sg}, appearing as argumerts in (25) are

{Su,'gu,O,OJ and {0’0°§r'-§c} respectivzly.

ORIGTIAL PAGE 1 9
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The portion of the wavenumber spectrum F' u} responsible for Bragg
backscattering is those wavenumbers that are similar to the radiation wave-
nmmber. The radiation wavenumber for the NRCS measurements to be considered
in the next sections is 2.91 cn.l. and hence F(:,K) corresponds to the
capillary sea wavenumber spectrum. The capillary spectrum exhibits a power
law dependence on wavenumber [Mitsuyasu and Honda, 1974). Furthermore, we
assume that the spectrum is symmetric about the projection of the friction
veleocity vector ﬁ* outv the plane orthogonal to ;, and we retain only the
zeroth~order and first-order directional harmonics. Under t“ese assumptions

the spectrua takes the form
F(e,m) = A (/T (1 +A cos2%) (1+4BS /S) (27
’ m o om r = u u

The leading term Am is the zeroth-order harmonic of the wavenumber spectrum
at the point of minimum phase speed given by g = 3.63 cm-l. The exponent gy
is the oower law, and Ar i{s the ratio of the first-order harmonic to the
zeroth-order harmonic and is assumed independent of x. The quantity ¥ is
the angle between < and the projection of the friction velocity vector 6*

co~te the plane orthogonal to n.
cos ¥ = wenx(U,n) /{x [mx (U ) | ] (28)

The straining of capillary waves by the orbital motion of larger waves is
accounted for in (27) by the third term in the parentheses. This term
weig" < the spectrum according to the upwind regional slope Su. A pe3itive
straining coeffigient B means that regions on the downwind slope of a large

wave have a higher capillary spectrum than regions on the wpwind slope.

10



Wavetank and radar experiments [Mitsuyasu and Honda, 1974; Wentz,

1977) indicate that the capillary amplitude Am increases approximately as

the square of U,. In view of this the following correlatiun between Am and

U, is assumed:

log Am =a, + al log U, (29)

where Am is in cm". The parameters a and a, along with q, At. and B are

to be estimated from experimental data.

11



Maximum Likelihood Estimation of the NRCS Function

‘The NRCS function defined in the previous two sections contains ten
unknown model parameters, which are listed in Table 1 appearing in the next
section. The values for these parameters are found using th: technique of
maximum likelihood estimation. The estimation is based on the aircraft 13.9 GHz
scatterometer measurements and the sea-surface anemometer measurements
collected during the JONSWAP '75 experiment. The aircraft flew an assort-
ment of straight lines and circles over 36 different wind-sea states. We
let Uij denote the actual synoptic NRCS corresponding to the jth measure-
ment of the ith wind-sea state. The actual synoptic friction velocity and
wind direction for the ith wind-sea state are denoted by Ui and Xi' The
usual superscript o on o and subscript * on U are deleted to abbreviate
the notation. The sea-surface NRCS is then

o, = £f,,(U ,xi,{p}u) (30)

ij i 4

vhere fij(---) is the NRCS function discussed in the r evious sections. The

subscripts ij on f implicitly denote the incident propagation vector, the

mean sea-surface normal, and the polarization for the ith,jth measurement.

These three parameters are assumed to be exactly known. The elements of

the set {p}u are the unknown model parameters, where the subscript u

denctes the number of elements in the set and in this case equals 10, Im-

plicit in (30) is the assumption of a perfect model. The effect of the

mode’ ‘g error on the estimation is discussed at the end of this section.
The unknowns that are to be estimated are the model parameters {p}u,

the friction velocities {U}v’ and the wind directions {x}v. where v

12



indicates the number of wind-sea states and equals 36. The measurements on
which the estimations are to be based are the NRCS measurements {E}n, the
friction velocity measurements fﬁ}v. and the wind direction measurements
{i}v. The number n of the NRCS measurements equals 767 for vertical polar-
ization and 724 for horizontal polarization. The bar is used to denote
measured quantities as opposed to their actual values. The total paraceter

set is then

{x} = {p}b + {U}v + {x}v (31)

u+2v

and the total measurement set is

{y} = {a}n + {U}v + {x}v (32)

n+2v
For the case being considered the number n of NRCS measurements is much
greater than the number u of model parameters, and hence the estimation
system is over-determined.

The most complete statistical description of the unknow1 .,arameter

set {x}m, m=yu + 2v, is the conditional probability density that the

parameters are within the neighborhood {’x}  of {x}m, given the measurement

set {y}n, a = n + 2v. The probability density is given by the following

extension of Baves' equation:

n
P({x}) I'I1 Py, [{x} (v} _))
L= (33)

n
Jaxr_piis ) RGNy

P({x}ml{y}n) =

ORIGINAL PAGE IS
OF POOR QUALITY
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The maximum 1ikelihood estimation of the parameter set {x}m 18 defined as
the ¢t for which P({x}ml{y}n) is a maximum.

Three conditions are imposed to simplify the prnblem:

1. No a priori information is available on the parameter set; i.e.,

P({x}m) is a uniform distribution over {x}m space.

2. The noise from one measurement to the next is uncorrelated; {i.e.,
the probability of measurement Yq depends only on the noise of the

ith measurement and on the actual value of the measured quantity.

(9]

. The measurement noise is Gaussian distributed. Chi-square tests
indicate that the error structure in the NRCS measurements and in the
friction velocity measurements is closer to log-normal than normal.
In view of this, the NRCS and the friction velocities are expressed
in terms of logarithms for estimation purposes, while the wind

directions are expressed in degrees.

I'nder these three assumptions (33) takes the form

. expf-g({x},{y})
PN = ey e e (T Oy ] (34)

v Ei
@ -2 &, - x? 2*[? - £, (U, X {p})]2
C e e e i i i i i1 & I SO &
g\"X‘.t,VJ) = 2 + 2 + 2
= d ) 3
i=1 ..AUi 2A‘(i j=1 2Acij

(35)

whore AUi. Ayi. and Ao, , are the standard deviations (sd) in the friction

1j

velcelitv, wind direction, and NRCS measurements, Ui‘ I o amd ”ii'

i

14



The integer Ei is the number of NRCS measurements of the ith wind-sea
state. The set subscripts indicating the number of elements are deleted
in (35) and in the subsequent equations in order to simplify the notation.
The NRCS function fij(~--) is nonlinear. However, before treating the
nonlinear problem, it is instructive to consider the simpler situation in
which the “unction is linear in terms of Ui’ Xi, and the model parameters
{p}. In this case P({x}{{y}) is a multivariate Gaussian distribution. The
maximm likelihood estimation of the Ith parameter ®; is the mean value of

the parameter, and is given by
xp = flax) x_ pUx} YD (36)

It should be noted that the set {<x>} of mean values is also the set for
which P({x}|{v})is a maximum. The evaluation of (36) is equivalent to
finding the least-squares solution to (35). In particular, we use House-
holder orthogonal transformations [Bierman, 1977] to solve the least-
squares problem and to obtain <xI>. This method of orthogonal transforma-
tions also vields the covariance ( between the parameters xI and xJ.

1J

In terms of probabilities the covariance is

CIJ =f{dx} (xI - <x1>)(xJ - <xJ>) P(tx}l{y}) (37)
The nonlinearity of the model function is treated iteratively by solving
for the set of parameters that maximizes P({x}|{y}). This is accomplished

bv expanding f1 (*++) in a first order Taylor's series about a first-guess

i

set of friction velocities, wind directions, and model parameters. The

first guesses for the friction velocities and wind directions are the

15



anemometer measurements, {U} and {X}. The specification of the first-guess
set of model parameters is discussed in the next section. The partial
derivatives in the Taylor's series are numerically evaluated as finite
differences. This linearized version of the NRCS function is then substi-
tuted into (35), and equations (36) and (37) are solved using orthogonal
transformations. Another Taylor's series is then constructed with the newly
calculated set {<x>} of mean parameters being the base of the expansion.
This procedure is continued until the series of sets {<x>} converges.

In practice, exact convergence is not achieved because of numerical
noise, possibly due in a large part to the use of finite differences. After
about 7 iterations the fluctuation in a given parameter from one iteration
to the next is of the order of the computed sd for that parameter. Seven
more iterations show that these fluctuations have approximately a zero
mean. In other words the computed parameter set seems to be confined to
within a region in {x} space having dimensions of the order of the computed
sd. The results discussed in the next section are based on the parameter
set and the associated covariances computed after 14 iterations.

The computation of the parameter set and the associated covariances
requires that the sd sets {AU}, {Ax}, and {Ac} be specified. For the first
iteration each element of {AU} is set to 0.5 dB and each element of {AXx}
is set to 10°. These values are typical of the errors inherent in the
objective wind field analysis used to specify {U} and {X}. Each NRCS
measurement represents an average of about 5 to 10 independent samples.

The sampling error is calculated by dividing the sd of the samples by the
squar~ root of the number of samples. These sampling errors, which typi-
cally are about 0.3 dB, are then used to specify {Ao} for the first

iteration.

16



After the first iteration the 8d of the differences between all the
estimated friction velocities and the measurcd values is computed. This
calculated sd is then used to specify {AU} for the next iteration. The set
{Ax} is updated in the same way. The procedure is repeated for each itera-
tion. After 14 iterations the friction velocity and wind direction sd converge
to values of 0.9 dB and 9? respectively. These computed sd are in good
agreement with the first-guess values of 0.5 dB and 10°.

The updating of the set {Ac} requires that the modeling error be com-
puted. After the first iteration, we compute the varianze of the difference
between the measured NRCS Eij and the NRCS :ij computed from the estimated
parameters. This computed variance is the sum of two components, one due

to measurement errors and the other due to modeling errors, and is given

by

7

(1/n) E Z (0 - )2 = (1/n) Z Z (AoiJ mea + (ac iJ)mod

i=1 j=1 i=1 j=1
(38)

where n is the total number of measurements. The measurement variance

(4c2) equals the square of the sampling error. The model variance
13 mea ©9

(Ao J)m d is found from (38) by assuming that it is constant for each

measurement.

v
(Bo®)__ = (I 2y Dy (o - 5 0T = (el (39,

=1 i ij ij mea

The variance Ac2, for the next iteration is then assumed equal to the sum

1j

of the measurement variance and the model variance.

17



Aoij ® (Aoij)mea + (Aoz)mod (40)

This procedure is repeated for each iteration. After 14 iterations the sd

(Ao)mo of the modeling error converges to a value of about 0.6 dB.

d

18



Re sﬁlts and Conclusions

As mentioned in the previous section, the non-linear estimation of
the model parameters requires a. initial, first-guess for the set of
parameters. The first guess must be realistic if the estimation techmnique
is to converge. No a priori information on the model parameters is assumed
and as a result the parameters are free to vary from the first-guess values.

The initial values that are used appear in Table 1. The power reflec-
tion coefficient R is set equal to the Fresnmel power reflectivity of sea
water for normal incidence. At a wavenumber of 2.91 cm™!, the reflectivity
is about 0.61, depending slightly on the water temperature. As a first
guess, we assume that the Bragg scattering mechanism begins to break down
at incidence angles in the vicinity of 30°. Under this assumption, the

breakdown parameter t takes a value of 3. The parameters s,, s ., and p

1
appearing in the regional slope pdf are initialized to the values derived
from Cox and Munk's [1956] sun glitter observations of a clear sea surface. The

first guesses for the regression coefficients a, and a, for the capillary

1
spectrum amplitude are found from Mitsuyasu and Honda's [1974] measurements
of the capillary spectrum in a wind-wave channel. The narameter Ar is the
ratio of the first-order to the zeroth-order directional harmonic of the

wavenumber spectrum. The relationship between Ar and the ratio p of the

crosswind to the upwind rms slope is

ORIGINAL PAGE 15

POOR QU
AL=2 (1 -pH/A+ 0% OF (41)

The first guess Ar is found bv substituting the first-guess p into (41). The

capillary spectrum power law q is initialized to Phillips' |1966] value of

19



Parameters

TABLE 1. ESTIMATED NRCS MODEL PARAMETERS

First Guess

0.6090
3.0000
0.0492
0.1160
0.8660
-8,4300
2.2500
0.2860
4.0000

0.0010

Horizontal Polarization

Estimate
Mean Sd
0.4425 0.0100
3.6126 0.1033
0.0612 0.0034
0.0872 0.0026
0.9661 0.0038
-9.3980 0.2954
2.8226 0.2079
0.4649 0.0099
4.4970 0.1759
0.4932 0.0138

Vertical Polarization

Estimate
Mean Sd
0.4095 0.0099
3.8253 0.1007
0.0540 0.0035
0.0926 0.0029
0.9701 0.0044
-10.2008 0.3508
3.2118 0.2465
0.6356 0.0077
5.3281 0.1671
0.2447 0.0217

20



4 for an idealized capillary spectrum, Because of the lack of information
on the straining coefficient B, we simply assign to it a value near zero.
That is to say, we initially assume that no straining occurs.

Separate estimates are done for horizontal and vertical polarizations.
The parameters are independent of polarization, and hence the estimates for
the two polarizations should agree. In general, the agreement is fairly
good with the one exception noted below. In Table 1 the estimated mean
and standard deviation (sd) for each parameter are listed.

The estimate of the power reflection coefficient R is one third less
than the Fresnel power reflectivity. This decrease is in accordance with
the two-scale scattering theory, which predicts that the capillary waves
scatter power away from the specular direction. The estimate of the para-
meter t indicates that the Bragg scattering mechanism begins to break down
and becomes less efficient for incidence angles ranging from 30° to 40°,
depending on and increasing with surface roughness.

The regional slope pdf parameters Sg» Sy» and p are in fair agreement
with the first-guess values derived from Cox and Munk's sun glitter data.
It should be noted that our slope pdf excludes the shorter capillary waves
and that Cox and Munk's pdf does not. A noticeable disagreement occurs be-
tween Mitsuyasu and Honda's capillary amplitude regression coefficients a,
and a; and the values estimated from the scatterometer measurements. The
scatterometer data indicate a steeper increase of capillary wave amplitude
with increasing friction velocity. This disagreement is probably due in
part to the scatterometer data being limited to calm and moderate wind-ctea
states. We expect that the inclusion of rougher wind-sea states will tend
~o flatten the estimated capillary amplitude versus friction velocity rela-

tionship. The capillary amplitude derived from the horizont.l polarization
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data is larger than that derived from the vertica. polarization data. We
feel that the apparent inconsistency is due to wave crests that backscatter
horizontal polarized radiation but not vertical polarized radiation [Kalmykov
and Pustovoytenko, 1976). This backscattering adds to the Bragg backscatter,
making the capillary amplitude seem larger than it actually is, |

The capillary anisotropy ratio A, is larger than that derived from the
Cox and Munk data. It appears as if the short capillary waves are particu-
larly anisotropic. The estimated power law q is greater than iie val 2 of 4
for a pure capillary spectrum. The larger value is most likely due to vis-
cous attenuation, which is an important process for the capillarv waves
being viewed by the scatterometer [Kinsman, 1965]. The estius £ the
straining coefficient B has a positive value, and this indicat.. .aat the
capillary spectrum is higher on the downwind slope of the larger waves.
This result is in agreement with Keller and Wright's [1975] wave tank
experiment.

Once all the NRCS model parameters have been determined, the NRCS func-
tion for a given polarization is expressible in terms of three va: iables:
the friction velocity U,, the incidence angle Bi, and the relative azimuth
angle or between the friction velocity vector ﬁ* and the projection of the

incident propagation vector Ki onto the mean sea surface having a normal N.
> > - >
cos ¢_ = N (@) Ty / [|Bx @ ) |,,) (42)

The NRCS function 1is then simplv denoted f(61,¢r,U*).
Appendix A contains computer printer plots showing both the NRCS
measured during the JONSWAP '/5 experiment and the theor.cical NRCS com-

puted from f(ei,¢r,U*). For each polarization, 36 different wind-sea states
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were obscrved, ranging in friction velocities from 13 cm/sec to 53 cm/sec.
The tirst set of 36 plots is for horizontal polarization, and the second
set is lor vertical polarization. Each set is ordered according to in-
creasing friction velocity. The plots of the NRCS vcersus incidence angle
correspond to the straight line aircraft flighi., and the plots of the NRCS
versus azimuth angle correspond to the circle flights., The overali agree-
ment between the measurements 21d the theory is c¢xcellent. The rms dis-
crepancy is 0.7 dB, which is t’'e rms sum of the 0.3 dB measurement sampling
error and the 0.6 dB modeling error. We are particularly pleased with how
well the model reproduces the upwind-downw:nd asymmetry in the circle plots.
in the model, this asymmetry is due solely to the straining of the capillary
waves ~v the orbital motion of the underlying larger waves. Also, the model
closely tracks the experimental data through the incidence angle region trom
15° to 30°. This region corresponds to the transition from geometric-optics
scattering to Bragg scattering.

The NRCS function f(91’¢:’u*) ie abulaied in Appendix B. Each page
corresponds to a particular friction velocity and polarization. The inci-

dence angle &, ranges from 0° to 70° in 2° steps. The relative azimuth

i

angle 3 ranges from 0° to 180° in 10° st 's. The full 0° to 360° range
need not be shown because f(ﬂi,br,U*) is an even function of ¢r. The

range in friction vel ity is from 5 cm/sec to 50 em/sec, in 5 cm/sec steps.

ORIGINAL PAGE I3
OF POOR QUALITY
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APPENDIX A

Computer Printer Plots of the Theoretical

NRCS and The Measured NRCS
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FREQUENCY e 13,9 GHZ
HORIZONTAL POLARIZAT]ION
FRICTION VELOCITY o 30,9 CM/SEC
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THEQORY s %8t 9#

f1. sht line 1un JONSWAP 75 DATA » X
18 4 ]
*e0so ¥
X se0 % X
*XOXPEEX X X X XX X X X X X Xoxex X Xexeoxes
040409 } 4 *000)X 049 X X Y#XexOS
XSS YGASYX X XOX b0

Qe 30, 60. 90s 1200 1500 180¢ 210e 2400 270, 300, 330, 360,

RADAR AZIMUTH ANGLE EAST FROM NORTH

vs



NRCS

(D8)
-29.0
'2905
~30.0
=305
‘3100
«-31¢5
-32.0
3245
=33,0
=33¢5
=34.0
«34.5
=35.0
-3%5.5
-3¢.0
=36¢9
-37.0
375
'38.0
3845
-39.0
=-36.5
=400
«40e5
4140
-461.5
=4240
-42.%
-43,0
43¢5
-44.,0

a»
X

X
X
00552404

X

30,

FR

NRCS VERSUS AZIMUTH ANGLE

FREQUENCY o 13,9 GHZ
HORIZONTAL POLARIZATION
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FREQUENCY e 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY = 30.1 CM/SEC
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NRCS VERSUS INCIDENCE ANGLE
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FRICTION VELOCITY = 33,7 CM/SEC
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NRCS VERSUS INCIDENCE ANGLE
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FRICTION VELOCITY o 35,0 CM/SEC
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FREQUENCY = 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY 3844 CM/SEC
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RELATIVE AZIMUTH ANGLE » 3. DEG
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FRICTION VELOCITY = 1563 CM/SEC
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NRCS VERSUS AZIMUTH ANGLE

FREQUENCY = 13,9 GHZ
VERTICAL POLARIZATEION
FRICTION VELOCITY = 2043 CM/SEC
WIND OUT OF 158, DEGREES EAST OF NORTH
INCIDENCE ANGLE = 50, DEG
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FREQUENCY = 13,9 GHZ
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THEORY » #enee

“light 1ine run

16 4 4

OO X0¢2080X

b 4 000 X X oxX¢s X

*2000X X *0900 oxXed X X X
X 050509 %0 X 08400608

X X X X X X
X X X
X

90¢ 1200 1500 180 2100 240 270, 300,

RADAR AZIMUTH ANGLE EAST FROM NORTH

JONSWAP 75 DATA « X

X X X X
X 0408

*"e090

360,

£8



NRCS

(D8)
«24.0
245
=2%.0
‘2505
-260 ‘.‘
-2¢
-27\’4
-2%s5
'2800
2845
-29.0
=-29.5
"3000
=3065
'31:0
«31e5
=32.0
«32e¢5
=33,0
=33.5
~34.0
‘3‘0’
-3%5.0
=-3%.,5
~3600
‘3605
=370
‘3705
'3900
-3845
-39.,0

FREQUENCY = 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY = 23,] CM/SEC
WIND OUT OF 51 DEGREES EAST OF NORTH
INCIDENCE ANGLE = 65, DEG

THEQRY = #esse

flight line run JONSWAP 78 DAYA o X

14 4 11

06050
o X Xes%
Xe X X ox 20848)X00
X X %o X o)X X 0¢
® X *% p £
X ® o X ®
® X X e
* ® X & X
*X X X

Oe 30. 60. 90. 120, 150, 180, 210, 240, 270, 300s 330 360e
RADAR AZIMUTH ANGLE EAST FROM NORTHM

98



NRCS

(o)
-14,0
=145
'1500
=155
=-16.0
=16e5
-17.0
‘1705
-18,.,0
=1845
=190
=19,5
-20.0
’2005
-21.0
'2105
=220
=22e5
-23.0
=2345
-2440
=24¢%
'2500
255
‘2¢o°
22,8
':705
2&¢?
‘25-5
~2940

NRCS VERSUS AZINUTH ANGLE

FREQUENCY » 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY » 25,9 CM/SEC
WIND OUT OF 202+, DEGREES EASY OF NORTH
INCIDENCE ANGLE = 40. DEG

THEORY s #ssee

flight line run JONSWAP 735 DATA o X

16 4 9
s0x0
o X Xe
* X 20X
XeX0OXeO ® X X
e X X X X X »
X o * ¢ X Xe
xse . * o
° . . *
* . ox Xex
X Xe* oX *
L [ ] L *
Xe X *X X X
X - ] ]
L ] *X *X Xo
xXos 0

[+ 18 30. 60. 90e¢ 120 150. 180, 210, 240 270, 300. 330, 3060,
RADAR AZIMUTH ANGLE EAST FROM NORTH

<8



oOXOX#

0.

FREQUENCY & 13,9 GH

z

VERTICAL POLARIZATION
ON VELOCITY o 26,86 CM/SEC

FRICTI

WIND OUT

INC

OF 243« DEGREES EAST OF NORTH

IDENCE ANGLE » 20.

flight line run

19 4 5

X X XoX0X X Xx X

X0s0%»

30,

60.

*450%0

90.

TITL X (Y11
XeXOs®XOXEX X X

120. 150, 180,

DEG

%
X
X

210,

THEORY = stase

JONSWAP 79 DATA = X

(I X313 F 2211
X X X X0«0s ¥
X X XesoX X X X
O XtXO®
2640, 270, 300, 330, 360,

RADAR AZIMUTH ANGLE EAST FROM NORTH

98



NRCS

(08
~13.,0
=135
-14,0
1445
~15.0
‘15‘5
-16.0
-lb.S
=-17.0
°1705
=1840
-18e5
-1¢40
-194%
~2Ce0
‘20.5
-21e0
-21e5
=-22e¢
2245
=230
-23.,5
-24,0
26,5
-25.0
=255
-2640
-26e%
=27.0
=275
-28,0

NRCS VERSUS AZIMUTH ANGLE

FREQUENCY & 13,9 GHZ
VERTICAL POLARIZAT]ION

FRICTION VELOCITY = 27,8 CM/SEC
WIND OUT OF 24%. DEGREES EAST OF NORTH

INCIDENCE ANGLE = 40, DEG

flight line run

THEQORY » #04%e

JONSWAP 75 DATA e X

19 4 12

»OS%s
*0 X Xk%
X *X X *
X XessXtwa) os X X
os X sex X * X
[ X %0 o
X * X X
L 3
X ®
LI X
* ®
* X
[ ] X |
X X
e
30. 60 90. 120. 150 180, 210. 240, 270,

RADAR AZJMUTH ANGLE EAST FROM NORTH

*e
Xe

330.

360,

{8



FREQUENCY = 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY o 29,9 CM/SEC
WIND QUT OF 183+ DEGREES EASY OF NORTH
INCIDENCE ANGLE = 20+ DEGC

THECRY s #*é4%e

flight line run JONSWAP 7S DATA = X
18 4 1
L X
s )e X *e990 s00%¢ X X0X
X0b%e Vv L X 1 ] XX X X X Xs)xox X X Xob0
X0eot)e S0X®d X X 080X X X0xoese
Yyaxesexey X $OX Y hbN

X

Oe 30. 60, 90s 120+ 1506 180¢ 210¢ 2640, 270, 300, 330, 360,

RADAR AZIMUTH ANGLE EAST FROM NORTH



NRCS VERSUS AZIMUTH ANGLE

FREQUENCY » 13,9 6H2
VERTICAL POLARIZATION
FRICTION VELOCITY e 31,9 CH/SEC
WIND OUT OF 203, DEGREES EAST OF NORTH
INCIDENCE ANGLE = 65, DEG

NRCS THEDORY = S68%s

(08) flight line run JONSUWAP 75 DATA o X

_gg:g 16 4 14

-21.0

-2145

-22.0 X

=225 X X } 4

=23.0 X X X

=235 50054802

=24.0 X * [ 2 I

2445 TYAXSOH YO X o L ]

«25,0 ¢ 8 X L 4

-25,5 *d L ] o X

-2600 X # X ¢

=26¢5 Xe ([ L4

=270 L4 * *
‘27.5 Xe b §
-28.,0 L oX *
-28e¢5 o * *
-29+0 o * ) {
-2G.5 [ ] * ]
=30 o o * XOX
-30.5 o0 »e
=330 X X
-31.5% X

=320 X

=325

=3340 x X

'3305 X

=340

=345

«~35.0

Q. 30. &0, 90 120 150, 180. 210, 2640, 270. 300.
RADAR AZIMUTH ANGLE EAST FROM NORTH

360,

68



NRCS

{D8B)
=20.0
‘2005
=210
=21e5
=220
=22e5
=23.0
=23¢5
-264.0
=2445
=-25.0
-2Le9
'26-0
-2¢e5
'27.0
=275
=2bel
~lteb
=-2G4C
-2%e¢5
=3Cer
-3Ce5
=31,
-31..9
=3¢.C
=~32¢5
=33.0
=33,5
-3600
=34¢5
=-35.0

30.

FR

FREQUENCY » 73,9 GHZ
VERTICAL POLARIZATION
ICTION VELOCITY e 32,0 CM/SEC

WIND OUT GF 244. DEGREES EAST OF NORTH

60.

INCIDENCE ANGLE = 65, DEG

THEQGRY « #3804

flight line run

19 4 17

X X
X X X
X sss0nsee
X . *0
X X Xos X
so .
e *
. X X
° *
*
. *
X X
* °
. .
* *
s
* X
X
X
X
X
90. 120, 150, 180, 210, 240, 270.

RADAR AZIMUTH ANGLE EAST FROM NORTH

*X
*

* X
* X
*

300.

JONSWAP 75 DATA = X

330.

360,

06



-Veoo
sz -
-0 s

«2{sC

0%0%8%¢0
oXx X X so
b § X
xXe
xee
]
O 3Je £0e

NRCS VERSUS AZIMUTH ANGLE

FREQUENCY = 13,9 GHZ
VERTICAL POLARIZATION

FRICTION VELOCITY = 33,1 CM/SEC

WIND OUY OF 236 DEGREES EAST OF NORTH

INCIDENCE ANGLE = 30, DEG

THEQRY » se¢sb

fiight line run JONSWAP 735 DATA ¢ X

24 4 1
0%
® {
* X X %o
X X XX
* *
* X X
X X *X X *
» X X L
»e [ » X
Xxes X *
X®x xe ® XX X¢&
L | X 4 ¢ X &
' [ 4 ¢
40z * °F e

90, 12Ce 150 180« 210¢ 240. 277 300. 330. 3¢0,

RADAR AZIMUTH ANGLE EAST FROM NORTH

16



X

¢

Q.

FAEQUENCY = 13,9 GHZ
VERTICAL POLARIZATION
FRICYION VELOCITY = 33,2 CM/SEC
WIND OQUY GF 207. DEGREES EAST OF NORTH
INCIDENCE ANGLE = 20. DEG

THEGRY o #ésoe

flight line run JONSWAP? 75 DATA = X

17 4 1
X X
X X X oss)X

Ty X seeX X HX8X X

sesee) os0X X eXe)X X X¢s

seXE" osex X X0 X000
Xes08s04 ¢ X0n0s0Re)
X X X X X X X

X

4

30. 60. 90, 120. 150. 180. 210, 240 270, 300, 330, 360.
RADAR AZIMUTH ANGLE EAST FROM NORTH



NRCS
(oB)
‘1000
-10.5
-11.0
=115
-12.0
-12.%
‘13.0
‘13.5
‘1‘.0
‘1‘05
=15.0
=15.5
‘16.0
-16e¢5
-17.0
‘1705
-1860
-18.5
'19.0
«-19,.5
-20.0
~20e5
=210
'21-5
'2200
'2205
-23.0
‘23.5
~2440
=245
=250

NRCS VERSUS AZIMUTH ANGLE

FREQUENCY = 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY = 33.5 CM/SEC
WIND OUT OF 191. DEGREES EAST OF NORTH
INCIDENCE ANGLE = 40. DEG

THEORY & d4tes
JONSWAP 79 DATA « X

flight line run

18 4 6
*
*8) XO0#% X
X Xoe
[} ) *X
Y XOX* X ]
Xe X# *X
X X * ] X0
*e . X Xe
L X L £ 2 J
X [ ] b
s Xe X *
Xe * L ] ]
. * X [ ] ¢
] X %0 4
X %00 Xe80
X X ) ¢

0. 30. 60 90s 120, 150 180 210, 240, 270. 300, 330.
RADAR AZIMUTH ANGLE EAST FROM NORTH

360,

£6



FREQUENCY = 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY » 361 CM/SEC
WIND OUT OF 208« DEGREES EAST OF NORTH
INCIOENCE ANGLE = 40. DEG

THECGRY = ¢%se¢

flight line run JONSWAP 73 DATA & X
17 4 6
Shes
% X XX
¢ X *
seey *X xe
XOX X ose X X
os X Xo . ¢ X
. X . e
ox xe ;e X
° ¢ X xe
X * xe
N X * ¢
. . X *
xex X *X X
. . ¢ Xe
oxox sY o

%6

Oe 30, 60, 90 120, 150, 180, 210 240. 270, 300 330e¢ 360¢
RADAR AZIMUTH ANGLE EASY FROM NORTH



NRECS

(oe)
=1l€e0
-1645
‘17.0
‘17.5
~18,0
-18e¢5
'1900
-19e5
=20.0
-20.5
-21.0
=21e5
=220
-22.5
-23.0
=-23,.,5
=240
'2‘.5
-25.0
~25.%
=-2600
-26.5
~27.0
=275
-22,0
“2%45%
'2:.0
‘2;05
-30-5
-30.5
-31.0

NRCS VERSUS AZIMUTH ANGLE

FREQUENZY = 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY ~ 42,7 CM/SEC
WIND OUT OF 198. DEGREES EAST OF NORTH
INCIDFNCE ANGLE = 65. DEG

flight line run THECQRY = s&e8s
JONSWAP 78 DATA = X

18 4 11

*»
oX®X Xo)X
Xeo X ox
essstso0 * X
X X *e X % * X *e
% ® * X X

Oe 30, 60 30, 120. 150, 180. 210, 240. 270, 300. 330. 360,

RADAR AZIMUTH ANGLE EAST FROM NORTH

G6



<:Ea‘“ FREQUENCY o 13,9 GHZ
VERTICAL POLARIZATION

NRCS

(DB)
=150
«15.5
'16.0
=165
=170
~17e5
‘13.0
-~18.,5
=1940
-19.5
=200
-20.5
=210
-2145
=220
°22.5
=23,0
'2305
=2440
'2“05
«-25.0
~2545
-26.0
~26e5
‘2700
=275
~28.0
’2805
-29.0
-29e¢5
=3040

FRICTVION VELOCITY o 44,2 CM/SEC
WIND OUT OF 211e DEGREES EAST OF NORTH
INCIDENCE ANGLE = 65, DEG

THEQGRY o ¢oe e

flight 1ine run JONSWAP 75 DATx o X
17 4 11
o X
XOX X$o0X X
*0 »
9349044 xex o
XeX X X X X® oe ox
* X X . X
o X ¢ xe
Xe . X *
° * xe
° ® ox *
X ¢ ¢
. o X
* X X ¢
¢ x ¢ ¢
s se oe %0
X Xxeyx X

Oe 30, 60e 90¢ 1200 1500 180 210 240¢ 270, 300, 2330, 360.
RADAR AZIMUTH ANGLE EAST FROM NORTH



APPENDIX B

TABLES OF THE THEORETICAL NRCSE



NCIDENCE
GLE (QEG)

0.0
2.C
4.0
6.0
840
10.0
12.0
14.0
16.0
18.¢
20.0
2200
2400
2640
2840
30.0
32.0
34,0
35,0
3z,C
40,0
44,0
46.0
48,0
2060
:2.0
54,0
56.0
5840
0.0
6240
Gbe”l
[ X144
68,0
70.0

O«

lée?7
144
13.4
11l.7

93

602

2.4
-2.2
-7e¢%
-13.7
-1%.7
=2449
=-2Pq2
=36+5
«32.4
-34,1
«35.9
=37.3
=353
=402
~4le5
-‘2.8
-44,.1
'9505
-450eb
-57e9
~&49,. 4
=50e3
-51e5
=528
«54¢0
-5%¢3
-5be7
-vEel
=59.5
=b5le0

10.0

1407
14,4
1344
11.7
93
6e2
244
242
7.7
-12,7
’23.3
=22.1
~26e4
=36.7
=32.6
=34,3
=359
=374
=389
=-40,3
-4l.7
-43.0
-8642
4545
~36e7
-h6,4C
”9902
“50e4
=51.86
5249
-34he2
=55.5
=560
-92842
-5906
=6l.1

20.0

1667
last
13.4
1le7
9e3
6e2
243
=Zeb
79

30.0

14,7
) LYY
13.4
11.7
9.2
6ol
2.2
~2e5
-B.O

“0'0

1‘.7
lao4
13.4
1l.6
9.2
640
2.0
~2e7
=343

*l6e0 =14¢3 ~i4,.7

~2%e3
~25%.5
-2he9
-31.1
-33.0
=-33.7
=36,3
-:7.&
=373
=43.7
=420
-63.3
=-44.4
~4548
-47e1
=&ce3
=495
=20el
«-52.0
-53,2
-5445
-55.0
~57.1
-58e5
-59e9
~6le%

-20.¢
=264l
'29.6
=31.6
-33.7
-25.3
~3t.e9
-39,4
=3%.€
-4i.2
62,6
-43,9
“‘1.1
=464
-47.,6
-6C,9
=-5¢.0
-51.3
~5249
~53,7
“55.0
=50.3
'5706
-59.0
-00.4
=520

'21.‘
-27.0
=3Ce 4
=-3247
=34,5%
’36-1
=37.7
'3‘7.2
=4ue 8t
-42.0
63,3
=h4eb
-4549
-570‘
~413413
k45
~5%e8
-5249
=53.2
P TE)
-55%.7
‘57.0
-9re3
-29.7
-6l.2
~6247

FREOQUFNCY & 13,9 GHZ

HORJZONTAL PDLARTIZATION

FRICTION VELOCITY =

50.0

14,7
l4e4
13.3
11.6
9.1
59
1.9
-3.,0
-a.b
-15,1
~21e9
277
«31e3
=335
=354
-37.0
=3ceb
-40.1
-41.5
6249
ehh,2
-4545
"06.7
~43,0
-hG42
~hueh
-51-¢
-5205
'55-1
«-55.3
5666
-572.9
-59.2
-6J3e6
=520
~b6346

60,0

14,7
1464
13.3
11.5
940
5.8
1.7
-1,2
-B8.9
=1%e5
2244
~2d844
-32,1
=3444%
=3€,3
’37.9
=35,.5
-41,0
6244
-43,8
"5.1
=46e4
'47-?
-4Be9
-5G.1
=146
“2246
=%3.8
=55.0
“$6.3
=5745
~58,8
-60e2
~6l.6
-563,0
=645

540 CM/SEC

RELATIVE AZIMUTH ANCLE (DEG)

M.0

14,7
444
13.3
11.9%
9.0
547
1.6
-3.3
7.1
-1%.8
=229
-29.1%
-32,.,9
-35.3
=37,.1
=30,9
4", 4
=41,9
=433
—hbe?
-65.0
47,3
-4946
-49,8
~1,1
-5?,3
-5105
-24,7
-5640
=572
59,5
"59.8
-61.1
-67e5
-64.0
~6%.5

80,0

14.7
Jaob
13,3
11.5
9.0
Seb
143

- 3.4
-9,3
-15.0
=232
‘?qo5
'33.5
-35,9
=37,8
=39,5
~41,1
=426
°6‘-°
=650
'66.7
~4B40
-64Q,413
=516
-51.8
=53,9
5442
«55,%
'56.7
-58.,0
-kQ,2
6046
-61,9
-63,43
64,8
-6643

90,0

14.7
1444
13.3
11.5
89
Seb
1e5
-3,9
~93
-16.0
~2343
~29,8
-33,.8
-3642
'38.1
-319,8
-41l.4
=429
-“4.3
~4547
-"101
4844
-‘qob
=504
-52.1
=534
5446
-55,.8
-57.1
~56e3
«“59e6
~6140
-62.3
-63,8
-H5.2
~h6e8

100.0

14.7
l4ed
13.3
11.5
9.0
Seb
15
-3:4
-9.3
~16.,0
-23.2
-29.6
-33.7
=36e1
«38,0
=-3G,7
~41e3
«42.8
=h442
~45eh
'“7.0
-4843
4540
=509
=52,1
=-5%32.3
-5‘.5
«55.8
=57.0
=538.3
~5946
=-5049
-62.3
-63¢08
~65.2
~66e8

110.0

14.7
14,4
13.3
115
9.0
5.7
1.6
-3.3
-Qll
-15.8
23,0
=293
-33,3
“35.,7
~37e6
*36.3
«~40.9
=4244
-43.0
=45,2
=4beb
479
“49.1
=%0.4%
-51.7
=52,.9
=5441
=~55,4
=5646
=57.9
«5%9.2
=80e6
=-62,0
=634
“64e9
=6605

12040

1467
1604
. 13.3
1165
90
5.8
1e7
=-3,2
=849
=155
2246
2849
=329
=35,3
=37.1
«38,8
=404
~-4149
-43,3
~h&e?
-46.0
-4743
=4Be¢6
-4949
=51.1
=52.4
53,6
=548
‘5601
=57e4
5847
=603
=-61e5
6249
~bbheb
-66e0

130.,0

14,7
16.4
13,3
1146
Sel
5.9
1,9
«340
~8eb
'15.2
=2262
=28,.5
«32+5
=34 ,9
=3847
«3844
=39.9
=4le4
=4248
“ﬁ.z
45,5
4648
=48,1
-“9.3
«5Ceb
-51.8
=5340
=54,3
5540
-56.8
5862
«59.5
=60.9
=62e4%
63,9
*6545

1400

14,7
lbeb
1343
1106
92
6.0
240
2.7
=Bed
~14,8
=21.8
~28,1
~32,2
=3446
=36.4
380
*39,.,6
~41.0
~h2e4
4348
65,1
=464
=476
40,9
=50l
~51e3
=528
«53,8
*5%5.1
=564
=577
‘59.1
0005
519
63,5
~65el

150,0

14,7
l4eb
13+%
11.7
962
6.1
262
=249
=841
“14,5
21,4
=278
=32.0
3404
=362
*37.8
«39,3
=40.7
62,1
ch3eb
ohbe?
46,0
=473
=48e¢5
=457
=51.0
52,2
*53,5
=547
=560
’9703
*5B,7
'6001
'61.6
~63,3
=bbe?

16040 17040

16407 16,7
Ybob 1646
134 1344
11.7 1147
93 9e3
6.2 6e2
23 2%
w20k =2,3
*Te9 =747

“l4e2 =14,.0
21,1 =20,8
=278 =272
=317 ~-31.%
=34:2 =34,0
«3640 =35,8
=37¢6 =374
=39,]1 =38,%
=405 ~4044
=419 =61,.7
*63e2 43,1
chbheh =444
=450 =45,6
*47e¢0 =4649
4803 =4B,1
-~°05 -‘9.3
«50e7 =50.6
~52+0 =51.8
=5342 ~53,0
=54e5 =54,3
*55.8 =55,6
«57e1 =569
*5804 =58,3
=59e9 =56,7
=6le3 ~6162
*62:9 =62,7
“bbe5 =64,4

]

;
E

F9vd TVNENEO

|

1607
1606
Ry I
11.7

93

6e2

206
=2e2
oTe?
139
«20.8
=271
«31.5
=340
'3’03
3764
=38,9
4003
=437
o430
=hbe3
4546
e4beB
=406
=493
«5045
«51.8
*53.0
=54e3
«55.95
5609
=5002
59,7
=6lel
627
=64¢3



NRCS TABLE IN DECIBELS

e3
FREQUENCY » 13,9 GHZ %g
HORIZONTAL POLARIZATION
FRICTION VELACITY = 1060 CM/SEC @
INCIDENCE RELATIVE AZTMUTH ANGLE (DEG)

ANGLE (DEG) 0.0 10.0 20.0 30.0 40.0 50.0 €00 70,0 680,00 9040 200,0 11060 12040 13040 140.0 1500 160.0 170,0 180,0
0.0 13,0 13,0 13.0 13.0 13,0 13,0 13.0 130 13,0 1340 13,0 1340 13,0 13¢0 1340 1340 13,0 13,0 13.0
2.0 1268 1248 12¢8 1248 1248 1248 1248 12,8 1248 1268 129 1248 1248 128 128 3209 1248 1248 12,0
4.0 12¢1 1201 1201 1261 12.1 1241 2201 1241 12,1 1261 1241 1261 1201 1261 1241 12e1 12,1 1241 12,1}
6.0 11.0 1140 110 1140 13eG 109 10.9 1049 10,9 1Ce9 10,9 10.9 10.9 209 11,0 311:.0 31,0 111.0 11,0
8.0 Qet Feb Yo Q¢4 Y93 Q.3 9.2 9,2 9,42 9e2 9e2 9.2 Gel Ped 943 Qb Ve Fe b b

10,0 Teb Teb Te3 7¢3 762 7.1 7ol 7.0 7.0 7.0 7.0 7.0 701) 7.1 702 7e3 7e3 Teb Te b
12.0 4.8 he b 4.8 547 4.6 4e5 Gob 4.3 442 LYY+ 4e2 Ge3 4o 4 4e5 L XY ) 4.7 6a? heB 4,8
1400 le8 1.7 Y ) le5 le4 le2 1.1 1.0 9 9 9 1,0 1.1 1.2 1.6 15 1.6 1s7 17
16.0 =1le8 -1l.9 =240 ~-2e2 ~Ze3 248 =27 -249 «3,0 «3.0 -3,0 “249 -2.7 w246 2.4 =262 =2.0 1.9 =1,9
18,0 -5.9 =-¢teC -tel “teh -beb -6e9 -T2 -Tek «T.9 '7.b -7«5 “Tel -T7e2 =69 ‘6.7 -b5e% -6.3 °bo2 .b.l
230 =1Ce4 =1iCe4 =10e7 =110 =1l04 =2147 =124l =1244 =128 =~12.6 =12,6 ~120% ~1242 ~1149 =1146 =1103 =11,1 =10.9 =10.8
22.0 =1l4e7 =186t =1%02 ~1%47 =1Ce2 *1H47 =1762 =176 =17.9 =“18¢0 =179 =1747 ~17.4 =17.1 -16.7 ~16:% -‘601 -1509 .1509
2440 “léed =165 =18e9 =1%946 =20e3 21e0 =21e7 =2203 22247 =22.9 =228 =225 =2201 =2108 =21:5 =21,2 «20.,9 =207 =20,0
260 =208 =250 =21¢6 =2243 =2342 =24,0 =2048 +2545 =264]1 =260¢3 =2602 =259 =25:5 =252 =24¢9 =24,7 =24,6 =242 =241
2840 =2249 =234] =236 =24¢3 «2542 =260l =2849 «2747 20,4 ~28¢7 <26:6 =2842 «27¢8 =275 «2702 =27e0 =2068 =26.,6 =264,6
30.0 24648 =2540 =2%44 ~26041 <2740 =27¢9 =28,8 =29,6 =30 43 =30e6 =30¢5 =304) ~29.7 29,3 -29.1 =28.9 =28,7 -ZB.S -28e%
32.0 <2605 =20eb =27el =27¢8 =2840 ~29¢5 =204 =3143 221,99 =3243 =322 =31e8 =~31,3 =3140 =30e7 =30e% =30.,2 =30s1 =30.0
34,0 “2€s]l =2842 =23806 =942 =306l -31e0 =31,9 =32.8 =33,5 =313.,4 "33'7 «33,3 .3259 -3Z.5 .3202 =31e9 .31.7 .3106 .3:.5
36.0 =2G46 =29e7 =300l =20e8 =31,8 =326 =33e4 =3443 =35,0 -35,3 ~35,2 =36,8 3443 =3349 =33.6 ~33,3 *33,1 =33,) =32,9
38.0 =31e0 =31l ~3145 =12¢2 =329 =233eH =34,43 =35,7 =36544 =38e7 3605 =662 =3547 =35,3 =34,9 =34e7 =34,5 =343 =34,
4049 =32e6 3245 =2249 =33.5 =34.3 -35,2 =36e¢l ~37.0 37,7 =3del =38,0 =3706 =37,1 =3566 =36¢3 =36,0 *35,0 =35,6 =35,6
4260 =337 =338 +3642 =3448 =3546 =364 =374 =38, =79, =39,4 =39,3 ~38,9 ~30e% =37+F =3Teb =37¢3 =37,0 =38¢9 =36.,9
46,0 350 =35%54]1 =355 =34e) =3608 =37.,7 =38,7 =239,6 “4D0¢3 «40e7 =4(+6 =4042 =39,7 =39,2 =388 -38¢5 ~38,3 =3662 '33.1
4660 =36e3 =36.4 3603 =373 23841 =39¢0 =399 =6048 =41,5 24109 =41,9 =41,e5 *41¢0 ~40¢5 =40,1 =39,8 =39,5 =39,4 =39.%
48,0 =3745 =374¢ =38¢N =386 =3943 =40.2 ~%lel =642,1 =42,9 24342 =43,1 24247 4242 =41e7 =41e3 ~41le0 =40e8 =40eb& =40,6
50.0 =38e8 =3849 =35e2 =39e8 =4lel =41.4 =42.4 =H343 ~204,0 =494 «86,3 244,00 =43,5 =43,0 =02,5 42,2 =42,0 =61,8 =41,8
5240 =4l s0 =906l =4Ceb ~41e0 =31e7 ~4624.06 =46346 =44,5 «4543 =4546 =45,6 =-45.,2 ‘4‘.7 -6‘.-2 ©43e8 =~43,4 -‘3.2 "301 -‘3.0
S400 “41e2 =934e3 =4leb =02¢2 =9249 =9348 4448 =45,7 “8he5 =46¢9 =hte8 *36.%5 ~49,9 “45e4 =45.0 =64e7 =hhobh =44e3 =hée3
56.0 =428 ~4205 =4249 ~4344 =44.1 =45.0 46,0 “4he9 =47,7 =28, ~48e) =4Te7 «47,2 ~46e7 ~h8e3 2b5.9 «45,7 =65,6 ~45,5
580 =436 =43.8 =840l =466 <3549 4642 =47e2 =49.7 ~48,9 «49,3 =4Ue3 49,0 ~46,5 =48,0 =47e5 =4T7¢2 =47¢0 =46e8 =46¢0
60.0 =bh6e9 <4540 4563 ~45e9 4606 ~4Te5 ~4Be5 =69,4 =502 =536 ~50e6 =50e3 ~49,8 «49,3 =48,06 =489 48,3 ~4B8,1 =48,12
62.0 =Q6e2 =904 —Gb6eb ~47¢2 =479 =4B8e8 «49,7 =50,7 =8165 ~51¢9 =519 =51e6 =5),1 =50e6 =5042 =498 =49,06 495 =49,4
64,0 ~47e5 =474¢6 ~4749 =48e5 ~49¢2 =500l =5140 =52,0 =52¢9 =5343 =53¢3 =5249 =52.4 =51¢9 =51¢5 =5142 =51,0 =50,8 =50,0
tbe0 =468 *48,9 =49e3 =498 ~50e5 =51084 =520% =5308 =54,2 =B5446 =5447 =543 *53,9 =53,4 =52,9 =52,6 =52,4 =52,3 52,2
68,0 =5062 =5003 =5007 5142 =519 =52e8 =5348 «5448 «55,6 =5b4]1 =56¢1 =95¢8 =35,3 =54,8 =54,& «5441 =53,9 =53,7 =53.,7

70.0 =517 ~51e8 =524l =5247 =5344 =543 =55.3 =563 ~5T,1 =5746 =57e6 =5703 =5609 =560 =5660 =5%5.6 ~55,4 =55,3 =55,8



NRCS TARLF IN DECIBELS

FREQUENCY = 13,9 GHZ
HORIZONTAL POLARIZATION
FRICTION VELOCITY = 15,0 CM/SEC

INCIDENCE RELATIVF AZIMUTH ANGLE (DEG)

ANGLE (DEG) GeQ 1040 2060 3000 400 5060 600 7040 87.0 9060 1000 110N 12060 1300 140.0 1500 260.,0 170,90 180.,0
0.0 1202 1262 122 1202 1202 1202 1262 1242 1242 1262 1262 1262 1262 12e2 1242 1262 1202 1242 .1262
2.0 1260 1260 12.0 32,0 12¢0 1240 1240 1260 1740 1240 120 120 1240 1200 22,0 12,0 12.0 12.0 112.0
LY ] 11e% 1165 11e% 1le® 11led 1led 21edh 214 1led 11604 2104 1164 1leé 1104 1leé 1le4 1lleéd 1168 11,5
6.0 1065 1Ce5 1Ce5 10.5 1065 1065 1065 104 10,46 1004 10.4 1Ce4 105 1005 10.5 105 10,5 105 10.5
8.0 9e¢3 943 942 9.2  %e2 9.1  %el 9.1 960 90 9.0  Fel 9.1l Gal 92 Fe2 942 93 93

10.0 7.6 76 7.5 Teb Teb Teb 7e3 7e3 Te? Te2 T2 Te3d 73 7ot Ted Te5 75 7.6 Teb
12.0 5.5 5.5 5.5 Set %3 5.2 5.1 Sel S5.0 5.0 5«0 Sel S5e1 Se2 5¢3 Se6 Se6 55 S5e5
1640 3.0 3.0 2.9 2.8 247 246 245 2.4 .3 23 2.3 Sl 2.5 240 2.7 248 249 3,0 3.0
16.0 ol el «0 -ol ~e3 -5 ~eb ~eB -8 -eQ -8 -8 =-s6 -5 -ed ~e2 =el Qo 0
18.0 -3,1 342 ~3.3 =3.5 -3.8 -4,0 -hel ELYY Y 4% -4e5 L TY-] ~hol =422 =40 =-3,.8 =367 =3.5 3.4 -3+3
2040 -6e7 ~te8 =70 =-7.3 ~Teb =-7e9 -B8e2 “Vek =B eb -Be? ~Beb ~8e8% =Be3 =840 -7.8 =Teb  =7eb “T7e2 .702
2240 =lle3 =10Ush ~10:7 =1l1a) =116 =121 =1244 =128 =1240 =135l ~13.0 =129 ~12e6 -1263 =1261 ~11¢8 =11e5 =1l1lo4 =11,2
2640 =13e4 =136 =140 =14e6 =153 =159 =1bed =159 =1743 ~174¢4 '1703 *17el ~16e8 =106e5 =1642 =15.9 =157 '1505 "50‘
2640 “1%e8 =1l0el =1645 =170 =18e0 1848 ~19¢5 =2042 =217 =20e9 =2048 =20e¢5 =200l =19:9 =19¢6 =196% =191 =18,9 ~16,86
28,0 “17e6 =178 ~1843 =19¢1 =2040 =208 =216 =22¢4 =2340 ~23¢3 =232 =2:08 +2204% 2202 =220 =21e8 =2145 =2143 =21,2
30,0 “19e3 =1Ge% ~2Cs0 <2067 =216 2249 =2364 =284] =24e8 =25¢) =2540 =248 =24.:2 =23,9 2347 -2305 ‘23.3 '2301 ‘2’.!
32.0 =210 =2102 =2107 <2244 =2303 ~2902 =250 =2%e9 =26/45 =26649 ~206.8 =2604 ~2640 =2546 =25,4 «25.2 =25.0 =2448 =248
34,0 =220b =2208 =23e3 =2h,0 =26.8 ~25.7 =2606 =27eb4 =241 =?B¢5 <2844 =2B¢0 =27¢5 =27¢2 =269 =26e7 ~2645 =264 ~2643
3640 “2442 22443 ~23%43 =258 2843 <2141 ~CHel =299 =276 ~0.,0 =2%5,9 =295 =27.0 =28,7 ~28e% =28s) =2749 =278 =277
38.0 =25e0 =2948 ~26e2 =208 =27¢b =27e5 =295 =3Ne3 <3140 =31eé =31,3 —3049 =30e5 ~3001 =29¢7 =29¢9 =2943 =29.2 =29.})
40.0 =27e0 <272 =2Teb =2802% =29e0 =29¢9 *2908 =317 =32,46 =32,8 =327 =32¢3 =31e8 =31e4% =311 =300 =306 =30:5 =30.4
42.0 =260% =2845 =289 =295 ~30¢3 =3142 =32e1 =33eD 37,7 =3441 =34,0 =336 =3342 32,7 =324 =3261 =319 =31,0 ~31.7
4440 22907 =29¢8 =30e2 =3048 =31eb =32¢4% =3344 =3447 =35,0 =25,4 =35,3 «3449 =3465 =36400 =33¢86 =3304 =3342 =33,0 =330
46,0 =30e? =3lel =3108 =32,0 =328 =33,7 =348 =3545 =3643 =36e7 =23646 =36¢2 ~3507 =3%43 =34,9 3446 =344 =3443 *34,42
48.0 =3242 =3243 ~3247 =33.3 =3440 =36,9 =3549 =3449 =374% =379 =3748 =3745 =370 =365 =360e1 =35.8 =35,6 =35,5 =35,4
50,0 =334 =33¢5 =33.49 =3%e5 =35.2 =36el +37e1 =380 ~38.R =394]1 ~39,1 =3847 =38¢2 =378 =23744 =370) =36e8 =36-7 =38,7
$2.0 =364.5 =368 =35¢1 =3547 =36e4 =3T7e3 =37e3 =372 =4740 =@Us& ~6l0e3 4000 =39,5 =394 =38,6 =38,3 «3P,] =37,9 «37,9
5440 =3569 =3Le0 =3%e3 =3te9 =3Tel =285 =335 =604 =41e2 ~41leb ~6)1,86 =4).2 =40e7 =40,2 =39,8 =39,5 =39,3 =39,2 ~39,1
$6.0 =37e1 =3742 ~37¢5 =38e] =38e8 =39,7 ~40e7 “4le? =67,4 =428 =428 ~42¢4 =420 =4le5 <41l =4Ge7 ~40e5 =40e4 -¢0,.)
5849 =3843 =38.4 -3848 -39.3 =40.1 “40.9 ~4109 ~47,9 =843,7 =66,]1 =46,0 ~03.7 =43e2 =427 =42e3 =420 =4148 =61¢6 ~4].6
6C.5 =37%05 =3947 =400 =40s5 =910a3 =642,2 =4342 ~4%e]l ~46,9 ~65¢3 ~45,3 4560 ~44e9 =460 ~03,6 24343 «63e] =62,9 =62+9
6240 “6009 =40e9 =~41s3 =61eB =425 =0 isb =0404 ~4544 =04Hh 2 ~45e6 =0Les5 =463 =858 =65,3 =44,9 =460 =840 =64,2 ~§6,2
6440 ~48Z2el 24202 =024YH ~93e)l =038 =88,7 =4947 =hb¢7 =875 4769 24709 ~4Teb =070l =4b6e7 =400l =645.9 =65,7 =45, =45.,5
6640 4368 =93,95 =63,9 =hb,4 =45,) =06,0 =47e0 ~48,0 24848 =493 =4F43 =430 =484¢Y =48,0 =476 247.3 =4T7e¢] =472 =46,9
6840 28608 =06eF =84543 *45,5 =46,5 =47,4 =484 =43,4 =5%,2 =50,7 “50eT7 =50e% =50e0 =49¢5 =49c]l =43e8 =48, =484 =48,4%

70.0 ~h6e3 =4beh 4607 =472 ~48¢0 =6848 =498 =50e8 +5147 =5242 =52¢2 *5109 =51¢5 =5160 =50e6 =5043 =50s1 =50,9 ~49,9

001



(

NRCS TABLE IN DECIBELS

FREQUENCY = 13,9 GHZ
HORIZCONTAL POLARIZATION
FRICTION VELOCEITY = 20,0 CM/SEC

b W00

RIrIV
& #9vd TV

YNSIDENCE RELAYIVE AZIMUTH ANGLE (DEG)

ANGLE (DEG) 060 10e0 2060 20.0 400 500 60.0 70,0 80,0 90,0 1000 1100 12060 13060 14040 1500 16040 170.0 180.0
0«0 1146 1le6 11e6 1146 1166 116 11e6 1168 17,6 11¢6 1146 11,6 " 11eb 116 11.6 1146 11eb 1166 "11e6
2.0 1165 1165 1365 11695 11e5 1169 115 11e& 2164 11086 1164 2leé 1le5 115 1165 115 115 11.5 11,5
4e0 11e9 11690 113 110 110 11.0 11e0 1069 1049 1069 10,9 10.9 110 110 11,0 11.0 11.0 11,0 11.0
6.0 1002 10.2 10.2 10,2 10s2 10,1 10el 10e1 1042 106l 1061 1041 1061 103 10.1 1042 10,2 1042 10,2
8.0 el 941 9l 9.0 S.0 9.0 6.9 8.9 3.9 8.9 849 8,9 809 Q.0 90 5.0 9,1 9l 91

10.0 76 Teb 7¢6 7¢5 75 Teb Teb Te3 Te3 7.3 7.3 Te3 Tab Teb 7.5 7e5 Teb Te6 7.6
12.0 5.8 5.8 5.8 Se7 S5¢6 545 $e5 Set 50 5.4 5¢4 566 5¢5 S5e5 5¢6 57 5.7 5.8 58
14.0 3.7 3.7 3.6 3.5 3e4 3.3 3.2 3.1 3.0 343 3.0 3.1 3.2 343 304 3¢5 365 36 7Y
16.0 142 1.2 1.1 9 Y] 6 'y oh 3 2 3 o3 »5 b o? 9 1.0 1.0 1.1
16,0 =leb =-1ls7 -1l.8 =240 -2e2 -2k -2¢6 ~7e8 249 ~-2.9 =249 w248 2.7 =2e¢5 =243 -2.2 -Z.O '109 -109
20.0 =he7 ~4eT 49 =502 =565 =58 <=bel *beT *He5 =6¢5 =b6e5 =6e3 =6e2 =600 =5.7T =5.5 =5,46 =5,2 =5,2
2240 7.7 -7.8 -84l “245 ~Ge0 -“Qete =948 =10.1 ~10¢3 =10,4 =-10.3 =-10,1 -9+9 ~9e7 -9e¢b %2 =90 ~8.8 -8,8
26,0 =10a% =105 =110 =11e6 ~12¢2 =12¢8 =13e3 =1767 =14¢0 =14¢2 ~14el ~13,9 ~13,0 =13e¢3 ~13,1 ~12.8 =12.6 =12e% =12,3
26.0 ~1245 =127 =23e2 =13.9 =164e7 =15¢5 =160l =16e7 =172 =1744 =17¢3 =17:¢0 =16:7 =160& =16:42 =16:¢0 =15,7 =155 =15,4
28,0 =164l ~19¢3 =14e9 =157 =165 =17¢4 10801 =18e8 =19¢% =19,7 =196 =19¢2 =1869 =18s6 =168e5 =18e3 =18+0 =178 =17,7
3040 ~15e6 =1%7 <1643 =174l ~1840 ~18:9 =19e7 =205 =2141 =214 =2163 =20e9 =20e6 =2003 =20s) =1949 =19:7 =1945 =19,4&
32.0 =176l =17¢3 =178 =18eb =195 =2004 =2142 =22¢0 =22,7 =23,0 =22¢9 =225 =2241 *21e9 =21e7 =2145 =21e3 =21l =21+0
3440 =1Buf =18e9 =19,4 =20e2 =21¢0 =219 =2268 *2346 =24¢3 224,06 =245 =24¢2 =236 =234 ~23,2 =230 =22:8 =226 ~22.6
36,0 22003 =20:5 =20e9 =2106 =22¢5 ~23¢% =24¢3 =25¢V =2548 =2642 =260l =2%9¢7 =25e3 22449 =2407 =244% =2402 =24.1 =264+.0
38,0 *21e3 =21e9 «2204 =231 <2309 -2448 =2547 ~26e6 =273 =296 =2705 =270d =2607 =2603 2640 =258 =25:6 =25:5 =25,6
40.0 23,2 2303 =23,8 =2%44% =2%5,2 ~2641 =274l ~TTe9 =2R,.H '29.0 'Zaog «28¢5 =2841 =277 ’2104 -270l -2609 'Zﬁoe -2603
42.0 -24.5 «2he? =2501 =2547 “26e5 =27elh =2B4s% =2.03 =30,0 ‘30.3 '3003 «29.9 =2944 =2940 =28,7 =28.,4% -23.2 -28.1 -23.0
44.0 ~2569 =20600 ~2609 =270 =278 =297 =29¢6 =30e6 =3163 =314 =316 =3142 =307 =3003 =29¢9 =29¢7 =29¢5 =29¢% =29,2
46,0 =2T7el =27¢3 =277 =23:43 =29¢0 2949 =30e9 =318 =32,5 =32,9 =328 =~32,5 =32,0 “31leb =312 =309 =30,7 =306 -3005
48.0 =~280e% =28e5 =2849 =29¢5 =30e¢3 3142 =321 =33,1 =3348 =34,2 =34¢]1 =33.7 =33+3 =32,8 «32,4 =32,2 =319 =318 =31,8
50.0 “29e6 ~2948 =300l =307 =3105 =32¢% =33¢3 =3403 =350 =35,4 =353 =350 =345 =3440 =33,7 =33,4 «33,2 =33.0 =33,0
52.0 =30e9 «3140 =3103 =31e9 =32,7 =33,6 =34e5 =358 «364? =3606 =366 3802 =357 =35e3 =34¢9 =346 =344 ~34,3 =34,2
5440 =32e) =32¢2 =325 =33el =33.9 ~34,8 35,7 =367 =3744 =37,8 ~37¢8 =37¢9 =37e0 =366¢5 =3641 =35.,8 =35,6 =35.9 =35,6
56.0 =33,3 «3344 =37148 =34,3 =3541 =360 ~36¢9 =2749 =30,7 «39,]1 «39,0 «38,7 =38¢2 =377 =376¢3 =37¢0 =36¢8 =3847 =3647
5840 =3465 =3446 =35.0 =35¢9 =3te3 3742 =384a2 ~3%1 =319:9 =40.3 «40¢3 =40.0 =39¢5 =39,0 =386 =38,3 =38¢1 =38,0 =37,9
¢0.0 =357 =359 =302 ~3808 =37.5 =3%e4 3944 ~6Ne3 =blel «041leb =01leb =41e2 =40eT =40e3 3649 =39,6 =39,3 =35,2 =39,2
£2+0 =270 =376l =3705 =38e0 =38e7 =39¢0 ~40e6 =4leb =02k =42,8 «424,8 «42,5 =420 =4leb ~41le2 =40¢9 =606 =40e¢5 =40.5
t6.0 =36e3 =384 =3347 ~3743 ~40e0 =40e9 =41le9 “4269 =43,7 ~hb,) 4402 =438 ~430h 42,9 =42,5 =42.2 =42.0 =41.9 =41,8
£6,.,0 =36eb =397 =40.0 ~40e6 =81e3 =4242 4362 =442 =450 =4545 =45e5 4542 “440e7 =44e3 =43,9 =43,6 =634 =432 =63,2
68,0 =100 ~4lel =9led =42.0 =492¢7 =43,6 ~44e6 =65:6 <4644 =46:9 4609 =4506 5602 =45:7 =45¢3 =65,0 =44,8 ~4he7 ~44,6

70.0 T424% =52e5 =42e8 ~43e8 =4%01 ~45.0 =4Le0 =4Te0 ~4TeB ~48¢3 =4Beh =48s]l =476 =4Te2 ~46e8 ~4850e5 =Lb6e3 ~=4bel =46,1

101



NRCS TARLE TN PFCIBELS

FREQUENCY » 14,9 GHZ
HORIZONTAL POLARTZATION
FRICTION VELNCTITY = 25,0 CM/SEC

INCIDENCE RELATIVE AZIMUTH ANGLE (DEG)

ANGLE (DEG) 040 160 2040 30,0 4Ge0 50,0 €0.0 70,0 80e0 9040 1000 11040 12040 13060 240.0 150.0 16040 170.0 220.0
Ce0 1162 1162 11e2 11e2 1lae2 1162 11e¢2 11¢2 11e2 1142 1le2 11e2 1162 11e2 1162 11.2 11e2 11.2 _11.2
20 11« 1141 13el 114} 11el 2led 1161 210l 2163 1lel l1iel 1lel llel 1lel 116l 21.7 2161 1161 11,1
4.0 10e® 1006 20e6 10Ues 1Cebd 1066 1006 106 10eh 1005 1Cebd 1044 12,6 106 10e6 1006 1066 1066 1006
¢, 0 9.9 Ge9 Ge® De% Se¥ 3¢9 9.8 9.8 9.8 Qe3 948 9.8 9.8 Qa9 9.9 V9 Ge9 949 9.9
8.0 2.9 849 BeY be9 8.8 Beb 848 RBeB Re? 8e7 Be? 848 8.8 8.8 Be8 6.9 8.9 -] 8.9

1C.0 76 76 7e6 75 ?ed Tet Teb 73 7e3 Te3 7e3 7.3 Teb Tet Te5 Te5 Teb Te6 Teb
1200 60 6.0 5.9 59 5.8 5.7 507 5.6 5.6 5.6 5-6 SI6 507 507 5.8 b.Q 5.9 509 6.°
1440 L9 Gel &e0 3.9 348 3.7 3eb 365 3.5 3e4 3.5 3.5 3.6 3.7 3,8 3,9 3.9 &0 4.0
1640 le9 1.8 le7 leb le6 1e3 le2 160 1.0 9 1.0 1.0 lel 1.3 let 1.5 1e6 1.7 1.7
18,C ~eb -7 “28 =120 =142 =146 ~1eb =163 <109 149 =169 =148 =17 =15 ~=lob =1,2 =1,1 =1,0 -9
20.0 ~3e3 =304 ~-3.6 =39 ~he2 ~4e5 ~6e7 -4 e9 -5.1 =541 =51 ~5e0 4,8 L 7Y ) ~het -4e@ “4eld ~3.9 *3e%
224G ~%e¢9 =-6.0 -te3 -bet -7.2 ~Teb -B.0 -1e3 545 -8e6 -Be5 ~“Be3 ~3e -~79 “7e7 =75 =73 -701 7.1
26eC ~B8e2 =Beh =4l =94 =100 «10e6 =1llel =11e¢% =11e8 =120 ~1109 =11¢7 =1104 ~11e2 ~1leU =10+7 =105 ~10.3 ~10.2
2640 =1Gel =10e3 =1lUed =1145 ~12e3 ~13,0 13,7 =142 =14¢7 «1409 =14e8 «1405 =1402 <1400 =13:8 =1366 =13+43 ~13,1 =13,0
2840 “11e5 =117 =12e¢3 =13¢1 =1440 =14¢8 =15¢5 ~1%¢? =168 -1T7el =16e9 =16s6 ~164¢3 =16esl ~15:.9 ~15:7 =315,4 =15,2 =15,1
30.0 “1263 =1340 =13.6 ~1404 =153 =1£42 =17¢0 =1747 =19,3 «18¢b6 ~1645 =18462 =17¢8 =176 "170“ ’1703 =170 =16.8 -1607
32.0 “1462 =144% =19e9 =157 =1lteb =175 =18¢3 =171 =17¢B =201 =200 =19:6 =1943 =19.0 =18,8 -12,6 =18,4 -18,2 ~18,1
34.0 =18e3 =1 .5 =1645 =1T702 =28¢1 =194J =19:9 =20,7 =21:% =21e7 ~210¢6 =2102 =2348 =20eY% =20e3 =20,] =199 =137 =19.7
36.0 *1T7e3 =17.9 =1840 ~lbe? =19¢b =21005 =2144 =2247 «2%.9 =232 =23sl =22,7 ~2243 =22.0 =21e8 =21.6 =2leé =2142 =212
38.0 “18e8 =1%.0 =19e4 «200l <2160 =2109 =22¢8 =2¢b =2903 ~2447 22606 ~2402 =23¢8B ~23e4 =23¢2 =22:9 =227 =2246 =224%
4C.0 =20e2 =20 04 ~20e® -21e5 ~22a3 =23,2 ~24841 =2549 =2%e7 =766} —2600 2546 =2542 =2408 =24,5 =24¢3 =24¢) =23.9 =23.9
%200 =21eb =21e7 =22e2 =228 =2346 =2445 =255 ~2he3 =P?Tel =27cl =273 =27¢0 =266 =2601 =25¢8 =2506 =2%¢4% =2542 =25¢2
44.0 =229 =23e] =2345 =24c] =2409 ~2548 =20e7 =27eb =28.84 =287 =28.7 =28e3 ~27¢8 =2T ¢4 =27el] =20e8 =266 =265 =265
4640 =28e2 =2403 =2%e7 =253 =264l 2740 =280 ~2749 =29¢%H =300 2909 =29¢6 ~29¢1 =2847 ~68e3 =20s1 «27¢9 =2747 =~27.7
4840 *2509 =256 ~25e0 =26.6 =274 2843 =2%9.2 =20e1 <3049 =31e¢2 =3142 =308 =300é% +2949 =296 =2903 =271 =29,0 =28,9
5090 “2607 =265e8 ~2742 =27:8 =2846 ~29¢5 =3eh =314 ~32e1l =232¢5 =32+4 =321 =3Le6 =2142 =30,8 =30e9 =30e3 =30,2 =3061
§2.0 =279 =2840 =2804 =29¢0 ~29¢8 =3347 =21,6 =3246 «33,3 =33,7 ~33,7 33,3 =32,8 =232.4 =32,0 =31.7 =31e5 =3144% =31,
$54.0 =290l =2Ge3 =296 =3De2 =21¢0 ~3149 =328 =338 =3445 =34¢9 ~3469 =3%446 =34,1 =236 =332 *~32¢9 =3247 =326 =32,6
L.C “30e3 ~30e5 =30e8 =31e4 =32.1 =33:.0 =3440 =35e0 =31%e7 =362 =360l =3%¢8 =3%¢3 ~34¢9 =345 =34,2 =34,0 -33,8 ~33,8
$8eG =3166 =317 =3200 =32.6 =3344 ~34e3 =35,2 =3542 =3740 «3744 =374% =3T7e0 =~3608 =360s1 =35¢7 =354 =35¢2 =35¢1 =35,0
&l.¢C =328 =3249 =33e3 =338 =34¢6 3545 =365 =374 =3842 =385 =386 =383 ~37,8 ~37¢% =37:0 =367 =365 ~36.3 ~36.3
62.C =36.0 34,2 =345 =35.) =35,8 «36.7 =37¢7 =38,7 =39,5 =39,9 =39,9 =39,6 =39,1 =38e¢7 =38e3 =38¢0 =37¢8 =37¢6 =37,6
6446 =3503 =35¢4 =3548 =36¢3 =374l =38+0 =39¢0 =39.9 =84M,7 ~41.2 =41¢2 ~60e9 =4Ca& =90e0 «39,6 =3943 =39,1 =-36,9 =38,9
66.0 *36e6 =3607 =370l =37c6 =38e4% =39¢3 ~4003 =41e3 ~42¢] «42e5 =426 =42¢3 <4108 =4143 =40.9 =406 =40ek ~40e3 =403
684C «~3600 =380]1 =3006 =3640 =397 =40e6 =4led =026 =434 «43,9 =440 =43,7 243,22 =247 =02e¢3 =420 =418 =41,7 =41e7
73.0 =3904 <3945 =398 =40.46 =4lel =420 =93,0 =44,0 =44e9 =05,3 =45,4 =45¢]1 =447 =84e2 =43,0 =435 =43.3 =43,2 -43,1

(=]

.'qEQ

zot



INCIDENCE
ANGLE 17c6

0.0

20

el

te0

840
12.0
12,0
14,0
16,0
18.4%
20.0
2240
24,0
26.0
2640
3C.0
32.0
36,0
3660
36.0
4C.0
42.0
44,0
4640
48.0
50.0
5240
5440
56.0
$8.0
60.0
62.0
64.0
6640
68,0
70.0

C.0

10.9
10.8
1C. 4
97
8.5
Tsb
€l
LT
2o
ol
=22
=4e5
=teb
-8.2
-9¢5
=1Ce7
~1le9
-13.3
«14.9
=lteu
-17.
-19.2
-20.5
=21.8
«23.0
‘2403
~2%e5
=267
«27.9
-29.2
=3Ce4
=3leb
=329
=3442
=35.6
=37.0

10.0

10.9
10.8
16.4
9.7
8o
Teb
6e1
4¢3
2e3
ol
2.3
~4e7
“te?
~Beb
~9.7
=1C.9
=12.1
-13.5
~1%,1
=1¢&,6
=18.0
-1%.3
=20,.,6
-21.9
-23,2
=24,4,4%
=256
=264¢
~28e1
=293
=30.5
=31.7
=33,0
~34,3
~35.7
=37.,1

20.0

1C.9
10.8
10.4
9.7
et
75
Gel
4¢3
2e2
'01
-2t
=Ze0
=72
~Be%
=10e3
=115
127
~14.0
~15.6
«-17.0
-18e4
'19.8
=211
=223
-23e¢&
-24.8
=240
=27.2
=2844
=296
=309
=321
=33.4
=347
«36.0
=374

3040

1069
10.8
10.4
Q67
Be7
7e8
6.0
6.2
2.1
~e3
=249
=54
-7.8
-%e7
-11.1
~12.3
=13.2
-16,8
~16.3
=-17.7
-19.1
-20.%
~2is?
-23.0
2442
=254
=2¢€e6
~27.8
-29.0
-30.2
~31l.4
=32e7
=33.9
-35.2
=36.5
«37.9

4040

1Ue9
10.8
16.3
907
b7
Te5
5.9
bel
1.9
-e5
-3.2
"5.9
~544
=-1Led
-12.0
-13.2
=246
-15%.7
=172
“1€eb
-19.9
=21e2
=22+5
-2348
~2540
~26s2
=274
2P o6
-29.8
-31.0
-32.2
-33.4
=3447
-30.0
=373
~-3847

NRCS TASLE IN DECJIBELS

FRECUENCY » 13,9 GHZ

HORIZONTAL POLARIZATION

FRICTION VELOCITY »

50,0

10.9
10.7
10.3
9.6
8e7
Te4
5.8
4.0
1.8
-7
-3.5
~643
=9.0
-11.2
~12.8
=14,1
=153
~16e6
-18.1
~1%.5
=20.8
~2261
~23.%
=24,7
'25.9
-27.1}
-28e3
~29.5%
~30.7
~31.9
-33.1
=34,.13
=35.,6
«36e49
~38.2
=39+6

60.0

10.9
1047
10.3
9.6
8.6
Teb
5.8
3.9
1.6
-9
~3.7
=0eb
-Feb
-11.8
«13.5
«14.8
=16.l
=175
-19.0
=200
-21.8
=23.1
=2444
-25.6
=-2€eb
-2¢,0
-29.2
-30. 4
=2leb
«32.,8
-34,1
3543
*3646
=37.8
-39.,2
=40,6

30,0 CM/SEC

RELATIVE AZIMUTH ANGLE (DEG)
10040 110.0 120.0 130.0

70.0

10,9
10,7
17.3
Feb
Beb
Te3d
5.7
3.8
1.5
=10
-3.9
°6¢9
=949
=12,3
=14.2
-15.4
=1649
=193
~19,8
«21,.2
=226
=240
~£%5e3
2605
12748
270
-3%,2
-3l
=32+6
-33,8
«3%.0
-3843
«37e5
~39.9
-40Q,2
416

80,0

10,9
10.7
19.3
96
Beb
743
Se?
3.7
1.5
-1e2
~4,1
-7.1
=102
=12,.,8
“14.7
-1h,2
’17.5
13,49
=-2%.5%
=219
~2343
=247
=26.0
-27.2
«29.3
=297
3749
-32.2
=-33,.4%
~3446
-35.8
-37.1
3843
=39,7
=410
=42e%

90.0

10.9
1047
10.3
9.6
846
743
S5¢7
3,7
le4
~1e2
~4el
7.2
-10.3
‘1300
‘1500
=~16.5
‘17.8
=-19.,2
‘2008
-22¢3
-23.7
=25.0
=263
~276
-2Be9
=30,1
~3143
«32.6
=-33,8
=350
3642
=375
-3808
=40.1
=41.5
=4249

1049
10.7
10.3
Qeb
846
7.3
567
3.7
le5
'102
=hel
72
-106e2
=-iZ2e9
wl4,9
=1%.4
=177
=16.1
«20.7
=22.2
=-23,6
-2445
=2¢.3
«27.6
=2848
=30.1
=3143
~32.5
=-33,8
~35,0
=362
=375
38,8
=40e2
=41.5
-43,0

10.9
107
10.3
9.6
8.6
7.3
507
3.8
1.5
=1e1
-6-0
-7.0
-10.0
=126
=l4e¢6
-16.0
=1743
=168,8
~20.3
'21.8
=23.2
2446
=259
272
=28.53
~29.7
=309
~32+2
=33.4
~3447
=359
=372
=385
~39.8
-41.2
“h2e7

10.9
10.7
1043
9.6
Be6
Teh
5.8
3.9
1.6
-9
=3e8
=548
-908
-12.3
14,2
=157
-17.0
-18.4
«19.9
214 4
-22.8
-24el
«2545
-2647
«268.0
-29.2
~3065
-31.7
-32.9
=~34.2
«35,5
«3647
«38.,0
«39.4
«40,.8
=6242

10.9
10.7
10.3
Ge.6
8.7
Teb
5.8
3.9
1.7
-8
=346
=6eb
96
~12.1
-1440
=15.5
«1648
«-38.1
=1946
-2lel
=224
=23.8
=250
=-26.3
=27+6
2848
=300
=31.3
=325
33,7
«35.6
=36,43
=376
=38,9
=40e3
"1.8

7. R

:

nd 400d d

81 J9vd TVNIOI

14000 15040 16040 170.0 180.0

10.9
1G.8
10.3
9?7
8.7
Teb
59
4e0
1.8
X4
=35
- YX)
=9t
=11.%
=-13,9
~15%.3
=16e6
‘17.9
‘1904
~20.8
-22.1
~-23.,5
=2447
=260V
=272
=284
-29.7
=309
=32.1
~33,3
=34.6
=359
«-37.2
=3845
-39.5
~4le4

10.9
10.8
10.4
Se?
867
Te5
640
4.1
240
S
=3.3
=6e2
'9.1
“11.7
-13,7
*1541
=16.%
-1108
~19,2
~2%¢%
=21.9
-23,2
=244¢5
=25.7
=27.0
2302
'29..
=30.6
=31.8
=33.1
-3443
=35.¢
=36.9
-3842
«39.6
-§lel

10,9
10.8
10,4
9e7?
8e7
75
640
4e2
240
-e b
=3,1
=600
-8,9
‘11.5
=134
=14e9
-16s2
~17.5
-19.0
-20e %
=21.7
=23.0
24,3
25,5
=26.8
-28.0
«25¢2
=300 4
=31.06
=32,9
=341
=354 4
-3647
38,0
=36, 4
40,9

109
10.8
10¢4
Ge?
808
Te5
60
he2
2.1
-3
3,0
5.9
=87
=112
-13,2
el4e?
=160
“1T7eb
«18,9
-20e2
=21e6
=229
2442
=25.6
2648
=278
=2%.1
=303
=31.5
=-3207
=34¢0
=353
=36+6
=379
35,3
=406

109
10,8
1044
Ge?
8,8
Teb
6el
42
21
-e3
=3.0
«5.86
=87
“1162
=13.1
1446
*15.9
«17.3
~18,8
«20.2
=215
2248
=24e1
25, %
2640
278
«29.0
*30.2
*«31.5
327
33,9
=35.2
3645
«37:9
«39.3
«40.7

€or



INCIDENCE
ANGLE (DEG)

0.0
2.0
4.0
660
8.0
1G.0
12.0
14.0
16.0
180
20.0
2240
24.0
2640
2640
30.0
32.0
34,0
3¢.0
368.0
€%e0
429
LT P A
6t
&E.C
€03
$2.9
S440
$6.0
5840
60.0
€2.0
[ L T%]
(1134
8.2
70«0

10.¢
10.5
10.1
9.5
8e7
Teb
€42
LY )
27
«?
=le%
-3.~
502
“te?
-Te8
049
=1C.0
=11.3
~lze2
=Lkl
LS TE ]
=17.1
~1€e5
=1%.8
-21.2
=22+3
«23,9
24,7
'25-9
'270‘
-26e3
=296
=3Ge9
-32.2
=3345
~34e9

16.0

106
10.5
10.1
9.5
67
7e5
6.2
%e5
27
«b
Y
=346
Lot
-&e®
-Be0
‘901
=1Ce2
=ile5
~13.4
-ated
=.le%
=173
~ltat
1949
=2ie2
=22e4
=-23.56
=244E
=260
=272
=28e5
'2907
=310
=323
=33.¢
=35.0

2040

10.6
10.5
10.1
9.5
Be4b
Te5
6.1
Qe
246
5
~-1.7
-3e%
=549
-7.¢
-2eb
-907
“1Ce#
-12.1

-2l
~lbet
177
-19.0
=233
=216
=22+3
-34.,0
=252
=26e4
=275
" 4-XX ]
=30.1
=31.3
=-3246
=33.9
=35.3

30.0

10.6
1045
10.1
95
Beb
75
6.1
heb
2+¢4
o3
~2e1
“bek
~ted
~Hel
-9e3
«1Ce5
=11.4
=129
=~1443
=357
=17l
‘l&-‘
-1907
-20.9
~22e2
=23e4
=246
-25.6
-27.0
-2%e2
~29.4
=30.6
-31e9
~33.2
~“3445
=357

4040

10.6
1¢.5
10.1
YeS
Esb
7.4
6.6
4.3
2.3
0
~2e4
649
~7ei
~9.:G
=-1%e3
’1105
-12.%
-1%.6
-Jle2
=itet
“i7e¢9
’19-2
4T} ]
-21.7
-23.,0
=26,2
=254
-2¢L.,6
=277
“2243%
=30.1
=3le4
=32e6
~33e9
=35.2
=366

-9,7
=1ll.1
-12.,3
-13.%
'15'6
-1%.1
~.7.%
~18.8
=20.1
214
=2246
-231,%9
-25.1
~26.3
~Z7e%
-2846
-ZQQG
=31.0
-32.3
-33.5
=3448
=361
=375

KRCS TABLE IN DECIBELS

FREQUENCY o 13,9 GHZ
HORIZONYAL POLARTIZATION
FRICTION VELOCITY »

60,0

1G6.6
1C.5
10.1
95
605
73
5.8
el
240
~oh
«2.9
~L+6
kel
~10.3
-il.9
-13,1
-164,2
=-1%.9%
~l6.9
-1, 4
=1%.7
=211
-22.3
-23,6
=24.8
=2640
-27e2
-84 %
-294 6
=30.8
=32.0
-33.3
=3445
=-32.8
=37.1
=3845

35.0 CM/SEC

RELATIVE AZINUTH ANGLE (DEG)
G90.0 10G.0 110.0 1200 130,0 140,0 150.0 160.0 170.0 180,06

79.0

10,6
10,9%
10.1
Dok
ReS
Te3
5.6
4N
1.9
~e3
=3,1
-%.9Q
-2,6
~-10,9
=1%.%
~13,.R
=38.n
~1643
~17.7
“19.2
-20.6
-21.9
-23.2
~24.%
-2%5.7
«27.9
-29.2
20,4
-3906
=31.9
=33,0
—36.2
~35,5
~36,.8
~38,1
~39.5

80.0

1%.6
10.5%
0.1

e

849

Te3

S8

349

1.8

~eb
=343
~6Hel
-9,9
=112
=130
~16.4
‘1‘-6
=169
~18,4
=179
-?1.3
=226
2440
=752
~2665
=277
«2849
-3%.1
=21.3
=32 4H
*33.8
=35.0
-36,3
«37e6
«39.,9
=504

10.6
105
10,1
Qe
645
7.3
5¢7
3.9
1.8
b
=343
-€.2
=949
=11.5
=13.3
'l“o?
‘15.9
«17.2
-1he7
~2Ce2
~21e6
«23,0
-?‘.3
-2%.6
-2649
=-28e1
=293
~30.5
~31.8
-33,0
-34,42
~3545
’36.8
-36.1
'39.“
-6009

10.6
10.5
10,1
Yok
8,5
7.3
Se8
3.9
1.8
- b
=243
~te2
=€,9
=1le4
«13.c
~l4s0
~«1%5.8
-17,.1
~l2.8
-2Cel
=21.6
-22.9
-24,2
-2%.%
=2608
-20,0
=293
~30e5
-3107
-33,0
-34,2
-35.5
-36.8
=3€,.1
-39.5
=409

10.6
10.5
10.1

Deb

845

Te3

5.8

400

1.9

-5
~342
=620
~8,7
='1l.1
» 29
*ive2
*1%:5
=1l6e8
-18,3
=-13.8
=21.2
-22q6
2349
~25.2
2644
277
2649
302
-3164%
«3246
=33.9
=352
-36,5
=37.8
-39,2
=4Ce6

10.6
10.5
10.1
Qe¢b
8e5
7.3
58
el
20
- b
=340
-5.8
~045
=10eb
=12+6
“13e9
«15.1
=164
“17e9
-19.‘
-20.8
'3201
=234
2407
-2640
-27.2
2845
’2907
-30.9
~32.2
=33.%
3407
‘3600
=37e%
-38.7
~40s2

10.6
10.5
10.1
S5
846
T
59
4ol
2.1
-e3
=249
=56
=B,3
=1Geb
1244
13.7
-14,9
=16.2
=17.6
=19.0
«20.%
-21.8
=23.1
2443
=256
26,48
«28,0
=2943
=30,.,5
=31.7
~33,0
*3443
~35.6
«36.9
=383
39,7

10.6
10.%
10.1
9%
8.6
7.4
6.0
4.2
2.2
~el
27
'5.“
~841
=1Ce 4
-12.2
=13,6
-14.8
=16.0
=1Teb
~108,8
=20.2
-21.5
2207
~24.0
=25.2
-26.5
=277
«2849
=30.1
=31.3
«32.6
~33,9
-35.2
=365
-37.9
=39.3

1066
105
10.1
95
Reb
7o
6.0
“ed
23
-e0
-2+ 6
=53
749
=i0.2
=12.0
=134
=14.6
=1%.8
~17.2
=18466
=199
-21.2
=225
2347
=250
=26e2
=274
=286
-29.,8
=31.1
=32.3
*3346
=34,9
*3642
=376
=39.0

1046
105
10.1
9%
8.6
75
6.1
beb
244
ol
24
=51
=77
=10.0
-11.8
13,2
ela,b
=146
=-17.0
18,6
*19.7
=-21.0
=223
=23,6
2440
26,0
-27.2
=28e%
=29.6
=30.9
=32.1
*33.4%
-34,7
=36.0
=37e%
=38,8

1066.
105
10.1
9,5
8e6
75
6ol
Seb
2e8
o2
243
-He9
“7e5
=98
-11,6
=12.9
=1&,1
-1%. %
=16.80
=18.2
=196
~20.9
2242
=234
2447
=25.9
-27.1
-28,3
«29.9
=307
=-32.0
*3343
=34eb
«35.9
=37.3
=307

10.6
10,5
10.1
9.%
8e6
7%
6ol
Goh
25
*2
=22
ohe®
Tl
=97
=11.5
=12¢8
14,0
"503
=16.8
L2 LY
«19.5
-20.9
-22.1
=23.%
28,46
-15.0
’27-0
2842
-29.5
«2047
=31.9
*3342
3445
«35,9
=372
=38,7



INCIDENCE
ANGLE (DEG)

0.0

2.0
4.0
6.0
8.0
10.0
12.C
14.0
16,0
18,0
26.0
2240
24.C
2648
2te0
30.0
32.0
34.0
36.0
3e.0
404G
4245
44,0
6.0
46,0
5C.0
52.0
S6.0
5¢.0
58,0
60,0
2.0
66,0
[ X8+
(1%

70.C

104
10.3
949
S
Reb
75
Ge3
he?l
3.0
le2
-e
-2¢9
-4,l
=5eb
Lol
=Te%
-Beb
~5eb
“laied
-12.5
-14,0
=154
=1t.7
-184.0
-1962
~20e5
2147
=22e7
=26l
“2%s%
~Zte b
-27.8
-2%9e1
~30e4%
=317
=33,1

10.0

10.4
10,3
9¢9
Fe 0
8e0
Te5
6e2
&e?
3.0
l.1
-oh
=247
“!03
=540
-TY
~Teb
- 1Y ]
-9.8
~llec
~i2.7
-14.1
-15.95
-l6.8
=480l
-i9.4
=-20e¢
-2!.5
-23.1
-2442
=-25.%
~2Ce?
-27.9
-2942
’35.5
=31.8
-33,2

20.0

10.4
10.3
9.9
Qets
8eY
Te%
6e2
4eb
249

-1l

=3.9

-4.7

’501

'702

~8.2

-q-Z
=10.4
=lis8
~13.2
=14.¢0
=-16.0
=173
~18e5
-19.3
=21.0
-22e2
=-23.4
=24.¢
=258
=27.1
-2843
~295
~30.8
=~32e2
=33,%

30.0

10.4
16.3
9.9
33
805
Tt
6.1
%e%
2.7
o7
~let
-3.5
=54
X4
-9.1
=-9.1
=10.1
-11.2
=124%
~1l%s0
-15+3
“lte7
=17.9
-1%e2
=-20.4
=21.6
~-2248
-2440
=252
'25.9
=276
'2&.9
-30.1
=314
=32.7
=34,1

40.0

10.‘
10.3
949
o3
8.9
Tet
te0
bek
2.6
5
-le8
~440
~¢ .0
~Te7
-%e0
-10.0
-11.0
=-12.1
=12e&
~-14,8
-1%.2
=175
~l8,.5
“2%.0
~21.2
-22.‘
~23eb
-24,.8
—2be G
272
-28s4
=2%.5
30
=321
-33,.%

3448

NRCS TAALE IN DECIBELS

FREQUENCY = 13,9 GHZ

HORIZONTAL POLARIZATION

FRICTION VELOCITY e

50.0

10.4
1043
9e9
9.3
BeS
7.3
640
4e3
244
3
=-2+1
~5et
~5e%
-“.4
-38
-10.8
-11.9
=-13.9
~16.3
=127
-17.1
-18e4
~19.7
~20.9
-22.1
-23.3
~24e %
=2%.7
~26e9
-28.1
=293
-30.9%
-31.8
'EZ.C
=344
=3%47

60.0

10.3
9.9
9.3
8.#
T.3
5.9
4e2
2e3

-203

~-4.8

~7.1

-9,0
=1C.4
~11,6
-1246
-13.8
=192
~1leb
-18,0
-19,3
-20e46
=219
-~23.1
-26,3
2545
=2b6e7
-27.9
-2n.h
-2Ce3
-31,.%
~3¢.8
-36.0
=2%.6

=36.7

40,0 CH/SEC

RELATIVE AZIMUTH ANGLE (DEG)
9040 1000 11040 12040 13040 140,00 1500 150,00 17000 180,90

70.0

1.4
10.2
9.9
91
fen
7.3
5.8
402
247
-1
~25
~561
«Te5
-9.%
=11l.1
-17.3
«13.4%
-14.6
=16.0
1744
~-13,.8
-2%e2
2?15
=228
-2440
-2%e?
=2he4
-276
=2848
'31.0
-3.2
=1745
=-23.7
-%%e90
=2544
=377

80,0

10.4
10,3
9.9
9.3
8.4
T2
5.9
4q]
2.1
-2
=247
~5e3
~7.8
-12%.0
‘11.5
-12.9
'1“00
15,42
=1646
~1241
-1945
27,9
2242
=275
26,7
-2h.0
=272
-79,4
2946
-30.8
124N
-33.3
-214.5
“15."
31,7
-3840

1044
10.3
9.9
93
Be4
Te2
548
4ol
?el
~e2
-27
-2.:4
~5e0
~10.2
-11,9
-13,2
=143
-15.6
«17.0
=1845
=19,9
-21e2
=22+6
«23.3
=25,1
-2643
«27.6
~-28e8
=30.0
=32.2
-32.9%
34,7
=1%.0
"!fa.-’
-37.7
-39,.,1

10.4
10.3
9.9
943
8ef
7e2
5.8
hol
2ol
-e2
~2.1
%3
Te9
'1001
-13.7
‘13.1
‘1‘.2
-1545
‘lé.q
-18.%
‘!9.8
-21.2
-22,5
=23,8
=25.1
=-26+3
=275
~2848
«30.0
-31.2
-32.5
=33.7
«3%.0
=303
“’57.’
-39l

1044
103
9.9
9e3
Bet
743
5.8
hel
202
-od
=26
5.2
“Te?
9.8
"ll.%
~12e7
~$3.9
=151
=165
=1840
-1944
~20.8
=22.1
2344
~2he7
-26.0
'27-2
286
=297
=30.9
'32-‘
=34
~3he?
L IXY /]
“37e%
-3k,

1044
1043
99
9.3
Beb
743
5.9
4.2
243
0
-2
-5.0
=Tek
-3e5
-11.2
-12.4
“13,5
-14,7
~16,1
=17.%
=13,0
20,4
~21.7
=23.0
~2442
=29.5
-2b6.7
-28,0
=292
=300%
-31.7
~JJ.0
~Vhed
-35.&
“3/.0
~38,4

1044
1043
9.9
963
Beb
Te3
549
4e3
203
2
=243
~448
=Te2
L Y]
=11.0
~l2.2
1343
=14.5
=15,9
*17.3
=187
=200
=21.3
=226
=2348
=25.1
=263
=275
=287
=300
-31.2
3765
-J1,8
3%}
'3&01
3764

10. %
1043
949
9.3
8e5
Teb
6.0
Gok
26
3
=2.1
-446
«Tel
-9.2
-10.8
“12.1
=13.2
=143
-15,7
-17.1
=184
=19,7
-21.0
~2243
=23,5
“24,7
-25.9
=272
=28:4
~29.6
-30.9
=350 )
13,5
LY
v 4. )
-31.3

10.4%
10.3
969

. 9.3
8e5
Teh
el
bob
245
L]
=240
~&4e5
- T
«9.0
~1Qe7
=11.9
-13,0
“l4ke2
=155
=-16.9
=16e2
=195
=208
=220
233
2445
25,7
=269
=284}
~29+63
-30. 6
=31.0
~313,1
o LYY )
~1%3,R
-37,2

Jo
1301

4 TVNID!

ALFTIVND ¥900d
q1 BV

=10.%
=11.7
-32,8
=14,0
-15,3
=16.7
~18.0
=153
=20e6
=21.8
=23.,1
~24,43
29,5
-2607
279
29,1
~30,%
-31.,6
-3 4%
=3%,3
2% .8
~3/.0

104
1043
99
9.4
8¢5
Te5
6}
4¢3
2.7
)
le?
LI T
~be$
-8e5
=10,2
=11e%
*12¢6
*13.7
=151
1645
17«9
«1942
«20e5
217
2249
~24e1}
«25.%
«26e6
=27.8
=29.9
-30,3
-31.8
“~37:9
=344}
“3%9
“38e9

10.4%
1063
Qe?
Qe
8,5
75
6ol
46
2.7
b
=3e7
4ol
=be b
=B85
'1001
=11.3
=125
=137
=15.0
=16.4
=317.8
=19.1
=20.%
=237
2249
=24.2
2543
=265
=27.7
=2940
-30,2
~33.%
“38.8
=34,}
111
r36.8

Nt



INCIDENCE
ANGLE (DEG)

0.0

240

4e0

6.0

8.0
10,0
12.0
16,0
16.0
18,0
20,0
22.0
24.0
26,0
28.0
30.0
32.0
34,0
36.0
33.¢C
4040
“2.¢
44,0
“6,C
68,0
5C.0
52.0
5¢.G
56.0
5840
62.0
64,0
6640
68,0
70.0

10.0

102
10.1
9.8
9.2
&5
Te5
663
4.9
3.3
1.5
-e2
=ae"
=343
~heh
=5k
-€te3
=Te2
~£e3
-3.7
=llel
=1lZet
=144C
=153
=156
-1T7.¢
«19.1
~2Ce3
=21e%
-2207
=23.9
-25.1
=-26e%
-27.6
~28.9
=30.2
=316

20.0

1042
10.1
9.8
942
8eb
Te4
6'2
48
3.1
le®
~e9
*2.3

308

~5+3

“be0

69

=78

~3a7
«1J.2
=11.7
-13.1
1444
'1507
-1700
-15-2
=1945
=2Ce?
=219
-23.1
'2‘.3
=255
-26e7
=-284,0
=293
=30.6
=32.0

30.0

10.2
10,2
q.a
9.2
8ot
Tt
6.1
4e7
3.0
1.1
-9
=245
=444
'508
“be9
=72
“B847
947
-11.0
=124
-13,8
=-1%.1
=16.4
-17.7
~-18,9
-20.1
=21.3
=225
-23.7
"Z~09
=-26.1
-27.3
=2846
-29.8
-31.1
=-32.5%

40.0

10.2
10e1
9.8
Se2
Bebh
Te3
6ol
4e5
28

‘102
-343
-5l
-Gl
‘7-7
~8e?
=~%sh
=1Ce7
~11le9
=13.3
=140
=-16.0
-17.2
=iB6e¢5
~19.7
a{ X
~22+1
=23e3
=285
=256
=-2be8
=281
-29e3
=306
«3149
=33.3

NRCS TAALE IN DECTBELS

FREQUENCY = 13,9 GHZ
HORIZONTAL POLARIZATION
FRICTION VELOCITY o

50.0 60,0
10,2 10,2
10412 10,1
9.8 9.7
9.2 92
Bal 83
Te3 73
6.0 59
4.4 LY
246 245
.6 .5
~1e% -1.8
=3,7 =4.0
~5¢7 =-6el
=73 <749
-5.5 ’902
=95 -10.3

=10e5 =11le3
~11.5 =1244
-12.5 =-13.6
~1l4e2 =151
=15e5 ~1léot
*16s9 =1748
-1l2,1 -19.1
=194 =2Ge3
'20.6 -2105
=21e8 =-22,8
=23.0 =24.0
=242 ~2501
=254 =2b6e3
=26e5 =27.5
=277 =2847
=290 ~3C.0
=2042 =31,2
=31e5 =32.5
-32.8 -33.8
=34e2 -3502

45,0 CM/SEC

RELATIVE AZIMUTH ANGLE (ODEG)
90.0 100.0 110.0 120.0

70.0

19,2
10,61
9.7
9.1
843
762
59
4.3
244
«3
'200
~4e3
=beb
-R.4
-9.9
-]11.0
*12.9
-13,1
~1%.8
~15.9
-1743
-18.6
-19.9
‘2'.2
=225
-23.7
-2449
-25,1
273
-28,45
29,7
-30,9
=-3%242
~33¢9%
'3‘.5
=362

8%.0

10.2
10,1
9.7
9.‘
843
702
5.8
.2
2.3
2
=21
~4e6
‘b-Q
-3 49
=-1%.4
=116
=1246
=138
-15.1
~10e¢b
-13.0
-1943
=2047
-21.9
=242
2444
=25e¢6H
=268
=2R,1
-29.3
-39 5
-?1o7
=33,0
=34,43
3546
=37.0

10.2
10e1
97
9el
B8e3
7e2
58
4.2
263
o2
-2e2
'“.7
=70
-9.1
-10.7
-11.9
-13.0
1461
=124
=169
’1803
-19.7
-Zl.J
=223
-23e6
~26,9%
'25.0
-27e2
-?8.5
-?9.1
-30.9
~32e2
“3344
~3448
-3661
~37e¢5

10.2
1061
9.7
Gel
843
Te2
5e8
4.2
243
o2
~2e2
LYY
=7¢0
=-9.0
~10.6
=1l.8
~12.8
~14.0
~15%.3
-16.8
=182
=1946
-20.9
=222
~2345
~2448
=260
-27.2
=285
=297
=30.9
=-32.2
-323.5
=348
'3601
=376

10.2
10.1
9.7
Gl
8.3
7.2
59
4.3
2¢9%
.3
=240
~3e&
-6,8
-6e7
-10.2
-11.4
=125
-13.6
-1%.0
~1be3
~17.9
“15.3
=206
‘21.9
=232
-24.5
257
‘Zboq
~28.1
-29e¢4
~3046
=31.9
-33.2
=34,5
~35.8
=3743

10.2
10.1
9.7
102
843
7e3
59
4e3
25
x]
~169
-4,3
’605
~845
'9.9
~11.1
-12.2
=13,3
=14,6
-16.1
~17.5
«1848
=202
‘21.‘
=227
=244,0
-25,2
~2644
-27.7
=208,9
-3C.1
’31.“
=327
«3440
‘35"
-36.8

130.0

10.2
10.1
97
9.2
Bt
T.3
6.0
4¢b
2eb
o5
~1.8
-‘lol
Ld-TX]
‘503
=948
'10.9
'1200
~13.1
-lwel
=154
-17.1
«18e5
-19.8
-21.1
=-2243
=2345
=2448
=2640
-27.2
28,6
-29.7
-31.0
'3202
=3346
'3‘.9
=36.3

140.0

10.2
10.1
3.8
Qe2
Bok
T3
640
4.5
2¢7
]
“lsb
~6e0
6ol
=341
-97
=1J.8
-11.2
=12.5
“léel
=1346
~i6e9
~l8e2
-19.5
-20.8
=220
=23.2
2444
=256
«26.9
=28e1
=-29.3
=30.0
=31.9
=33e2
=34,5
=36.0

156.0

10,2
1C.1
9.8
9.2
8.4
7.4
6e1
4.5
Ce8
o7
=-1,5
-3,8
-£.0
-9,0
-5e5
~10.,7
-1..7
~ilae7
-l«,C
=154
1647
=-18,0
=19.,3
-2¢,5
=21ie7
=2340
2442
“2%e¢%
-260.€
=-27.8
-2G46
=30.3
=31.0
=3249
-3‘.3
35,7

16040 170.0 18040

10,2
i0.1
Ge8
9e2
Bebk
Teb
6ol
4eb
249
9
-1.3
LETY-)
~5e8
=Tel
942
=10 %
“l1le4
-12.5
-i2,8
'1502
=165
-17.8
«19.1
«23.3
-21.5
-22.8
=24.0
«2542
~200%
~27+6
~28.,8
=30e1
-3l.4
=-32.7
=34,1
=355

102
10.1
Q68
Fe2
Bek
Tet
62
4e?
29
9
1,2
=344
-506
-705
-9.0
‘ICoz
=112
=12.3
~13e5%
“12.0
=163
=177
=12.9
-2C.2
214
=226
=23,86
=250
’2613
=275
=287
=3040
-21.3
=326
-33.9
=354

1062
10.1
9ed
9e2
Bedh
Teb
6e2
4e?
269
1.0
=1e2
=3¢
=5¢5
*Teh
-8.9
=10.1
-11.1}
-12.2
~13.,5
=14e%
-16,43
=17.6
=18,9
=20.1
«21e%
=2246
*2348
=2540
-2602
=274
28,7
=299
=31.2
=32+5
=339
=3%.3

901



NRCS TABLE IN DECIBELS

4004 J0
TVNIOIHO0

o
| =
FREQUEMIY o 1349 GH2 oy
HORIZONTAL POLARIZATION =
FRICTION VELNCITY e 50,0 CM/SEC a
INCIDENCE RELATIVE AZIMUTH ANGLE (DEG)

ANGLE (DEG) Ged 1C-0 2040 3040 40.0 50.0 60.0 70.0 80.0 90,0 1000 210.0.120¢0 13040 14060 1500 160.0 1700 1800
0.0 10,0 10.0 1040 120.0 10.0 10.0 120.0 19,0 10.0 10.0 10.0 10.0 100 10«0 10,0 1060 10.0 10.0 10.0
240 949 FeS Fe9 9.9 Fe9 9.9 9.9 Q.9 9.9 9.9 9.9 9.9 Fe9 9.9 99 99 99 9e9 99
4.0 Seb 9.6 9.6 Ger. 9.6 9.6 S8 9.6 %5 9.6 9.6 Geb Seb Peb 96 9.6 9eb Qb 9eb
&eC 9.1 9.1 9.1 9.1 Yol 9.1 9.0 9.0 9.0 940 G0 940 90 940 9el 9el el 9.1 9.1
8e0 Beb deb Beb 843 A.3 B8e3 8.2 Be2 9.2 8a.2 Bae2 8.2 Be2 8e3 8.3 843 8.3 8e3 Bed
1C.0 75 7e5 7ot Te6 7.3 7.3 Te2 7.2 7.2 7.2 7.2 T.2 Te2 Te2 7.3 73 Tt T4 Teb

lz.c 6'3 603 6.3 6.2 b-l 6.0 6.0 5¢° 5-9 5.9 5'9 509 509 600 600 b.l bol 602 602
14,0 5.0 5.0 4e9 4.8 47 &4e5 45 LYY b3 443 4¢3 hel he b 4¢5 bob Gob 4.7 Ge? LYY:)
16.0 kY - 3.5 EXYL) 302 3'0 2.9 207 2.6 205 2'5 205 206 2.7 208 Zo9 209 3.0 3.1 3.‘
18.0 29 1.9 1.7 let 1.2 1.0 o8 b 9 5 o5 -] o7 8 9 1.0 1.1 1.2 le3
20.0 o 3 «0 ~eh ~e? =1.0 =le3 *1e5 -le7 =1.8 =1le7 *1.6 *leé =1le3 ~1.2 -1.0 e 9 =e8 -e?
220 =10 -1.2 -1.6 -2e.1 -2+0 -3,0 =344 -31.7 -4.,0 =-4,1 -4,0 =38 3.7 =3e5 304 3,2 -3.0 =29 =2.8
2440 =202 =2e% =209 =3¢b =643 =949 =543 =548 =hHel =603 =642 “0e0 =5.T7 =506 *5¢4 =543 «5,0 <~4e8 =4,.8
2640 -3.2 *3e% ~4.0 4.8 =-5.6 =603 =649 ~7¢% 7.9 -8el -840 -7.8 7«5 '703 =7e2 =7.0 =08 *beb *6e5
28,0 ~463 -dqe3 -449 ~5.8 -6s 7 -7e¢5 -Bs2 ~Rq B -9e3 *Qe¢bd =945 -Ge2 =8.9 -8e7 «846 ~8eb =842 -Te9 768
3Ge«0 -4e9 -5.1 =57 ~6eb '706 -Beb -Gel 9.8 «10e& =104,7 =10.6 «}0.3 '1000 9,8 ‘9.7 °905 .903 =9.,0 -809
3240 =le¥ =600 =beb =745 =8Bas4 <=9¢3 =109.1 =178 =11le% =1147 =J1e6 =113 =1049 =10e8 «10.6 =17¢5 =10s2 =100 =99
34.0 =58 =74l =T7eb6 =9.5 =944 =10e3 =11cl =11eA =1245 =128 =1ie7 =1243 =12,0 =118 =1147 =11¢5 =113 =11.0 =10.9
3640 “€el -€e3 =848 =946 ~lCeD =1144 =123 =13.1 =31347 =1440 =14e0 =1346 =1342 =13¢0 =12¢8 =12e6 ~1244 =122 ~1261
30 =56 ~9:7 =1Ce3 =11e0 =11e9 =12¢8 =127 =14¢% ~1%22 =1545 =l%e% =154l =14%e7 *lbed =14¢2 =14+0 =13,8 «13,6 «13.5
€0.0 =11ed =112 =117 =12¢4 =13.3 =1442 =15¢1 =159 =166 =1649 =1649 =1645 =161 =158 =1545 =153 =151 ~15.,0 =14.9
42.0 =124 =126 =13e0 =1347 =14e6 =15e5 =16e4 =172 =1T7¢9 ~1843 =18e2 =1Te9 ~17.5 =170) =16:9 =26,6 =16,4% =10,3 -36,2
44,0 =13.7 =13,9 =14¢3 =15.0 =15.8 =1h:¢8 =177 =10e6 ~1903 =19¢6 1946 =19¢2 16808 =1Bes4 =18o1 «17¢9 =17.7 =17e6 “17.5
4640 =150 1542 =156 =1€e3 =174l =1840 ~16e9 ~19e8 ~2Me6 =20¢9 =2029 =20e5 =200l =197 =19e4 =192 ~19,0 ~18,9 «18,8
48,0 =1€e3d =l€eb =10Ls9 =-17.5 -18,.3 =192 =2Ce2 =211 =218 =22,2 =22.1 “21e8 =2143 =20.9 =208 '20.4 -20.2 -ZO.I ‘20.0
50.0 =17e¢5 =177 =136l =1847 -1G45 =20,4 =21leh =22e3 ~?3eN =23,4 =23.4 -23.0 =22.6 =2%¢2 =21e8 =21,6 =21e% -21.3 -21.2
5240 =1848 <1849 =1943 =195 =20,7 =2leu =2246 =235 =243 =2447 =2446 26403 =2348 «2344 =234) =2249 =226 =22¢5 «22e4
4.0 “2003 =200l =20e5 =220l =210e9 =228 =2308 =24,7 =2%545% =25.9 =27e8 =25e5 ~25¢]1 =26e¢b 2443 =26e0 =238 =23,7 ~23,6
$6.0 “21e2 =2163 =21le7 =223 22341 =24e0 «2540 =25¢9 =26¢7 =274l ~27¢l =26¢7 =2603 =258 =255 =2542 =250 ~24e9 =24,9
£8.C =220 =22e¢5 ~22e9 =23e5 -2443 =25¢2 ~2064l =276l =779 =2843 ~2086e3 =2840 =27e¢5 276l =2607 =2644 =262 =26e1 =264}
¢0.C 2346 <2348 —2he) ~2447 2545 <264 =273 =2R¢3 =204]1 =265 =2345 2942 =2848 «2Be3 *2749 =27¢7 =27e5 =27e& =273
6240 “2449 =2%00 =2503 =75,9 =287 =27e6 =2646 =294% =3%¢3 =30.8 =30e8 =305 =330 =296 =29e2 =28e9 =28,7 =284t =284b
6440 =2tel =206e2 ~20eb6 = 7e2 =275 =28.8 ~2948 «30.8 =-31,6 =32,1 =32.1 =31.8 =31,2 «30e9 =30,5 =30e2 =30,0 =29,9 -29eE
66e¢ ~27ef =27e% =27¢% =2346 =2942 =3061 =314l =3241 =329 =33¢4 =23e% =33¢1 =32¢6 =32¢2 =3108 =31e5 =31e3 =31,2 ~31.2
$9.0 =28e7 =2848 =25e2 =2947 =3Cel =3lef =3204 =334 =3442 =34e7 ~34e7 =3444 =34,0 =33,5 =33e]1 =32¢9 =327 =32.6 =32,5

70.0 =300l =30eZ =30e6 =31s1 =231:s8 =3247 ~3348 =348 ~35.6 =366l =3661 =3549 «35¢4 =3449 =34¢5 *34o3 =341 ~34,0 =33.9

L017



NRCS TABLE IN DECIBELS

FREQUENCY o 13,9 GHZ
VERTJICAL POLARIZATION
FRICTION VELOCITY e 5S¢0 CM/SEC

INCIDENCE RELATIVE AZIMUTH ANGLE (DEG)

ANGLE (DEG) 0e0 1040 2060 30.C 40,0 S0,0 60,0 700 B80e0 90+ 1000 11040 12000 13060 14040 15060 16000 170.0 180.,0
0.0 14086 1406 14eb 18,8 18,6 14,6 14,6 196 18.6 14:6 18.86 14¢6 1406 146 1406 1446 14¢6 1646 1446
2.0 1643 14,3 1463 1443 143 143 14e3 14:3 1403 16403 1443 1403 1463 1663 1403 14e3 1463 14,3 14,3
4.0 1342 1342 1342 1342 13e2 132 1361 13¢1 136! 13e1l 13e¢1 13¢1 13e¢1 132 13¢2 1362 13.2 1362 13,2
6.0 11e4 1le6 1le% 11e% 1143 1143 1163 1162 1162 11e2 11e2 1162 11¢3 1163 1163 1le& 1leb 116 1146
8.0 8¢9 809 8.9 8.8 8.7 8.7 8.6 8.6 8.5 8.5 845 8486 8eb 8.7 8e7 8,8 849 849 8.9

10.0 Ze¢b feb 5e% 55 54 53 52 Sel 5.0 S50 5.0 51 5.2 $5e3 Se 5¢5 59 Seb 5.6
12.0 1.5 1.5 1.4 1.3 1.2 1.0 9 -8 o7 o7 7 .8 9 1.0 le2 1e3 l.4 1.5 1.5
14.0 =344 34t =365 -3,7 -3,9 ~4e1 4¢3 ~he b =406 ~heb 4.6 =4%e 4 -4e3 =41 ~3e9 3,7 =3,6 =344 =3e4
16.0 =92 =942 ‘Fed =98 =9.8 ~-10,1 164 ~1066 =104 ~20.8 =107 =106 =104 =104 “%e9 =946 94 =943 92
1.0 =137 =157 =159 =16e3 =164€ =170 =1703 =2706 =17,F -17e9 ~17c8 ~17¢6 =17e4 =17,0 =167 =16e3 =16s1 =15:9 =15,8
20.0 =2242 <2203 =227 =2342 =2347 =2403 =24e0 =2%03 =294k =25.7 =25¢6 =25e3 =24e8 ~260% =23,9 =23,5 =23.1 =22.8 ~22.7
22.C =2Te2 =2743 =278 =28,¢ ~29+% =33,2 =31.0 ~31e8 =32.35 =3248 =32.5 =~31+9 =31e2 =3045 -3000 =~29e4% =28,9 =28,5 =28,4%
24,0 =30el =30e3 =30e8 <3146 =32,5 =33,5 =3 5 «35.6 =36,5 =30609 =36e5 =35:6 36407 =346 =333 =367 =32e2 =31.8 =31,7
“~,0 3202 =32:4 =3249 =3346 =345 =3)5.6 =31,07 3748 =38,8 =39.2 ~38e8 =379 =36¢9 =36s) =35,4 34,8 =34¢3 «33,9 =33,8
¢..0 =36e0 =344l =34.6 =35¢3 =3642 =3Te2 = 0% =396 <4068 =41,0 ~40e5 3946 =3845 =377 =370 =36e% =35,9 =35.,86 =35,5
300 =355 =35.7 =36e1 =26.8 =37.7 ~3B47 =39,9 =81e) 02,1 =425 =62e1 ~41lel =400e] =39¢2 =38¢4 *37e¢8 =37¢3 =37,0 =369
320 =36e9 =37el =37e5 =3842 39,0 ~40,1 =91,2 -42.% =43,.5% =43¢ =4344 =4245 =41ls% ~40e5 +39,7 =39¢1 =38,6 =38,3 3862
34.0 =3842 3843 =39.7 -3944 =40e2 ~41le3 =425 =4Ve? ~G4e7 =4541 ~44e7 =43e7 =4247 =4) o7 =40e9 ~40e3 =39,8 =39,5 =36,4
36.0 *390% =3965 =3949 =90e5 =61e3 =42.% =43, r0’ ol 245,9 28663 ~4548 =448 =438 =42.8 =42.0 =413 «40.8 =40.6 =40.5
38.,0 “40eb ~40:5 =6049 =815 =42e% ~430% =648:0 =453.7 24609 =476 =406e8 =6509 =448 =438 4209 =42¢3 =61,8 =41,5 =41,4
40.0 “8)le% =81e5 =41a9 =82e5 =633 <44,3 =65,5 4648 =478 =482 ~4T7.8 ~46,8 45,7 4607 =4348 =43,2 24267 =42:44 =42.)
42.0 =4203 ~42esb =42:7 =4343 =h4e2 “45,2 =460% =477 =48,7 =490l =4B8Be7 ~2T7e7 ~46e6 =4545 ~44,7 ~44,0 =43,5 ~43,3 -4342
Lqay =43l 93l =G24 =G4 ,7 =L ) -85, =4T,2 =69,5 -60,5 4G 69 ~4GeH =GHY =47.4 kb e3 =45¢5H =448 =443 =04&,D ~43.9
L3 m43ed =040 =94e3 =A% eT —1lel —4K T —4ral =67.2 =52,3 2507 o7 =Lvel =69.2 ~68,s) =47,] =08,2 *65¢5 =85.0 =44,7 44,7
LERY =hb a0 =3447 =4Le. =alel. mMCes =240 =447 =49e7 =514 =iled =509 =49.9 =4ous> ~4T7e7 =66e9 ~4642 =457 ~45.4 0‘503
Ilel mhle2 =hleh =hL .0 =AL.3 eaT0l =l 0l =4S .. =95 =97 46 =5ral ~E.ien =50e0 ~4965 ~4bab =67,5 ~66.8 =48,& =4b,]1 ~hboy
t2e4 =hZed metel =ubed =805 =0leT =4a,T -4G,9 =51e? =82,3 =52,7 ~52e2 =50e?2 =501 =4940 =48,1 =47¢4 =4T7e0 ~4Ce? ~bbeb
£4e3 TR0 THt L =0beY =hTel =HP 42 =472 01 5 =01,8 =5D,9 =F3,3 «572,9 ~5148 =50,7 65486 =4B8e7 ~48,0 =47.5 =473 -4762
LAV =elel =972 =674L =4nel =409 43,9 L1l =5248 =545 =5347 =53084 =52.% =51e3 =LCe2 ~4%¢. =4840 =45s1 =47.8 47,7
St el Sv70n = Tem =93l =45 0T =460 =L 0l =8 1eT ~5249 =540 —S5444 54,0 =53,0 =51,8 =50e7 =69, “49.2 =63,7 ~4B, <-48,3
€lel Setel =mRfes =huen m9042 =00e =01ed SLla2 =L2e5 =544 =54 =Fhe6 =536 =52:h =53 =50e4 ~65sT7 =47.2 =~484¢ <4B8,8
[ -S4 "8l Tazer =T el =uva? =ulez 2914 52406 =54¢7 =554l =554 =H%.1 =444dl =524 =£1e6 ~5049 =503 =45,8 ~49.5 =4G.4
[-L T3 “b342 =37,.4 =wseT =50,3 *Lilel =524l =53¢3 =546 =5547 =566l “59e7 =247 =5345 =5244% =51e5 =LCe8 =5Je3 =5Ce0 ~49,9
66.0 =89¢2 =506¢0 =503 =5068 =51406 =52.7 =53.9 =2%.1 =55,2 ~5647 =56e3 =5%¢3 =544l =530 =52.% «5le¢& ~50e9 =50.6 =505
69.0 =5Ce9 =509 =5Ce9 =51leé =52¢2 =953¢2 =545 =53¢7 =56e8B <5743 =5649 =55.9 =5447 =53.6 ~52.7 ~5240 =5105 =512 =51,1
0.0 =53¢0 =51-1 =51e5 =5200 ~52e8 =5348 =55¢1 ~5602 ~3Teh =57¢9 =575 =5645 =5503 =54¢3 =53o4 =52,7 =52,2 ~51.9 =510

O D

=2

S5

=8

3

2

" g0t



IMCIDENCE
\NGLE (DEG)

0.0

2¢0

40

6.0

.0
10.0
12e0
160
1¢.0
1942
ével
229
2hev
tte0
Ife.0
3uel
32.¢
34ev

Lew

3.3
LI
“202
X XY
LX)
«8%,0
5040
52.0
5‘.0
6.0
$B.0
toed
¢2.0
6440
6640
66.0
70.0

0.0

12.8
1266
129
10.7
%1
7.0
413
led
-l
-7,
“1l4%
'IEIJ
-1 %e%
“2le7
2:sl
2%
-2¢e
=232
=303
=344
-3243%
.32,
34,7
*35%¢%
«36.0
-3606
3742
=2/ed
'35.s
'33.9
=354¢95
-4C,l
«40e%
-41.2

10.0

1248
1246
119
107
9.1
7.0
“e3
1ol
~dat
“te
“1lel
=il
Tate”
.22,
-23,7
“¢2e3
~li.k
2742
*=21%en
-31¢.8
=3.e"
=lceh
~l:e:
~36,1l
=36,8
“35%5.5%
=36.1
-38.8
=374
«3749
335
-35,1
=394
-‘0-2
=4Cae?
-hle3

70.0

12.8
12+0
119
107
91
69
L
1.1
2.7
“Toe
=11e¢?
-16.%
=ile.
“iceh
“luel
2%
2762
=2z4¢
270"
“304"%
'3&-9
-3cec
=32.s8
34,4
-3%.2
=35.8
“3545
-37.1
=37.7
=39%,3
=3hed
-394
=399
=409
=43el
‘5107

3%.0

12,90
1246
11.9
10.7
9.0
6.9
442
leC
“2.8
-7.2
L Y’
=t 9
-ZL.C
’2!1"
=i%41d
-lnel
2.1
“2742

. [ 4
=vel

“31e"
-32,:
<334
“ih43
=3%,0
'35.E
“36¢k
=37.1
~3/7
=333
“3:,.9
-33 ' b
-40.0
=405
~431,1
-hle?
-62.3

40.0

12.8
1246
11.9
1047
9.0
6,0
44l
ot
2.0
-7.4
“l7e%
=iTe4
'?ln?
2G4
2440
“274t
~25,0C
=22
LE PR
=32eh
«33.4
=3iel
LELERY
=309
=164
.3703
=379
~38,%
=39,1
-15,7
*3,42
“4Q,8
‘5233
“81,%
-42e%
’53.1

50.0

12.9
124¢
11,9
1047
9.0
6.7
LYY’
o7
“3e2
=77
~124¢
=17.%
~224¢%
“25¢1
27.¢
‘Zfob
=3C.0
=31.2
*37:4
=334
=24, 4%
=353
“36el
1t,49
=374
-38,3
=-38,9
-39,8%
-4C,1
“307
=hle3
=h1.8
=42,4
82,9
43,9
=bhb,]

NRCS TABLE IN DECIBELS

FREQUENCY » 13,9 GHZ
VERTICAL POLARIZATION
FRICIION Vi .OCITY o

60,0

12.8
1246
1.8
1046
8.9
67
3.9
b
~%ele
“Te?
=22.,¢
“lteb
=23.1
=20L42
“2¢43
-G 17
~21l.1
224
'3306
3446
=32¢86
-}A.,
~17¢3
=:Fe)
-3 .8
-39,8
40,1
~40,.,9
=41,
~4l.6
“h2.%
“43.,0
=430
-64,1]
'~§.7
=69,3

10.0 CH/SEC

RELATIVE A2TMUTH ANGLE (DEG)
90,0 300,0 110,0

70.0

12,9
12,6
11,8
10.6
8,9
6.6
3.9
7
-1,
-ﬂ.l
“17%.13
=17,1
«2,R
271
271
=3C R
'3!.1
=33,6
=36,1
*354%
=34 ,4
«27.7
“35,6
=33,
~4N,1]
-40,.8
"“‘
62,0
4246
-41,?
42,7
-hty
-bh,9
49,4
=~46,0
=4bed

80,0

12,8
1246
11.8
10.6
Re9
6.6
3.8
'L

LA NY
=A,2
~13.5
-12,1
2404
-’ﬂ.’
.?ﬂ.‘
-31.'
33,3
'3‘.6
=35,8
38,9
=17,9
-38,0
=37,%
-4t 4
=41,.1
-8 o8
-‘2.’
=63,1
=43,7
ELE % |
k4,9
45,4
-4%,7
-45,9
-‘7.‘
-~7.7

12,0
12.%
2108
1060
8,9
640
3,0
ol
~le0
-lisd
1349
19,2
'?‘.6
2143
«? }e%
=3242
-1‘.’
=35.9
3542
«37.3
«38,3
«39,2
4049
40,3
“h1e8
-h2,2
LLY X
“b3,9
44,1
abb,?
=4%,2
-*5.5
~4beh
~47.0
“4740
w4842

12,0
1246
13.8
10.6
8,9
6.6
2.8
o
=30
“0o2
=13,Y%
=19,14
=244
-28,0
-ZL.l
=3],8
=342
=34,b
=3%,7
~36,59
=378
~30,7
»39,8
=4Co4
=hlel
-h),8
~h2. b
=43,.1
=43,7
“6h,2
-h&.4
“'Jo“
41,0
46,9
-47.2
47,8

1240
12+0
11.8
10.0
8,9
beb
3,9
5
3.5
*Hel
-".‘
23,8
272
«2%¢2
30,8
=3243
=336
=3h,8
=359
~3649
37,8
=3040
394
*40.1
40,8
wbleb
LLY X!
4207
of 142
=hLe0
ch b4
-4%.0
4549
—4be2
“4b,8

12000 12000 140,00 15040 160.0 170.0 1080.0

1208
1248
11.8
10.6
8,9
6.7
2.9
)
=304
“2e9
~13.C
-198,%
=23,1
*25¢n
=273
=244%
“3le3
=32e0
=33.b
4.8
=35.8
=36.7
=37¢%
=30,3
=3949
*3%:7
=40.3
«40.9
4145
=474
LY XX
-h3.2
=43,8
“hbhod
=4%,0
45,7

12.8
1246
11,9
10.7
90
Ge?
60
7
*3¢2
7l

12,0
1206
119
10.7
9.0
6.8
4ol
o8
=30
®7e¢5

=12:8 =}2.%
1301 ~17.7
®2247 =202
=ihel =254}
=278 «2649
2601 =28,44
*3Ce5 =29,8
*31e7 =31,0
=228 =32,.1
=339 =33,}
=3448 =34,0
=357 =3449
=36e5 =235.7
=37.3 3604
38,0 =37,12
=3R,06 =37,8
=39+3 =30,4
=3949 =39,0
*40s5 *3%.¢0
oh]1.0 =6n,?
&) sl =4p,7
“42.2 =41,°
=4qle? =)o
*43s3 ~42,4
“43:9 =43,1
chaod =4)3,7

2.8

12,6

119

10.7

9.0

8.9

.2

1.6

=249

=12
-12.2
'1703
’:1.7
2400
26,3
«27.8
*2%.!
=300
'31-’
=32.%
=334
*34e2
=350
-3%,0
“36¢9%
=371
377
-30,.3
30,9
“3¥.%
«~40.0
*4Q,46
L Yy
417
42,6
43,0

12.0
1246
13,9
10.7
9.l
69
o)
1.1
*2s?
=7l
=11,6
=169
=21,3
26,9
’22.7
=27.,3
2846
=29.9
=31.0
=32.0
*32¢9
-33,9
3440
32,3
*364.0
=360
=373
'370°
L3 LY
.'910
-V, %
40, )
-4Us!
83,
41,9
=440

12,8
128
11.9
10.7
9.1
7.0
4,9
1.2
'2.°
=be9
“11.7
1)
=20.8
*23.%
-25.2
-24,8
20,2
=294
=306
'3106
=325
334
=34,2
=34,9
«3%,6
~36,3
«36.9
~37.9
=30,0
s30.4
"...‘
*89,7?
-40.9%
'.o.'
-4).9
02,2



INCIGENCE
NGLE (DEG)

0.0
2.0
4o
t.C
8.0
10.0
1240
16,0
16.0
16.0
20.0
22.0
24,0
26,0
28,0
3040
32.0
34.0
36,0
38.,0
4349
42.0
L X PR +)
‘e’.o
L1-¥949
£G.0
t240
Se,0
26.C
22.C
€Q..
E2ev
¢4, 0
(Y- T3
ea.o
70.0

0.0

119
11.7
13,2
10,2
8.9
7.2
Sel
246
-ele
=33
“Tet
=1led
=14.3
-1ée5
«17.9
=192
=20.6
-22.0
-23.3
2444
=2%44
~2€.4
-27.3
~2bel
-Zte9
=296
-30,.2
=306
=33
-4
=3ieb
=33,2
-33.6
=34.3
*3449
=355

10.0

1169
11.7
11,2
10.2
Be9
T2
Sel
2e%
b
=38
~7e%
=113
eléeh
=1¢e7
-184¢
=198
«20.8
-2242
=234%
24,48
=¢Yeb
«204¢5
274
282
~2Gel
-2%¢7
=308
«31.¢
'3;06
=324l
=32e8
-2203
-33,9
3444
=35.0
«3546

2040

119
1147
11.1
10.2
849
Te2
5.1
245
-5
~3,.,9
-Te7
“11.6
“14.9
“17.3
-16.8
=20.0
=2le13
-22.7
=239
=290
=-2Llel
“27.0
-27.8
=286
294
=30.1
-30.7
=3le4
-32.0
“32e9
-33,1
=33,7
=34.2
=~34,8
=3544
-36.0

30.0

11.9
11,7
1l.1
1042
8,9
Te1
5.6
244
-eb
by}
=3,0
~12.0
-15.5
'1!00
~19¢6
=20.86
=2241
=23¢4
~2446
297
=247
=27+¢
-29.%
-2903
'33.0
=3Le7
-31.3
‘32.0
‘32-¢
=33.1
=313,7
=34,2
=34,¢
-3%.4
“3566
=364

%060

1149
1.7
11.1
1042
8.8
7.1
@e%
243
=s8
4¢3
“8e2
=12.4%
=162
-16.9
=20¢5
=218
=231
-Zﬁ.3
2545
=2Le¢
“27eb
-2k
'2903
=il.1
=30.b
=315
=32.2
=32e8
=33,64
=33.93
~3445
=3%.1
=35.8
“-3t.2
-3¢.8
3766

5040

119
11.7
1l.1
10.2
8.8
7.0
4.8
2¢2
-o'
-‘.5
~B8e5
=-12,8
=16e8
~19,7
=21e5
~22.9
=244}
«2%5.4
-2b645
"?"ob
L A
-2%,Y%
-3G0.4
=-31,1
-31.9
=32,6
-33,2
=33,¢
-34,6
'35.0
-3545
=36.i
=368
«37.2
«37.8
~30.4%

NRCS TAALE IN DECIBELS

FREOUENCY o 13,9 GM2
VERTICAL POLARIZATION
FRICTION VELOCITY e

6040

119
117
11.1
10.1
8.8
7.0
4o
201
=lel
“4e7
~5e8
*13e2
1704
“2Je5
2244
-23,8
=251
-26¢5
~27.7
-24,8
=298
=30,7
'31.5
-32.3
= 33,1
=33,8
’3‘."
=35.0C
=3%eb
-32be2
«-36,.8
~3743
«37.9
=38.6
=39.0
=39.,6

150 CM/SEC

RELATIVE AZIMUTH ANGLE (DEG)
9040 100.0 110.0 120.0

70.0

1149
11.7
1tl.1
10.1
8,7
649
‘.?
2.0
“te2
-6.9
-0
-13,9
=1749
-21.3
=234 %
-24,8
26,2
=276
28,9
-3%,9
~31e0
~31,9
':?.8
~33.6
=34,1
=3%7
35,7
34,3
"35.“
~37,5
-3, .o
=39,6
=37,2
-39,7
~4%3
=450.9

80.0

1149
117
11.1
10.1
8,7
6.9
4,7
1.9
=1e¢3
«%.0
9,2
=3i3.8
=18,3
’2200
24,3
=25,8
272
2846
2769
-31.9
=31%7,0
-372,49
'31'9
34,6
=354
=361
'3507
=27 .4
-32,9
-29,5
~-39.1
-3907
=46042
“QOQQ»
4514
4240

t1.9
11.7
11.1
10,1
8,7
6e9
beb
1.9
*le3
«5.,0
=92
=13,9
18,45
22,3
26,7
=262
*27e6
=29.0
=3063
'310§
31244
-33,.3
34,2
=150
=15,8
«36e9%
-37.1
‘37.8
=38,4
=3940
=39.5
=40.1
«4067
“41ls3
=41.9
=429

119
117
11.1
10.2
847
6e9
4,7
1.9
=1e3
=50
9¢2
«}3,8
1643
«2240
2403
-25,8
272
2846
-29,8
=3G.9
=32.0
=329
-33,8
=340
«35.3
«36.0
=3¢ 7
-31.3
“27e9
369
=39,.1
~39,7
“40e¢3
=45049
=41.5
42,1

1149
11.7
11.1
10.1
8.7
be9
4e7
2.0
“}e2
=49
*5.0
~13,.5%
*17.9
=213
=23.5
«24,9
=263
=276
=28.9
«3G.0
~31,0
=31.9
'32.3
’33.6
=343
=35,.0
“35.7
=363
~36.9
=375
~3841
-38,7
*39,3
«39,9
~40¢5
=61e2

11,9
1.7
1l.1
10.1
8,0
740
40
2.1
-1.1
—he?
8,0
13,2
179
'2001
2246
«24,0
-ZS.S
=2be7
-2709
=-29,0
-1000
=309
-3107
~3245
=33.2
-33,9
3406
-35%.2
~3%.8
~3bete
=37.0
-37.5
-38,1
-3897
-39.,3
=40.0

130.0

1319
1347
11.1
10,2
8,8
740
4ol
202
-~e®
he5
=Beb
1249
=170
=20.}
=220
2343
~24 46
=258
'27.0
=284}
-2900
=299
=30.7
-31.5
=322
*3249
*3leb
~36,42
=36.8
=35,3
=359
=36,5
-37.1
377
~38.3
=39.0

140.0

11,9
11.7
11.1
10.2
8.0
Ted
49
2.3
-.e
-he3
8.3
1266
=160
19,6
*21e4
=226
23,9
25,1
=26e3
wZTed
-28,3
*z%.1
=29.9
«30.7
3144
=32,1
~32,7
-33,3
=33,9
36,5
=35:0
-3%9,06
«36.2
=36.C
«37e4
«30.3

1%0,0

11.9
11.7
11.1
10.2
8e9®
Ted
50
24
“eb
LTS
Ll I3
=12.3
=1642
*1G.1
«20,8
w220
=233
e264e5
=257
2647
'27-°
- 3%
2943
=30.1
=30,8
=31.4
=32.0
«32.7
«33.2
«33.8
“34eb
-34.9
*35%.5
=361
36,7
374

360.0

119
11.7
11l.1
10.2
849
7.2
51
249
g
=4¢0
=7¢9
=42+0
-15.8
-18,%
=202
=215
=22.8
=24,0
=25e2
e2bq42
*272
28,0
-28,8
=29.6
=30.3
*32.,9
«31.6
*32.2
=328
33,3
33,9
34,5
=-35.0
=23%.6
3663
3649

1700

119
311.7
11.2
10.2
049
Te2
Sel
2.9
=oh
*3.9
*Te?
=11.0
=354
=38ed
*}19.8
211
224
23,7
«2448
=2%9
26,9
277
~20,5
-26,.3
«30,0
-30.7
=313
=31.9
=329
=33.0
=33.6
34,2
3467
35,3
=36.0
3607

100.0

11.9
11.7
112
10.2
0e9
Te2
Sel
246
LI
39
oTe?
117
=19.3
*18,0
197
~20e9
-22,2
=2%.6
-24e?
=25.8
26,7
=276
20,4
=29.2
2969
=36.6
=31.2
=31.8
=326
«32.9
«33,5
=344
36,7
=353
«35,9
o36e6

(114



NRCS TASLE TN DECIBELS
=
g

FREQUENCY » 13,9 GH2
VERTICAL POLARIZATION
FRICTION VELOCITY « 20,0 CM/SEC

INCIOENCE RELATIVE AZTMUTH ANGLE (DEG)

ANGLE (DEG) 0.0 1C+.0 20.0 30.0 40.0 50.0 600 70,0 80,0 90,0 1000 210.,0 220.0 130,0 140,00 150.0 160.,0 170.0 160.0
0.0 1143 113 113 113 11e3 1163 1103 11.3 11¢3 1143 1163 11¢3 11e3 1163 11¢3 11.3 $1.3 11.3 311.3
2.0 111 11e1 11el 1161 1161 11,1 21e1 3141 3161 13,1 136l 1161} 1361 236¢) 11.1 116} 1161 11,1 13.1
40 107 107 1067 2006 1066 2006 10s6 10,6 10,6 306 10.6 1066 20.6 20e6 1068 10,6 1067 107 1047
6.0 9.9 99 98 C.8 9.8 9.8 9.8 9.8 9.8 9.8 9.0 9.0 9.8 9.8 9.8 9.8 9.8 99 9.9
8.0 8.7 Be? 8.7 8.7 8.7 8.6 846 8.6 LY 846 Beb 8.6 Beb B840 8.7 8.7 8e7 (. 1% 4 0.7

1040 7¢3 763 7.2 Te2 7.1 7.1 7.1 7.0 T2 7.0 7.0 7.0 Tel Tel Tel Te2 Te2 7.3 Te3
12.0 55 Seb Seb 5e3 5.3 52 Sel S.1 5.0 .9 5.0 5e1 5.1 5¢2 943 .3 Seb Seb L I1)
14.0 3.3 3.3 362 3.1 3.0 269 248 2.8 207 207 2e7 248 2.8 249 3.0 3.1 3,2 3é2 3.3
16.0 o? o7 b 5 oh 2 ol 0 =1 =l sl 0 ol o2 b 5 ) o7 7
12.3 =241 262 23 =209 2.7 ~2.8 =3.0 3,2 -3,.3 3.3 -3.3 -3,2 -3,0 =29 27 ’2.5 24 =2e3 =23
2v. =542 -%e3 =55 =548 -be0 =bed ~6e¢5 =be7 “Be9 =0,9 =6e7 {7 «beb “$e3 =6l =5¢9 =5,7 «%5,6 *5e9
2¢0 “Beh <805 <=BeB 2952 9,6 <=9,9 =10:3 <105 =10,8 10,9 =10e6 =206 =310,3 =10e0 =9,8 29,8 =9,2 «9,0 =8,9
240 =1160 =112 =11e8 ~1262 =129 =13:% =139 =10,8 =13,8 =150 21440 =& 14,0 =13,6 =13,2 12,8 ~12,.5 =12:2 ~1240
2640 *13e0 =132 =1347 =1%e5 =153 =160 ~1608 ~17:e6 =18,2 =1845 =1842 =17e6 =17¢0 =1605 218,00 =19.5 ~15.0 =14eb =18,
28.0 =1443 21445 ~15¢1 21640 <1669 <1743 =1847 =19,6 «29,5 =20,8 =204 =19:6 =16.9 =18.3 =17.7 *17e) =16e6 =1641 =16,0
30.0 =15¢3 =1545 =164l ~1740 ~18.0 =18,9 =199 ~2049 *2149 =223 =2149 =21e0 =20e) =19,4 =18,B ~18,2 *17e¢? 1762 =17.3
3240 “16e% 21846 =172 =18e0 =190 =23,0 2160 =22¢1 =2301 =23¢5 =23.0 =2201 =212 «20e5 =19.9 =19,3 «18.7 «1843 ~18.1
3440 “1747 «17e9 =18e% =192 =20,2 =21,2 =22.2 =23eb =2804 =24,0 =240 22304 ©22,5 ~2147 22140 =20e% =199 =19,8 =10,4
3640 =190 =192 =197 =200& =2)1eh ~2244 =2345 2008 =25,6 =26,0 =25.6 2807 22347 =229 2202 =235 ©21:0 20,7 *20s6
38.0 =2Ce2 <2004 =20e8 =215 22264 =23,5 2446 =25,0 «2h48 =2742 =2607 =25.8 =240 «23,9 ~23,2 =22e6 =221 =21.8 =2146
4040 «21e3 =2104 =219 =22.86 =23,4% “2845 =22.6 -26,8 ~27,8 =28e2 =27¢8 =2648 =2%,8 2469 22442 «23,5 «23,1 =22,7 =22¢6
42.0 =22¢2 =22¢4% "2243 =23:5 #2604 ~25.4 =266 =274 20,8 =20,2 *2847 =27e8 ©2667 =258 =25,0 =»2&o& =23,3 =23,6 =23.5
44.0 =230l =23e3 2307 =263 =2542 ~2642 =2704 =2847 =2947 =30s) =29¢6 =287 =27.6 =26,7 =25,9 =252 =248 =24,9 ~24,6
460 =2440 =260] =2605 =25e1 =206e0 ~27,0 =2842 22945 30,9 =30,9 =305 ©29¢% 28,4 =27,4 =266 =26,0 ©250% 22502 =2%.1
49,0 “2807 =2409 =2503 =25.9 =2607 =27:8 =29,0 ~30e? @313 =31,7 ©31¢2 *30e2 =29:2 ~2862 =27,3 w2607 22602 =259 =25,8
£8.0 =2505 =25006 =2600 =260b =274 =28.5 =29,7 =30,9 «32,0 =32,4 =31,9 =31,0 =29,9 «28,9 =28,0 ©27¢6 =2609 =2606 =2645
2.0 =260]1 <2603 ~2606 =27¢3 =284l =291 =3003 =3146 =32,6 33,0 =3206 =3166 «30,5 =290,5 28,7 =280 «27.5 =27¢2 =276}
£4,0 “lled =209 =273 =27e9 =2847 =29+7 =310 =32,2 =33,3 =3347 =33¢2 =32¢3 ~3141 =300s] =293 =28,6 «28,1 =27.9 =278
£€ed <. Teh =27e5 =2Te9 =28¢5 =29¢3 =393 =3146 =328 =33,9 =34,3 =33,9 *32,9 =31.8 =307 =299 =29,2 228,7 28,4 ~20,3
530 “2b00 =280]) =285 =29e)l =29+9 =30+9 =32,1 =33,4 =34,% «34,9 =346,5 =33,5 =32,3 *31¢3 *300% =298 =29,3 =29,0 28,9
¢0.0 =28406 =287 =2940 =2946 =3004% =31e5 =32,7 =34 9 235,00 =355 =35,0 =34,1 =32,9 =31,.9 ©3160 =3063 =29,9 =29,6 =29,9%
€29 “29¢l =29e2 ~29¢6 =30,2 =310 =32,0 =33,3 =36, =35,56 =3641 =35,6 =346 =33,5 «32,5 ®3)lsb =30,9 -30,4% *30e2 «30.1
X XY"] =257 =298 ~30e2 =30eT =316 =3246 =33¢8 =35,1 =36¢2 =3065 =36¢2 =3%02 =34el =33,0 =32,2 =31,5 *31:0 =30.7 =30s6
66.C =30e3 =3004 <3007 =3103 =32,)1 =33,2 =360% =35,7 =36,8 =23742 =36¢8 =15,8 =34,7 23360 *3248 =32, =316 =3143 =31,2
3.0 =308 =31e0 =34e3 =31e9 «3247 =3347 =35,0 =3543 =3744 =37,8 =370k =38,5 =35,3 =34,3 «33,4 =32,7 «32.,3 =32.0 3169

70+6 =3lef =31eb =319 =324% =3343 =364564 =355 =369 =3R,0 =23845 =36s1 *37¢1 =36s0 =35,0 «34.e1 =33,4 =33,0 =32,7 =326

1t



IMCIDENCE
ANGLE (DEG)

Cel
2.0
4.0
6.0
B0
19.0
12.0
14,0
16.0
18,0
2C.0
2200
2400
2640
2% 0
39.0
32.0
34,00
3660
38,0
40,0
42,0
4400
46,0
5360
22.0
S840
5t
£5e0
660
62.0
6440
64600
¢8,0
70.0

Ge)

16.9
16.7
16.3
9.6
8.0
7.3
5'6
3.7
1.4
~1l.1
~3.8
L TX)
“Be47
=10.4
=11.5
=12.4%
-13.4
~l4.4
15,7
=-16,7
-18.0
~-19.0
-19,9
=-2Ce7
'Zl.’
-2243
2249
23,6
-26,2
24,8
-25"'
=-206e9
—i4e9
271
=277
-2303

10.0

109
16,7
10,3
9.6
8.6
7e2
Ze0
2.7
1.6
-1.1
-3.9
“de b
-809
-10.,6
~ll.8
=127
-13.6
=l4,0
=1%.9
=171
~18.2
=191
<2040
=209
-21.7
=224
=23.1
=237
=24.3
«24,9
2545
=-26,1
=-28+6
=~27.2
=27.8
-28e4

2040

10.9
10.7
10.3
9.6
BeS
Te2
5¢0
3.¢
1e3
=1.3
4l
be9
-Ge3
-11.2
=12e¢4
=13.3
14,2
=152
«16e4
=176
~1846
~-19.¢
=205
-21e3
-22.1
=228
=2345
=280}
‘2‘07
-2%43
-2%e9
=264
-270
~27.6
-2842
-28e8

3v.0

10.9
16,7
10.3
95
8.5
Te2
%55
2.5
1.2
1ok
-he3
73
=99
=119
-1342
-16,2
~15.0
~1640
«17.2
18,3
1943
=2C.3
=21l
=220
‘22.1
~2344
-2461
—24e7
‘35.3
«2%49
“2be%
-27.0
=2746
-28.2
=2847
294

40.0

109
10,7
10,2
99
B8e%
Tel
25
3.6
lel
g T ]
=hebd
7.7
=106
~12.8
=16,2
=1%,1
=16.,0
«17.0
-13,1
1962
-23.2
=222
«2240
-22,%
-23.6
2443
-zq.q
-25.4
24,2
-2&,7
=273
=279
~20.4%
~29.0
=296
~30,2

50.0

10.9
10.7
10.3
9%
Be5
7.1
5.4
3.3
1.0
'108
=408
-8.1
~11l.1
«13,95
=15.1
~16.1
=17.0
=18.0
=19.3
=20.3
=21.3

-
=22

=231
=229
24,6
=253
=260
2646
2742
~ZTed
-2be3
=2849
=295
=30.0
«30406
=31le2

NRCS TABLE IN DECYIBELS

FREQUENCY » 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY »

6060

1C.9
1067
10.3
9e5
Bebh
Tel
243
3.3
8
=2.0
=5.1
L4 L)
=11leb
=14.2
=159
=170
=1840
=19.0
=202
=21eb
=224
-22.3
-24,2
=250
-25.8
~26¢9
272
=278
=Beb
~-£9.0
238
=30.1
=307
=31e2
~31.8
=32.5

2540 CH/SEC

RELATIVE AZIMUTH ANGLE (DEG)

7040

1.9
10,7
11,3

9.5
Beh
740
5,3
3,2
7
-2.1
“5.3
'307
=121

-14,9

-16.8

-18.0

-13.0

-20.1

“21+4

-22,%

=23.6

“2he8

«2%.%

2603

«27.0

«27.7

28,4

=294

23,7

'3”.3

=35.9

~31,.4
=32.0

-32,5%

-33.1

-33,8

80,0

10,9
19,7
19.2
9.%
)
7.0
5e2
3,1
o7
'2.2
-S4
8,9
12,5
~15:.5
-17.6
19,0
*20.,0
=211
-22,2
*23,5%
2445
-2%.b
-26.9%
=273
=28,1
-28,8
=29.%
=30.1
30,7
«31,13
=319
=32,85
=33,0
-33.6
=34.2
3469

9049

10.9
107
19,2
99

- P
Te0
5.2
3.1
b
=262
o I} )
«9.90
=126
=1%.8
«13,3
~“1%¢4%
-2005
«21e5
-2208
=239
*2%.0
7640
~-78¢9
277
=28e5
~2962
=2949
~30.5
*3lel
-3.7
3243
=32.9
=32.5%
=341
°3‘07
=35¢%

160.0

1Ce9
1C.7
1C.2
9.5
e
7.0
562
31
o7
~2e2
~5¢4
‘8.9
=129
~15.5
=17:6
-18,9
«20.0
21,1
-22.3
=235
24,5
=2%¢5
=2t
27,2
-28.,0
-2667
-29,%
-3001
«30,7
-31.3
=31.9
=32.%
-33,1
3347
~34,3
~35,0

110.0

10,9
10.7
10.3
95
3ok
7.0
S5e3
3.2
o7
2.1
=53
-8,7
~12.1
1449
~16.8
~18,1}
=19.1
=20.1
-zlet
=229
«2346
*24,6
2545
=26,3
271
27,8
=28+5
=2G.1
~2947
-%0e3
=30¢9
=31.%
3241
=327
-33,3
~36,0

120.0

10.9
10.7
10.3
9.5
8e¢4
Tel
$e3
3.3
o8
«240
“5e1
-804
3le?
1443
-36.1
=172
-160s2
1942
-20+%
=216
=22e8
2235
2406
e25.2
«24840
-26,7
=27k
«28.0
=28e6
“2%e2
~29,8
«30e%
=330
o316
«32,2
*3249

130.0

10,9
10.7
10,3
95
8.5
7o}
5S¢4
3,3
o9

=] e8
-‘.9
842
’11.3
13,8
“15,5
=1be6
175
=18,%
'1906
20,7
=21.7
«22¢6
=23¢5
’2‘.,
=25.0
2547
=264
~27.0
=276
28,2
~28,86
€9,3
29,9
~3045
-3132
'31.9

140.0

1069
10,7
10,3
95
8,5
7.1
55
3,4
1.1
=17
".7
=Te9
-311.,0
=13e%
=15,0
=16.,0
-!509
-17.8
~19.0
=20,
=214y
23¢9
~22e¢7
'2305
=26,2
-'2‘.9
*2%5.5
26,1
26,7
=273
279
28,5
=29.1
=297
«30,3
=31.0

15040

10.9
- 107
3043
9.5
8+5
Te2
545
3.5
1.2
*1le5
“4e5
=76
-10.%6
-12.9
~lé, 4
*1%5.4
«1643
*1l7.2
=168,3
~19.4
=204
«21e3
2241
2248
=23¢6
2442
=249
«2%.%
-2643
w257
=272
278
=28.%
2940
=29.,6
=30.3

160.0

10.9
0.7
10.2
9.6
8.5
7.2
Seb
8.6
1.3
’1.‘
L P
=Te3d
=10.,2
~12.4
-13,9
=1408
«15.7
=1547
=17.8
18,9
«19.,9
22048
©21eb
=22+4
-23,.,1
«23.8
2406
=25.0
=25,6
'26.2
=268
=273
«27.9
~28,5
-29.2
-2909

170.0

10.9
10,7
10,3
9.6
Beb
Te2
S5eb

E Y )
1.3
~1e3
wbo2
7.1
=9.9
«32.9
=13.6
=lbeb
*1%.,3
=16e3
=179
*164¢5
*19.5
=205
=21e3
2201
«2248
2345
24,1
26e?
=253
=259
26,5
=270
276
2842
=289
=29,6

180.0

1049
10.7
10,3
96
B8e6
Te2
e
3.7
$e6
=1e2
obeld
=73
=98
=119
=13e2
=14e2
=151
16,1
=1Te3
«18.4
=298
«20.3
=21.2
=22.0
=227
«23:6
=240
2606
-2%.2
25,8
2604
©2649
=279
=28e1
=28.8
-29.5

n



INCIDENCE
ANGLE (DEG)

0.0
2.0
4.0
6.0
- PYY)
1V.0
12.0
14,0
1¢.0
18.0
20.0
22.0
?"c
26.0
2¢e0
3040
32.0
34,0
3e¢.C
3.3
4340
©2.C
“‘.o
L1-XY ]
48.0
0.0
52.0
5600
56.0
58.0
60,0
6240
64,0
66.0
68.0
705

0.0

1045
Oat
1¢.0
9.3
8e4
762
o7
4.0
1.9
=e3
-2e7
~£.9
'70:
LR )
344
=iC.1
=103
-il.?
=-13,0
~i6e2
=1%¢3
=-l¢,.3
-17.3
=1€el
-1€.,9
=190
=20.3
=210
=22eb
XY
2248
=226
2349
-24,5
=2%ed
-2%47

1040

1045
1004
10.0
9.3
Be4
7e2
Fe?
4.0
1.9
ok
“248

[l
~5ed

-7el

=844

-;lt
-1Ge6
=112
=12.1
=13+2
1446
=195
“1¢e5
=-17+4
=1843
=19.0
=198
-20.5%
=21.1
-21le?
=223
2249
=2345
24,1
-24408
-2%e2
=258

¢G«C

10.5
104
10.0
9'3
8a6
72
57
3.9
le8
=¢S5
=3.0
545
~Tet
~9e2
=ide2
~11.0
=11.9
-12.7
-13,8
'19.9
=1be90
«17.0
-17.9
-18.7
-19.5
=202
'20.9
~21.5
~22.1
=227
“2343
~23.9
-24e4
‘2500
“25e8
2642

30.0

1%.5
1IN .4

Betr
Tel
3¢
3.6
1.7
~e?
=343
=55
~842
130
=1ll.l
-11.9
-12.7
=13.5
~l6eb
=197
-1647
177
=185
-19,4
-20,1
~20.6
-21.5
‘2201
227
-23.3
-23.9
~2445
=254.0
-25.8
-26.2
-26.8

0.0

lded
104
100
9.3
8.3
Te1
-eb
3.7

P Y
e
=346
’503
-8,8
“1(eb
=120
~12.9
~1346
-14,5
=1545
-16.8
=1l746
=l€s6
’19.5
-20.2
=2140
=217
-22.3
’Z3u°
-2348
~24e2
-24,7
=25.3
2%, 8
=2be4
«-27.0
=276

NRCS TABLE IN DECIBELS

FREQUENCY = 13,8 GHZ

VERTICAL POLARIZATION

FRICTION VELOCITY =

@
(&}
-

3

f
©
.

W

10.4
10.0
9.3
8.3
el
5.5
3.6
l.4
=1el
3.8
'6.7
=G4
=11le5
=12.9
-13.8
~14.6
~15%.5
=165
=17.6
=13.6
=13.6
-20.5
=213
=-22.0
2247
=23,4
-24.0
-26.6
-2%e2
=258
=26.3
«2647
-27.5
~24,0
-28,7

60.0

10.5
1044
10,0
Se3
8.3
7.C
Seb
2e6
1.3
=1le2
=46+0
‘700
~949
=122
~13.7
°1607
-1%568
=1645
«17.6
«19.7
=19.,8
=207
=21.6
=224
2342
=2349
=264b
-25.2
-25.8
=2846
=270
~27.5
2601
~2be¢?
-2913
-29.9

30.0 CM/SEC

RELATYIVE AZIMUTH ANGLE (T%6)
90.0 10040 110+0Q 12040 1300 140+0 150.0 160.0 170.0 130.0

70.0

10.5%
10446
10,0
9.3
“e3
70
Ses
3.5
162
=1le3
hy?
-7¢3
=1043
=12.9
=l4eb
-15.7
“1b,6
=175
-18,7
-19.9
=209
«2149
=229
=23,8
=244
=25.1
=258
w2he®
=271
277
29,3
=29,9
2% 4
=30%.N
-30.6
=312

€0.0

10.5
1044
1040
93
A.3
7.0
Set
Jeb
1.2
=104
=436
=76
‘10.7
“131.5%5
=154
“16.6
=17.6
-1845%
«19.7
20,8
=219
*22¢9
«23,8
24,7
=255
=2642
2649
-2’05
«-2Re}
=28e7
=29.3
=27.9
10,9
=311
’31.7
-32.3

10.9
1044
10.0
9e3
8.3
7.0
Seb
34
l.1
=145
=bhot
~Teb
~10.9
-13.7
=15.86
=17.0
=18.0
-IB.Q
=201
=21.3
w2243
-2343
~2442
=251
~2%¢9
=2646
=273
=27.9
=2946
=292
=29.8
=310.3
-'!0.’)
*11.9%
=32.4
=12.48

10.5
10,4
10.0
943
8.3
1.0
S5¢4
3¢
1.2
“le4
=hot
‘7.5
-]li.7
=1Z..
=1544
=1b64b
=175
-18,5
=-19.6
=20.08
=219
=229
~23,.8
=2446
=2544
-26.1
=26e8
=275
~2B.,1
=28.7
=29.3
=299
~30.5%
=31l.1
“3l.7
~32.4

10.5
10.4
10,0
9,3
Re3
7.0
Set
3.5
1.2
=13
=42
=7+3

,ouved
-32e9
*14eb
=157
1646
=176
-10,7
.19.°
=20,9
=21.9
=228
«23.7
=260
25,2
25,9
265
=27.1
=27.7
-208.9
28,49
-29.,%
~30.1
«30.8
~31e%

10.5
10,4
10,0
9e3
863
7.0
.4
345
1.3
-1,2
4o}
=7e1
-Q¢°
~12.,3
=13,9
14,9
-15,8
1607
=17,8
~1849
=200
=20.9
=21.8
=22.6
=23.4%
®24,1
=248
-2%.%
«26,0
=208
=272
=27.0
20, b
=27.0
“le7
«30.8

10.5
10.4
10,0
943
843
7.1
55
3.6
leh
-1,1
*3,%
=6e8
9,6
-11.8
13,3
14,3
-15,1
=316,0
=17.,0
=18,.1
=1%,1
-20.,0
=2049
=21.7
=224
’2301
=23,.8
°Zb.6
-25,0
=258
-26e2
=268
-27.%
7040
=~20406
29,8

10,5
104
10.0
93
843
7.3
5.6
3.7
145
-9
3.7
=be5
-942
=114
-12.8
13,8
-14,5
=153
=16.3
17:.4
«18e 4
193
=2061
=20+9
«21e¢6
'2203
«23.0
=23.6
2442
24,8
%3
~2%e9
“2h.9
’2'.’
=278
=28,9

10.5
1044
10.0
9e3
8.4
7.1
S5e6
3.8
167
=8
=3.5
=He3
=8e9
-10.9
-12.3
-13,2
=13.9
=147
=15,7
=16.8
=178
-18,7
«1945
=20.3
=210
=21.7
=223
=229
~23.5
=24,1
2447
253
-:’.ﬂ
=2h,9
“tlel
“27.8

004 4o

IVNIONYO

ALFIVND 4
&1 39vd

10.5
10.4
0.0
93
8.6
7.2
5.7
3.9
1.8
=
“3.,3
=650
=1,9
=13. %
11,7
*12.6
=-13.3
14,2
=15.2
=16.3
=173
-18,2
=19.0
=19.,8
=2005
=21.2
=21.8
=22.3
«23.0
=236
24,2
74,0
LIATY]
L7 XY ]
-}ﬂoﬁ
=203

1045
1.4
10.0
9.3
84
Te2
507
3.9
1.8
5
'30‘
=-5.,8
-8,2
=10.0
=11,.3
=12.1
=129
=13.8
14,8
=1%.9
=1649
=17.8
=16.7
=19.,5
«20.2
«20.9
=21e%
=222
=228
“?%3.3
-2%9.9
2469
=5,
“he?
ophed
=470}

10.5
10.4
10.0
9.3
8eb
72
8.7
3,9
1.8
=5
=31
=57
8.1
949
=11.1
=32.0
'12.7
=136
-16.7
=15.8
=16.8
=37.7
«18+6
=19.4
=201
=20.8
218
«22,1
22,7
=29.2
=23.6
ofi, 4
“19,0
«fhet
“Pbe )
27,0



INC JIDENCE
ANGLE (DEG)

G.0

2.0

4.0

6.0

8.0
10.0
12.0
14,0
16.0
13.0
20.0
2240
2440
2ée0
2040
3G.0
32.3
36.0
3t.C
35,4
«l.0
LS
“4,0
45,0
%50
50.0
2.0
54.0
St.0
$2.0
G0
626
the0
6.0
68.0
70.0

0.0

10.2
10.1
9.8
9.1
8.3
7e2
£e.8
4,2
2e3
o3
-l.8
-3.8
-5.5
'6.7
=7¢6
-8,2
~BeQ
LA TR
«iC.2
Y249
-1z3,1
abhed
=152
=15%.9
'1607
~17e¢6
-iR.l
“lZed
1G4
=2C.0
=20e6
-ZI.Z
-21.8
~22.3
2249
'23.5

10,0

10.2
10.1
9.0
9e1
8.3
7e2
Se8
4e2
243
2
-log
'5-0
“5e7
L TX
~78
-2.5
‘9.2
“10e7
=1le0
=121
-12.2
~l442
-1%e2
'LQ-O
-l6.8
=17«6
-1343
-lBe%
=~1%«¢
=202
«20e7
-21.3
-2149
-22.5
=23.0
~2346

20.0

10.2
10.1
9.7
9.1
8.3
7.1
5.8
el
2.2
ol
=201
=6.3
~bs2
‘715
~Zeb
~ed
~Tet
=1C.¢t
*l1l.5
-12.7
-i3.7
-14s7
“1%.:6
=16+5
-17.2
~1840
-l€.,7
-1%¢3
-1%e9
=205
~Z1.1
-21.7
~22.2
=223
=23e¢%
-24,0

-0.0

10.2
10,1
947
9.1
8,2
7.1
5.7
4e0
2.1
-el
244
b8
“6e%
=23
%43
-19.0¢
~l0.7
=1l.4
=124
=13.¢
'l“o’
=154
=16.3
~17.1
’17.9
1346
-1743
-19.9
~2uet
=21.1
«21e7
2243
~22.8
23,4
-24,.0
24,6

40.0

10.2
10.1
97
9.1
8e2
7.1
Seb
3.9
1.9
-3
-2e7
=52
'7.‘
‘9.1
-1C.3
-11.90
=1l1l.7
~12.%
=13.3
=lasb
“1lf.4
-16-3
=172
-18.,0
~1lt,.8
“1%¢5
-ZG.Z
~2C.58
=21le4
-22.0
=22¢8
'23.1
~2247
2442
~24,40
“25.4

SOV ’

Ve
10+2
9.7
9.1
8.2
7.6
Seb

NRCS TABLE IN DECIBELS

FREQUENCY » 13,9 6HZ
VERTICAL POLARIZATEION
FRICTION VELOCITY »

€0.0

10.2
10.}
97
Fel
8.2
7.0
5.5
3.8
1.7
~ob
=342
2%
“CeS
=10.3
=11l.9
“l12.8
«13e6
~1l4.4
=153
~164.5%
=175
~18e5
“1%e4
«2Ce2
~21.0
‘21'7
~22¢4
'2300
«23.86
'2‘02
24,8
=2%. 4
-2%.9
-26.5
=271
277

3%5.0 CH/SEC

RELATIVE AZIMUTH ANGLE (DEG)
9040 1000 110.0 12040 130.0

70.0

1C.2
10.1
97
9.1
8.1
7.0
$e5
3.7
1e6
-efl
-3¢
~6be?
~0e0
-11.?
«12.8
~13.8
=14eb
«15.,6
2 LT
1766
’,aa7
=1%.7
-2046
=21.6&
=222
«22,9
=236
~-26+3
-2..@
~2%.5%
28,1
=267
~27.2
-27,.,8
=284
-29,0

8040

1042
10.1

97

LI}

8.1

(-}

Seb

348

1%

-9
~34b
645
~9eb
-11,.2
=13,%
-16.7
~15.6
1604
“) 7.6
=18,6
-19,7
'?0.7
=21.6
2?5
23,2
24,0
26,7
°75.3
=28,0
-26-6
2761
277
-29.3
=2R,9
295
=30,.2

10,2
1041
97
91
8,12
649
5.4
346
1.5
-9
“3.7
=6eb
=9,5%
~12.1
«13.9
=15,1
-16.0
~16e8
-17.8
=19,0
=20,1
-21.1
~22.0
'22.9
=236
-7.6‘“
=-25.1
=-2547
2664
-27.0
=276
=28,2
'20.‘
-2006
~30.0
«30e6

10.2
10.1
9.7
9.1
8.1
6.9
5%
3,6
15
-9
=3.6
-te®
*Ge b
~311.8
=13.6
-14e7
-15.5
=1l6eé
“17.%
~108+5
=196
=20e6
=21l.6
=22+
23,2
-23.9
2446
=253
=2%.9
«26.6
-27.1
-27.7
-28.3
-29.0
-29,6
=30.3

10,2
10.1
9.7
9.1
8.1
7.0
S5
3.7
leb
~ef
=3ebh
,~%¢3
‘9.0
=112
~12.8
-13,8
=14.6
=155
-16.°
=176
=18,47
=197
=206
=21¢5
=2242
-23,0
=~23,7
=2443
=2%540
«2%.8
-26.2
=2648
~27e4
-28,0
-28,6
~29.3

10,2
10,1
97
9.1
B2
7.0
5.5
3.8
167
e
3,3
-5.0
8466
«31Ge?
-12,1
=139
13,8
=14,6
~15%5.%
167
=177
18,7
=-19.6
«20.%
=21e2
-21.9
-22.6
-2%.2
=239
24,5
25,1
*25%5.6
2642
=269
-2105
=28,2

1062
10.1
9.7
9.1
862
7.0
Se6
3.8
1.8
-e5
*3.1
=57
*8¢2
=1062
=11.6
=124
=13.1
=13,9
-14,8
“15.9
=16.9
=17.8
=-18,7
=19.95
~2002
=20.9
=216
-22.2
~22e8
“23¢4
=24.0
2446
2542
=258
'2605
=27e2

1640.0 150.,0 160.0 170.0° 180.,0

10.2
10,1
97
9.1
8.2
7.1
Seb
2.9
1.9
-.‘
=249
5.9
.709
“9.6
-11.1
“11.9
=126
*13.3
-16.2
-15.2
1642
171
~179
-18,7
=194
-20.1
-20.8
«21.4
=220
=22e¢b
~-23.2
=23.8
2404
«2540
«25.4
2843

10.2
10.1
9.7
9.1
8.2
701
$e7
4.0
240
-2
=247
-5.2
-1.5
=9,3
~30,5%
’1‘.3
-12.0
=12.7
13,6
wlé, b
'1,.6
-16,%
=173
-18,1
OIB.G
=16,5
-20.1
-Z0.0
~21e4
«219
.22.9%
2341
-23-7
24,43
-25.0
-2507

10.2
10.1
Fe?
9.1
8.3
Tel
“o?
4.1
201
el
-2e5
4,9
=7el
8,8
9.9
~10.7
“lleé
=32+
=13.C
=14,])
=151
-16.0
=168
“17.6
1803
19,0
19,7
=20+3
~20.9
=21e%
=22,0
«22+6
-23.2
~2348
24,9
-2%.2

10,2
10.1
9?7
9.1
8e3
7ol
S8
4,1
2e2
N
2.3
4,7
‘6.8
*8e4&
°9¢’
«10,2
«310.9
*11.7
=1246
13,7
L2 X Y4
=156
=lbe8
=173
~18,0
-18,7
=19:4
=20.0
=200
=2162
21,8
=223
22,9
2306
24,2
=-266%9

10.2
10.1
9.8
.1
8.3
7e2
S5e8
o1
262
ol
=203
o4eb
~be7
842
-9e3
=10.1
-10.8
=11.5
=329
-313,86
=146
=315.5
=1646
-17.2
~17.9
«~10.6
«19.3
18,9
=20.%
=21.1
~2147
2242
=228
=239
24,1
24,8

oY



30
nO

004 »
v N\‘.\\

o &
vd 1

S

NRCS TABLE IN DECIBELS

FREQUENCY » 13,9 GHZ
VERTICSL POLARIZATION

-

FRICTION VELOCITY o #0.0 CM/SEC 173
INCICENCE RELAYIVE AZIMUTH ANGLE (DEG)

ANGLE (DEG) 060 1040 20,0 3040 40.0 5040 6000 700 80,0 9000 1000 110.0 120,00 130.,0 140.0 1500 160.0 31700 160,0
0.0 1060 106G 1040 100 10.0 10,0 1Ce0 1040 10,0 20.0 3100 10.0 10,0 1040 100 10.0 300 100 10.0
2.0 Ge9 99 9¢7 729 Ge? 9.9 9.9 9.9 9.9 99 Je9 9.9 9.9 949 9.9 9.9 9.9 99 9.9
4.0 Ge5 Fe5 9.5 9.9 9.9 9.5 “eS 9.5 95 Ge5 95 9.5 99 945 95 9.5 95 9.5 95
6.0 L | 9.0 9.0 9.0 649 Be9 ] Be9 3.9 €49 €e9 8,9 8a.9 849 8e9 9,0 90 9.0 90
8.0 €e2 342 842 8.1 Bel 841 B4l 84D 8,0 Be0 B840 Bs0 B8s1 Bel B4l 6s) Bl Be2 6Bo2

10.0 70l Ted Tel Tl 7.0 70 Ge9 he9 6,49 6e9 649 6.9 6.9 7.0 7.0 7.0 Ted Tel el
12.0 5.9 5.9 5.9 Se7 5.7 56 Seb Se5% 5% 55 5¢5 Se5 56 506 5.7 5.7 5.8 5.8 5.0
14,0 LIE) 4,3 43 4.2 TP 4.0 3.9 3.8 38 3.6 3486 3.8 349 4¢0 [ P91 bol 6e2 6e3 [ 1% )
16,0 207 206 245 2eb 2e2 2.1 2.0 1.9 1.9 1.8 1.8 1.9 20 2el 2e2 2e3 2e 4 29 249
1640 8 o7 ob ) o2 ~e0 -e2 -3 e ~e5 o b “e3 o2 -el ol o2 b o5 o5
20,6 “lel  =1e2 =leb =1e8 =2,) =243 =246 =268 3,0 ©3,0 =350 *2¢8 =246 =2,4 =2,2 <=2.0 *1e8 =147 =1.6
22.0 =223 =340 =344 =348 ~4e3 =8,T =50 =56 =85,8 =8,7 <545 =544 =5,1 4,8 Chs6 =453 =40 23,8 =3,7
2640 ~held -%45 -%+8 =5e¢6 ~te3 ~be8 -7.3 7.8 8,3 “Beb ~B0e2 7.8 Tk c7.1 6.8 “bo b 640 =546 -’.5
26.0 %53 ~%e5 6ol &9 -7.8 -89 -9,2 “%¢9 =11,% =1067 -10.% “9.9 943 =849 8.4 -8,0 “Teé 7.0 =6e9
28,0 “ted =had ~beT =748 ~EeB =9,6 =10e% =214 =12,1 <1244 ~12e40 1843 =10,6 *1Cel =98 =940 =844 <549 =7,0
3%.0 ~Leb -Le% -7¢5 % ek ~%e4 ~1Cs3 -1142 -12,2 ~13.1 "30’ =13,1 “202 “11.% “o.a -1003 ’#.7 .901 =89 .‘.’
312.% -Teé 7% “2el “7¢% =100 *1140 ~2169 =179 =17,9 =163 =13, =12,9 *12s1 =11e5 =109 =1043 @Q,7 <6,2 =961
36,4 "ol =22 ~3e% =347 =107 =1leb 1246 =1347 =14,8 «15,0 =14,6 =13,7 12,8 =126 =11:5 =309 =10e& <9,9 9,7
t.0 =2e7  =vea =70l 10,5 =119 ~12e5 =212.5 =148 «15,5 «1%5¢9 ~15¢5 ~ibeb6 =13,7 =1269 =12¢3 *1107 ~11+2 ~3Ce? ~3040
2246 =1Ce0 =1002 =10e7 =11e5 ~1245 =135 =14.% ~15.% *1640 =17,0 <1tsb =15,7 =14,7 =13,9 «1363 =127 =12.1 *11e8 ~11eb
6G.9 =1lel =11e3 =lle3 =1246 =1345 =14,5 =15:6 =16¢7 =17,7 =13,1 =17:7 =16.08 ~15%5,8 =15¢0 =1603 213,07 =1342 =128 =12,7
42.9 =120l =12e3 =128 =135 «1l4o6 =15,% =168 =177 =108,7 =191 =18,7 «17e8 =16,8 =15,9 15,2 =1&,6 =144 =137 =13¢8
44,0 =130l =1342 =137 =14,4 =15¢3 =16e3 =175 =107 «19.7 =200l ~19¢8 ~18,7 “17¢7 =600 =360 =154 =16.9 ~14,6 ~14,5
4L.0 “l6e0 =160l =14,.4 15,2 =121 =17.2 -1%2,.3 -17,% *2%,8 =2049 =2045 «19,5 -18.5 =17.6 “lteB® =16,2 .15.7 *1%5.4% 15,3
42,0 “lhe? =19e7 =153 =14l =1t 9 =17.9 =19.1 =20.3 =213 =217 =2143 =2043 =19,3 =18,3 *=1T7e® =106e9 ~16.6 16,1 =10,0
£0.0 =l0e% =l%e7 =20el =1%:7 =17.6 =1%¢bh =19¢8B =210 =22,1 =22,9 «22¢0 =710l ©20,0 =190 =12¢3 =17:06 =376 =109 ~16,7
£2.0 mlee2 =106 =1508 =lTeb 15,3 =173 22065 =71e7 =22,8 =2342 =22e¢7 ~21eB =20,7 ~19+7 =10+9 =18,3 ~17:8 =17,% ~17:6
£4,.0 “ibe? =174l =17e8 12,0 =1"07 =14a% =21a) =27¢b =230k =234 2344 =224% =210 =20e4 *19:% =J0.9 =18,4 =10,) =}0,0
s¢. 3 =17ef =177 =.%4% =12,7 “17¢% =2M4¢% =21e? ~23.0 24,1 -26,% -24,0 =-23,1 «22.0 -Zl-o -20.1 ~1v,.% -‘oto el f =10, 0
¢z.0 “loel <1843 =lfol 21903 “200] ~2lei 22242 2%l =7647 =20l =28,7 22347 =22eb6 =21eb =20e? *20,1 =19eh “19.,93 ~19,2
tCeC =38e7 =ieb =1%¢2 =17¢8 =2007 =2107 =7207 ~28402 =2%¢7 =2,47 =7%63 =243 23,2 =i'2¢2 2213 =20¢7 =202 ~19.9 ~19,86
Liel *lGe? =1%eb ~17e% =D2,4 =21le2 22243 =22.% =l4,4B ~-2%.8 '?003 2% ~2449 =238 =227 '2109 'ZloZ *20.8 -2005 'ZO-‘
L4, 0 ~1%e? 2040 =20es =21.0 =2.08 ~¢2:8 =2hel =2%¢F =2546 =2be *2445 =29¢% =26,6 22343 =22.5 =21e8 =21e4 =2lel =21,0
Le.C “lLeh =20l “2ULe7 =21.Y% «2leb =234 =2606 =2%% =270 =275 =274 ~2601 =2%,0 =2660 =23:]1 =2244 =2240 =21e7 =21e6
t%Z.,C =210 =2le2 =2105 =2241 =2249 <26,0 =252 =26e5 =276 =20801 <2707 22807 225,86 2446 =238 =23¢]1 =2246 =223 =2243

7340 =2leb =2108 <2241 =2247 ~2346 =2446 =2509 2702 =283 =2848 =20eb «2T0eh =26¢3 22563 =24¢5 =23,8 =23,3 «23,1 =23.0

<t



INCIDENCE
ANGLE (DEG)

0.0

2.0

440

6.0

8.0
1C.9
12,0
14,0
160
19.0
2C.0
2240
2‘.0
2¢.0
25.0
30.2
32.0
34.0
36.0
38.0
40.0
42.0
44,0
‘b.o

Qe

9.8
Se7
94
8.8
8.1
7.1
5«9
4¢3
2.9
1.3
-eb
~2.0
=3.2
-‘0‘
-be7
-%5e2
“5.7
~b.b
=7.2
=842
“%sb
~10ew
=1lleb
~12.3
-13.1
-13,.,3
“1443
~-15.2
1543
-l6.5
-17.9
=178
-18,2
«18ed
-19.4
=20.0

10.0

S48
Se¥
Feb
8.8
8.1
7.1
5.9
beb
2.9
1.2
-5
=241
‘3.‘
4,3
4.9
=54
-6e0
~beb
~Tet
-84
‘9.6
=10.6
~11+%
-12e46
-13,.2
-14.0
1647
=153
-1640
-15%.8
-17.2
=177
=183
-164,9
=19.5
=20.1

20.0

9.8
9.7
9.~
Ge
8.1
7.1
Se5
beb
2e8
1.0
-eo8
=265
-3,9
~he9
“546
-bHel
~6eb
‘1.3
-8.0
9.0
~1lel
"1:-1
=12,0
=129
-13.6
=144
~1%.1
-1%.7
~l6e%
-17.0
~17.5
-18,1
=-1847
-1943
‘19.9
=2Ge5

30.0

9.8
Ge7
¢4
8.6
8.0
7.0
5.8
4.3
2e6
o8
~1les2
=3.0
-4eb
’5.7
=-6ed
~Tel
=Teb
'6.2
-5.9
-9.8
-10.9
-1l &
“12.7
«13.6
-1%.3
-15.0
-1507
=1hed
=17.C
-17.6
~16e2
-18,7
~19e3
=13.9
-20.%
-21.1

4040

98
97
Y&
6.8
840
70
Se7
he2
245
5
-1e%
~3.5
=€a3
~€eb
-Teb
'300
-8e¢5
~9%,.1
'9.9
=1C.8
~1l.8
~-12.7
~13.6
l4.4
=1%.2
~15.9
-16e6
=172
~17.8
-18.4
-19.0
=19.6
=201
=20.7
-2103
-21.9

50.0

9.8
9.7
9.3
Be8
840
6.9
56
441
23

~1.8

=3.9

-5.9

-7.3

-Be3

’8.9

~9.53
-10.1
~10.8
~-11.8
=12.8
-1248
-l4.6
=155
-1642
-17.0
~17.6
=-168e3
"1809
-19,.%
-20.0
~20e6
=21e2
=217
~-22.3
-23.0

NRCS TABLE IN DECIBELS

FREQUENCY = 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY o

6C.0

9.8
97
9.3
8.8
8.0
649
Seb
4,2
242
2
=240
~443
Ld- Y1)
-800
‘9.1
’9.0
~10e4%
-1l.1
-1l.8
=12.8
-13.9
24,9
=1%.,8
~1646
=1T7.4
-168.1
-1e,8
~1945
~20.,1
-2047
=21e3
=-21l.8
=22¢%
=2340
=23.6
=24e2

4%5.0 CM/SEC

RELATIVE AZIMUTH ANGLE (DEG)
90,0 10040 110.0 120.0 130,00 14040 15C.0 160,0

70.0

Qe8
97
9.3
368
7.9
69
5.5
4.0
2.1
o0
=243
~446
=be9
'507
=949
-1%,8
=11e4
-12,1
-12.9
-13,9
-15.0
~1440
’17.0
-17.8
~1848
=11%.,6
=20.1
-2007
~21e13
=219
225
=-23,1
=23,7
-2443
'2‘.9
=255

80,0

98
9.7
9.3
8.8
7.9
6.8
5%
3.9
240
“ol
26
~6e9
“7e3
-9.3
“1%.7
~11.7
124
=13,.1
-13.9
1449
«16.0
«17.0
~19.0
~18,.8
“1%.6
234
-21,1
-21.9
2206
-23.0
«23,4
24,2
24,8
2504
=26.0
2646

9.8
9e?
9.3
8.7
749
6e8
55
3,9
240
~el
205
=540
~7e%
=9.6
-11.1
-12.1
=12.8
=13.5
~14,3
153
-1%.4
=174
'lbob
-19.2
=20%.0
-20.8
'2‘05
-2242
=22.8
-23.4
~24.0
=24.06
~25.2
=258
-26-6
=271

9.8
9.7
93
8.8
79
6e8
565
3.9
2.0
=el
=24
=409
*T7e3
~93
-10.7
-11.7
=12.3
=-13.0
=13,9
14,9
~14.0
=-17.8
“-17.9
~10.8
=19.6
-20,4%
-21.1
=217
e22eh
=23.0
=23.6
2442
-24,90
=25,4%
=26.1
=267

9.8
Qe?
943
8.8
7.9
be9
5%
4,0
2e1
«0
=243
“hob
649
~£a7
=100
-10.8
=11+95
=12.1
~12.9
*13.9
-1%.0
=1461
=17.0
-17.8
-18.6
=-19.%
-20,3
-20,8
=214
=22ed
“22e6
=23e2
=238
2444
=251
=258

9.8
97
93
8.8
8.0
6e9
5¢6
4.0
242
o2
=21
~heb
-605
-8,1
=363
=100
~10.6
=113
~1240
~13.0
=14.1
“15e1
~16+0
-1648
176
-18,3
«19.0
-19.7
*23.3
-2349
=215
=220}
~22.7
=23,3
=240
=24e?

9.8
9.7
93
B8e8
8,0
649
Seb
LT}
243
o3
=19
Gl
'601
-7e7
~8a7
-Qeb
=100
=106
=11.3
«12.3
=1343
=1442
=15.1
=-15.9
=167
-17.5
~16,1
-18,7
«19.3
=179
-2045
=21e}
=217
=2243
=23,0
237

9,8
97
Q¢4
9.8
8.0
7.0
567
LYY 4
244
X}
=1e7
-3,0
-5.8
*7e3
«-8¢3
-8e9
'905
=100
«10.7
=11.6
=126
1345
=144
-15.2
=159
*10eb
«17e2
=179
-10+5
=191
=19.7
«2062
-20.8
=2145
-2241
“2248

9,8
9.7
Feb
8.8
8.0
7.0
S¢7
4.3
245
b
=1.5
=35
-S54
~6e8
~Te?
-8e3
~8e¢9
-90‘
«10,.1
-11.0
«12.0
1249
«13,7
=14.5
=153
=16.0
=166
172
«17.8
~18.%
-19,0
=19.6
«20,2
-20.8
=215
222

9.8

L 1Y 4
96
8.8
8.0
7.0
5.8
443
26
o7
«1.3
=342
=5.0
503
7.1
~Te?
=842
8,8
9.6
«10.9
=11le5
-12.4
-13,2
~14.0
=14.8
=15%.53
=166
=16+8
“1T7e4%
-17.9
-12.5%
19,1
=19,7
=20.3
«21.0
“21e?

170.0

98
9.7
Seb
8.8
8.1
Tel
50
b
27
9
=1,1
=3,0
~heb
508
~be?
72
~Te8
8.4
=9l
~10.1
=1llel
=12.C
-12.9
-13.7
14,5
15,2
=15,8
1645
-17.1
=177
=-168,2
=18.9
-l°.b
-20.1
'2007
=21e4

.100.,0

Ge8
97
Qe
8.8
[T
Tel
S8
ho b
247

=10
=249
"05
%7
8¢5
«7e1
=Teb
=-Be2
=9.0
-909
=11.0
-11.9
=128
13,6
~l6eb
=15.1
=157
=16e%
-17.0
«17e6
-10.14
=10867
~1943
=20.0
«20e 6
=21e3
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INCICENCE
ANGLE (DEG)

0«0
2.0
4.3
6.0
B840
1C.0
12.6
1440
1540
1.0
2G6.C
22.0
24,0
26.0
2.0
Ce0
32.0
34.0
36.0
38.0
%0.0
42.0
*"a
466
42,0
500
$2.0
544C
$6.C
SEeQ
€33
620
644C
6.0
68.0
7069

0.0

9eb
9.5
9.2
X% 4
840
7.1
649
he?
3.2
1e7
o2
=142
-202
-3.6
-3e5
-3.3
-bot
«5.0
5.8
6.7
~7e9
'3.9
-9.5
«1Ce?
=lied
=123
=13.0
=-13.7
=~14,.3
-1%.0
=1%.%
-1¢.l
=16e7
-17.3
=179
~16.5

100

Seb
9.5
$.2
2.7
840
el
55
LYY
3.1
1e6
+0
-1e3
“2e%
~3.2
-3.7
“-Z
-he7
=53
-6.0
~be 9
-840
-9
=i
=1Ce9
-11.7
=125
~13.2
-13.8
“l4e5
~15.1
-1%.7
=16.3
~1¢e0
-l7e4
=180
-18.8

2040

96
9.5
9.2
8.7
840
7.0
5.9
@5
3.0
1eé
~-e3
~1.8
=3.0
=348
~heb
4.9
=53
=59
=beb
=75
~Beb6
’7.6
-1teH
—11.3
=-12.1
=129
-1306
"1‘.2
=16,49
=155
~ltel
=l6.6
=17.2
=1748
=18s4
«19.0

30.0

9.6
Pe9
9.2
87
Te9
7.0
5.8
Qo
2e8
1le1
-eb
~2¢3
~3.7
~4e7
=%3
~5.8
-6e3
5.8
~Te5
-8e3
=943
~1063
-12.2
-12,.,0
-12.8
=13,5
~14.2
=14.9
-15.5
L2 Y-T
=167
-17.2
=17.8
«18.4
=19.C
«19.6

40.0

96
95
9.2
8.7
7.9
6.9
S5e¢7
4¢3
247
9
=140
~2+8
-hebd
“5e5
~6e3
=5e 8
~73
-709
’a.‘O
~943
«19,3
~11.2
-12.1
~12.9
~13.7
-1‘.*
=15.1
-15.7
=-1¢.3
=159
=179
=-lt.1
-15.6
-19,2
-19,8
«20.%

50.0

9.6
9.5
962
8e7
Te9
LYY
5.7
4e2
245
o7
=13
-3.3
=5.0
=6e3
“Tel
-7e?
-8.2
~8,7
Qb
=10.3
-11.3
=323
-13,.1
-14.,0
=147
-1%.5%
=161
-145.8
=174
-31840
-13,6
-19.1
-19.7
-20.3
=20.9
=215

NKkCS TABLE IN DECIBELS

FRECUERCY » 13,9 GHZ
VERTICAL POLARIZATION
FRICTION VELOCITY »

60.0

9e6
9.5
9.2
Beb
7.9
6¢9
Seb
4e1
244
'Y

L2 9.
=346
=55
=69
«7.9
=8¢0
-9l
-947
-10~6
~11.3
=12.4%
=13.3
=143
-1%.1
=1%.9%
=16¢6
=173
-18.0
=1E46
-~19.2
-19.8
«2043
«2049
=215
=221
=227

0.0 CM/SEC

RELATIVE AZIMUTH ANGLE (DEG)
9040 10040 11Ce0 12060 13040 14040

70.0

6
9.5
9,2
B8eb
7.8
608
XY
4.1
243
3
=18
-4,0
-600
-706
=848
~%.9
~-10.1
~1067
~11.3
=124
-13.9%
=14,5%
“15.4
~1643
-17.‘
-1709
=18+6
-17,2
=-19,1
-2Ge3
=2ie0
=21e6
-22e2
=22.8
=23.4
=24.0

80.0

9.6
95
92
86
Te8
848
5.5
4.0
2.2
2
=2.0
-6,e3
-5,%
-0,3
«“Geb
-1Nn,46
-11.1
«11.7
1244
=1%,4
~14,5%
=155
“1644
~17.3
~19,1
«19,9
019.6
-20.3
‘23.9
-21.%
=22.1
2247
=23.3
«23.9
=245
=25%5,.1

9.6
9.5
9.2
8eb
Te0
6,8
55
4e0
242
2
=2el
=4
-be?
-8,6
“Ge9
-!D.B
-11.5
-1241
=-1249
=13,8
-1~.°
'!5.9
~164L
-1707
-18,%
-19.3
«20.0
-20.7
-21e3
‘21.9
-22¢5
23,1
-2307
=264.3
=25.0
=250

96
9.5
9.2
8e8
7.8
6.8
505
4.0
202
o2
=240
=4e3
“be5
~8,3
=95
-1044%
-11.0
=-11.7
-12.46
-13,3
i, 4
-15.5%
-1506
-17.3
-18,1
‘18.8
=1946
-2002
2049
-2 %
-22,1
-2247
=23.3
=23.9
~26e8
=25.3

9.6
Q5
942
846
7.8
6.8
S¢6
4o
203

3
1.8
. .0
-t.0
=77
oCe8
9%
=10.%
«10.8
=115
=12¢6
«13.5
=14.5
=195
=183
’1701
-17.9
-18.4%
«19.3
01¢.9
-2045
=21.1
2167
-22.,3
=23,0
=236
2403

G0
Fe5
9.2
Beb
769
5.9
5.6
bel
2¢4
5
=leb
“3e7
“5.6
7.1
=81
=B,8
9.3
=99
=1046
=114%
=12+6
-13,.,9
'1‘-5
=15.3
«16.1
«16.8
‘11.5
«-18.2
~-18,8
~19.4
'20.0
«20e6
-2102
=219
2245
=2362

96
95
9.2
B8e7
769
649
567
402
245
1]
*leb
=304
5.2
=beb
=Teb
8,2
-301
9.2
=949
=10.8
=11.8
=12,7
=136
“lbeb
=15.2
=1%49
’1606
172
-17.8
=13.4
«~19,0
*15.6
-20.2
-20.8
=21.5
=222

9.6
9.5
92
847
Te9
6.9
57
4e3
206
Y]
1.2
=342
=49
~6e 2
=71
7?7
-B8e2
~B8e7
=93
=10.1
=1l,.1
~12.0
=12.9%
~13.,7
*l4eé
-1%.1
-15.8
«lbeb
«17.0
-17.6
=-18,2
~16.8
=194
=20.0
«2040
=21¢4

150.0 160.0 170.0 180.0

96
9.5
9.2
Be7
749
7.0
5.8
be b
2.7
9
=1.0
=249
=48
5.7
=beb
7.1
=7eb
=841
-8,7
9%
=165
~11l.4%
=12.3
«13,0
*13,8
14,5
-15.2
-15.7
-1l6s46
=1649
=175
*18,1
-168.7
=19,.,3
«20.0
=207

96
95
9.2
Be?
Te%9
7.0
5.8
[T}
208
1.1
“e8
=29
ohed
-%.2
=640
=be 5
*740
=Te5
-Be1
=940
=100
«10.9
=11e7
-12.9%
=13.2
l4e0
14,0
=153
=159
=164%
«17.1
*17.6
-18,2
=16,9
19,5
=20e2

9eb
9.5
Fe2
Be?
8.0
7.0
$e9
45
249
1.2
~eb
=23
3.7
kel
%5
=600
“be$
=7.0
“Te?
8¢
=9.6
=10.5
=114
=12.2
=13.0
1347
=143
150
=156
16,2
=16.8
=174
16,0
=180
-1%9.2
=200

.6
9.5
9.2
8.7
8.0
70
59
%S
3.0
13
=5
22
=3e¢6
4ot
=%5.3
=58
=6e3
=608
7.5
L] L)
94
«~10.4&
=11.3
-12.1
«12+9
=13.6
14,2
=149
=155
*léed
16,7
=173
~17.9
=18.5
=192
«19.9

L1t
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APPENDIX C

LIST OF SYMBOLS AND ABBREVIATIONS

first regression parameter for zeroth-order harmonic A,
second regression parameter for zeroth-order harmonic Apy
zeroth-order harmonic of the capillary wavenumber spectrum
at the point of minimum phase speed, in cm

ratio of the first-order to the zeroth-order harmonic of the
capillary wavenumber spectrum

Advance Application Flight Experiment

capillary wave straining coefficient

covariance between Ith and Jth generalized parameters
differential solid angle in n space
differential area in surface-slope space
differential in generalized parameter space
regional horizontal polarization unit vector
regional vertical polarization unit vector
incident polarization unit vector

scattered polarization unit vector

NRCS funct.on, in decibels

NRCS function, in logarithm

regional capillarv wavenumber spectrum, in cmA
probabilityv exponent

Bragg scattering intergrand

index denoting wind-~sea state

first index denoting generalized parameter

index denoting NRCS measurement
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JONSWAP

= & =
o [

»

2y 9y 8B4y B

NRCS

pdf

second index denoting generaiized parameter
Joint North Atlantic Sea Wave Project
radiation wavenumber, in em~1

incident propagation unit vector

scattered propagation unit vector

sumnation index for steepest descent calculation

total number of generalized parameters

total number of generalized measurements

regional surface-normal unit vector

regional surface-normal unit vector function

unit normal to mean sea surface subtended by the radar footprint
normalized radar cross section

NRCS model parameter

generalized probability density function

probability densitv function for the regional surface normal ;
probability densityv function for the regional surface slopes
probabilitv density function

power law for capillarv wavenumber spectrum

power reflection coefficient, equals Sg("')

root mean squaired

first regression parameter for total rms slope B

second regression parameter for total rms sloje S

total rms regional slope

Bragg scattering functior

crosswind regional surface slope

rms crosswind regional surface slope

crosswind surface slopes for steepest descent calculation
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S (+0e}

m

geometric-optics scattering function

upwind regional surface slope

rms upwind regional surface slope

upwind surface slopes for steepest descent calculation
standard deviation

Bragg scattering breakdown parameter

unit step function

actual friction velocity, in logarithm of cm/sec
measured friction velocity, in logarithm of cm/sec
friction velocity. =agnitude of ﬁ*, in cm/sec

friction velocitv vector pointing upwind, in cm/sec
generalized parameter

generalized measurement

horizontal polarization Bragg backscatter matrix element
vertical polarization Bragg backscatter matrix element
first splire parameter

standard aeviation in friction velocity measurement, in
logarithm of cm/sec

standard deviation in the NRCS, in logarithm

standard deviation in wind direction measurement, in degrees
relative permittivity of the air-sea interface

num' er of NRCS measurements

incidence angle for Brage scattering breakdown
incidence angle

regional incidence angle

index denoting generalized measurement

» -
capillary wavenumber, magnitude of «, in cm 1



L&)

capillary vector wavenumber, in cm1
1

-» P
IS in cm

Bragg wavenumber, magnitude of b?

Brag: vector wavenumber, in «m~1

capillary wavenumber corresponding to minimum phase speed,
~3.63 cn !

number of NRCS model parameters

number of wind-sea states

number of NRCS measurements for ith wind-sea state

3.14 +--

ratio of the rms crosswind to upwind surface slopes
actual normalized radar cross section, in logarithm
measured normalized radar cross section, in logarithm
total normalized radar cross section, in ratio

Bragg normalized radar cross section, in ratio
geometric~optics normalized radar cross section, in ratic
second spline parameter

relative azimuth angle

actual wind direction, in degrees

measured wind direction, in degrees

polar angle for capillarv wavenumber spectrum
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