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NORDSEE tower during the MARSEN Experiment by the Naval Research Labor-

atory was made. A dependence on both wind speed and sea state was expected
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Experiment. The range of variation of wind speed and wave slope during

MARSEN were substantial. However, within a narrow range of wind speeds

T
AN
n_“ A

the range of variation of wave slope was insufficient to demonstate a
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radar cross section dependence on it. The results contained herein

display appreciable randomness at each slope value; this tends to mask

a likely dependence of radar cross section on slope. These results
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do not conflict with those obtained in the Gulf of Mexico, some of

which are included for comparison, they are just too limited in range to

add independent support.
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2 INTRODUCTION

3; A During September and October of 1979, the Naval Research Laboratory
'% conducted extensive microwave tackscatter measurements from the German

x Research Platform NORDSEE, as part of the MARSEN Experiment. Overall

,é details of these NRL radars; their ‘characteristics and supporting measure-
'Zé ments can be found in the paper by Plant, Keller and Cross (1983).

+ A previous study of tower radar data acquired in the Gulf of Mexico

gi "~ showed that the radar cross section i§ affected by wave slope as well

ﬁ as wind speed, with both mechanisms being modified by the stability

f or instability of the air-sea temperature difference.(Weissman, 1983)

;i Of special interest in this study of the MARSEN data is corroboration

5? of the Gulf of Mexico results, and the opportunity to study a wider

'i range of wind speeds (up to 14 meters/sec), and wave slopes.

Eﬂ The Gulf of Mexico data that had been analyzed corresponded to a

}g radar pointing or "look'" direction with respect to the wind of 0°, within
; 122.50. The grazing angle was 45° from horizontal. For this MARSEN data,
E? the look direction was the same (within + 30°) and the data from grazing
{? angles of 25° and 35° was selected because it had the widest range of
- parameter variations.

r

\

DISCUSSION OF RESULTS
Theoretical studies and modeling of the electromagnetic backscatter

from the ocean surface (Chan and Fung, 1977; Valenzuela, 1978) have recog-

Ay

o AR

nized the dual importance of the short capillary wave dependence on wind

o

speed and the long gravity wave spectrum dependence as well. The radar

R
R At

e

cross section the¢n depends on the wind sensitive capillary wave spectrum

and the long ﬁave slope, and this has been modeled as a "net'" wind speed
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lg dependence. However, the large volume of analyzed data, for a range
:Q of radar and illumination parameters, displays considerable ''scatter"
%} or spread when plotted against wind speed (or friction velocity); this
35 opens the possibility of additional influences on the backscatter
3 .cross section, besides the wind speed alone. A fact that complicates
Y the modeling effort is that the wave slope (of the large waves) often
| shows a steady increase with wind, making it difficult to separate
l these two mechanisms. The data points that have been analyzed and categ-
ij " orized are based on 21 minute averages. For the grazing angles of 25
§§ and 35 degrees, approximately 150 data points have been studied and
;3 differentiated into wind speed and slope regimegs. The data is plotted
éﬁ in Figures 1 to 6, where it is grouped into wind speed "bands', usually
Eﬁ 1 meter/sec wide. The backscattered power (arbitrary units) is plotted
,:i versus RMS slope in all these figures. Within these groups, the maximum
33 slope to the minimum slope is often approximately 1.5. However the
:Zi variation in backscatter level is often significant, and a net increase
b or decrease with respect to slope is difficult to prove, although
{i Figures 1,3 and 4 do give indications of an increase with wave slope.
 ? It is concluded that these MARSEN results tend to support the con-
X clusion obtained from the Gulf of Mexico data: that the radar cross section
ﬁ: will increase appreciably with large wave slope. However the properties
Zé? of this data are not adequate to provide an independent proof. A re-
jf analyzed data set from the Gulf of Mexico is shown in Fig. 7. This
#Q data corresponds to stable air-sea temperature conditions, the friction
E; velocity lies between 0.22 and 0,24, close to a 7.5 m/s wind speed.
;? This graph shows the clear dependence on slope that has been discussed
;$ in the previous report.
X
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1(a): MARSEN; Radar Cross Section (arbitrary units) vs. RMS

Slope, 8.0 €U <£8.8 m/s

1(b): MARSEN: Radar Cross Section (arbitrary units) vs. RMS

Slope, 9.0< U =9.7 m/s

2 : MARSEN: Radar Cross Section
10.3 2 U < 10.9° m/s

3 : MARSEN: Radar Cross Section
11.0= U =11.9 m/s

4 : MAREEN: Radar Cross Section
12.0= U £12.9 nm/s

5 : MARSEN: Radar Cross Section
13.0=< U £13.8 m/s

6 : MARSEN: Radar Cross Section
14,0=U <X14.9 m/s

7 : Gulf of Mexico: Radar Cross
0.22 < u, £0.23 m/s

(arbitrary units) vs.
(arbitrary units) vs.
(arbitrary units) vs.
(arbitrary units) vs.
(arbitrary units) vs.

Section vs. RMS Slope

RMS Slope

RMS Slope

RMS Slope

RMS Slope

RMS Slope




MARSEN Radar Cross Section

03

o _ R P
: : i ;
0 : — T e .
o, | o e B i : [ ! : M 2
o] = fooer B R R o Bt St
— | “ o - : P w m P
w i ; : : i W...._ h " : ! :
: ' ! ; RS | ~ . S
A R e e e e R
w t- ..!W H\ e 1 _ : G G o w ; (] ' _ : =
. H : H : . . . ! e . : b o
" ’ . S T mrww:; -‘q‘.w,:|a, v T " ) . [ - R
e L -7 J -t : ] hid .
> P T B A 2 s _ i
S i SR S Bt Bt ERRE S LT - = Th
A B S | . - : L L A T
' \ ; | [ f ] T ; =i
! i R i . ,_,Af;hz-w-; - SRS IO I Ei
A o e q w w o
S T H B R | 4 T ER
v o e B - R - e ST
SR TSR S T B N IR - R .
' _ : # o F P B i i
_ . oot v. ooy b T 4 Lo _ - .
L L m |
JURE NS S S R , SO SO U B
i . i i -
IR

)
. 4
TR -

-ol

i : B > o

; ‘ wz. Of L Q . é
NOILD3S SSO0¥D dvawd

0151 9%

S oz v e ws
GRS e L L) - (e i

3w W

1 ' ’ #

9 > o

0%

NOILDIS SSO¥D UVavY

o o Qo >

‘0l

-0l

A 7R

YW o .




07

e e l!V!@Lll!O Ve e ! : - R -
™M ! | : _ P “ ?
S i H : . * . : B : \ .
. £ ~: . i | L m ” i
° e : . ; ~
L] ‘ . ! - i 1 N H
-~ j o - ~ oo T aan et & -
[ ] i : : ; |
I U — s : : “
w o . b _ ! : i ; w
[N - i 1w ...... oo e . S SN SO - SV S
n O _ w P ; T _
[ I 1 : - — ? ——
owm , ! | + ey D S
e g R I i S
(% W ; ; ! ' . M
hewy M b . M B S - 4 - »w o
T . : ! ! ; ; Cy ;
W W e e : . - —
il L * : BN TN N Sk AT A N
R “ T
s Lo | [
2R BN U ; ! ,
< N R R T
) T M co o - * - B
4 e e i#! —— 4 H .
i i . .
P | TTT ! 1
. . i i i
- I A T T R N S [ : TR
| | _ v : ; m s
_ ' | } : i
- ’ o+ S e —t o ww +I —l .

YR

v
o
1

<

o 4

NOILJdS SS0¥) ¥vawd

o161 9%

PR a’...-w,-. -%f.. WV

+ r + v
< > A
Q L) [~]
SR AR ~ L w

.....
. .

|
;
q

;:f-; b

PO I

-

L o

‘v'!'h

”



..

.0

T

R

PESE XrEr N

Radar Cross section
vs. RMS Slope

: RMS SLOPE

.03

-: MARSEN

.

R 2T .
H3LTe i

22 83553 W 5573
437 AHL QL 6l o«

2=




. T M | |
1 S GRS SURUUE PRI S !
[ S S ‘ - S A
] s . . . I . 4
2 RS . S _ , : : - “
r “ - |”l|vj AI o . ylul T - \H T ) - M | . B — oo T ’ ’ ’ oo ) "

S
ad

A

!
T

e ey S e Pheier S S be—Thds i

|
n «..
o
or={ .
IS

o :
v .
. no P
4 2 "
+ So -
72 an] .

owm

3 -

o

=
: [ 5Y-4 ‘
. = 5
3 = .
& o ®n 7y
ﬁ.. [~ +,
g -
!u N ‘-L
. % X
: <
.{ < &
-. T .h
. 4
3 _..‘.
»d
.1.\
' ....L
| n
SRS PN I e TS TR B i w 3
| : : m _ : !
w ~_ “ T e et e "]
! , : : ; | i ; .
_ - i : w —— p—t ’ . , ' +
S T T S DV T B SR S SRS
b Tl sy Y s s .
NOILD3dS SS0Y¥D ¥vawvy .
4 0151 9% a o balmred TS T :
~ K

e
NN



T VT

w

Y

T T ow

..

RNt e gt o

e eas e gt o

, T
Co e

kit SSY SESE S

i

|

|

ceo . b
; !
'

Se

RMS Slope

MARSEN Radar Cross Section
vs.

:L

e,

1

0

v

T

MILINTINGS

43257 9 T4y 3.
Jral OL o %




.. MARSEN Radar Cross Sect

i10n

.ty p———

RMS Slope

VS.

v

L

i
|
i
'
i

. »

PRCAIRS

N

pe

NOILDIS SSO¥D ¥VAvd

233 F TTer0dM TP K
IHLOL LY Gl oS e




-
rirth :
B3 N ]
TN B T
3 =t o
s e L .
LWt H A 51 s y
] : SR IS 0l 24 reas . . -
o Y 4 , : : .
3 i i i .
L o + t Pos . 4
33 Feeed Easds ot it :
o @ b s { B
=< B i i
> L S~ 5
FEE: SRTRERIRES tave: o <
m .n\vu o A st e Qo = =1 T - 9
Jeies BP22s SREES 208 -3 K . o rerdlill .
= 2, jHTEE g : :
3828 s3888 fheed save: [ s - JSats Sl :
L 0o ifast it Bes 53 h Bl =4 it )
3 hoapt rude ssny s re —t .
o rﬂw anpE R ey : 48 T .
132 T T e
o G i
- TV S HE
2 23 aEp
S R age
O x R s
[eiassssns Sidas
[33sEeeapd I3aes
HedEha
|op3s syeye eus
iy LRt
s
Gl
it
ro i

NOILD9S SSOY¥D dvavd

| [N a DT MISSI R Y4507 -
01ST oY . u3L3eiNIYIMLOL W 2 :

.o ..... . .
PR - fh}h-.»-.?.






