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Science Marine X-band
Radar Basics
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Off-the-shelf GPS:

* 10 m accuracy

* 5 min frequency

* 3 months duration

LASER Experiment

Aerodynamic floater:
* Reduces windage

Flexible tether:
* Reduces wave
rectification

Interlocking drogue
panels:
* Compact

* Easyto assemble \l
:

* Anchor drifter in

8  the current ‘ l :
% Corn-based PHA | /
. . |
e Biodegradable in ! 1
marine < /
environment ':\,f
¢ Industrial o,

manufacturing

g N X Zaan 1|\ - Novelli et al.
. LASER drifter
Sources: carthe.org/blog, greenwaveinstruments.com  (2017) U.S. Provisional Patent No. 62/369,593
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Science Marine X-band Radar Specs

9.4 GHz (X-band)

and transceiver

23 m HH pOlarlzed : Science MR antenna

antenna

12.5 m antenna height
2 s antenna period

2 kHz pulse frequency
10.5 m range
resolution

Coherent on receive
Developed at HZG
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Marine Radar “Calibration’

Maximize contrast of land targets by
iteratively correcting:

e Azimuthal misalignment (-2.92°)
e Range offset (-15 m)
e Temporal offset (0 s)

Following McCann & Bell, 2018.

Slight heading offsets lead to significant
errors in current estimates’ across-track
component (Lund et al., 2015).

Before:

B. Lund, H. C. Graber, K. Hessner, and N. J. Williams. On shipboard marine X-band radar
near-surface current “calibration”. J. Atmos. Oceanic Technol., 32(10):1928-1944, 2015.
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Near-surface Current Retrieval Basics
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Near-surface Current Retrieval Basics
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Near-surface WS, 01/29/2016, 09:45-10:19 UTC
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Near-surface
Current
Retrieval

WS, 01/29/2016 09: 45 10:19 UTC
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WS, 01/29/2016, 09:45-10: 19 UTC

28.257518, -88.293448 X [km]



Radar—Drifter
Comparison

Analysis periods (with gaps):

(1)  01/20, 16:00 UTC-
01/21, 19:00 UTC
(2) 01/25, 17:00 UTC-
01/26, 22:00 UTC
(3) 01/28, 17:00 UTC-
02/01, 13:00 UTC
(4) 02/06, 06:00 UTC-
02/07, 21:00 UTC
(5) 02/10, 22:00 UTC-
02/12, 19:00 UTC

* MR % Drifter
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Current direction [°] Gurrent speed [cm 5]
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B. Lund, B. K. Haus, J. Horstmann, H. C. Graber, R. Carrasco, N. J.
M. Laxague, G. Novelli, C. M. Guigand, and T. M. Ozgékmen.
Near-surface current mapping by shipboard marine X-band radar: A

Rad a r_D rlfte r CO m pa rl SO n validation. J. Atmos. Oceanic Technol., 2018.
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Wind speed [m s7]

Wind direction (going to) [°]
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Wind speed [m s7]

Wind direction (going to) [°]

*MR(al) MR % ADCP

Radar-ADCP

r—
r
. |
Comparison @
o
| S )
-
20F 3
155 o — ]
. ,
10 . -~ v - -'*"-.,--.,,.'. . 3 r—
5o B )
: 7]
~ 1 E
100 ) E (&)
N . E .
05’ .ﬂ_‘\w st o it — >
-100F ;
o~
144.0 144.5 145.0 145.5 146.0 -30

Time [year days]

144.0 144.5 145.0 145.5 146.0
Time [year days]



40 20

-60

1 ') 1 1 1 1 _ 1 1 1 _ 1
o o o o
o ]

[,_s wo] peads puim-ssoioe 40y

T T [ r 1 [ |7

PR T S N SN TN N AT TN SN SR I T TR B

60

40

20

-20

-40

-60

1 1 _ 1 1 1 _ 1
o o o o o o o
9__ k]

Radar-ADCP Comparison

[,_s wo] paeds puim-6uoje 40av

20 40 60

0
MR across-wind speed [cm s7']

o
o
4_|]
1)
£
9,
g,
0]
o
o
1]
e
cc
Z
o
C
o
©
c
=



Shipboard Science Marine X-band Radar

Challenges

e Proprietary radar raw data formats

e High radar raw data volumes of 0.5-2 TB/day

e High accuracy auxiliary heading and position
measurements required

e Radar data must be calibrated for heading
offsets

e Complexity and computational cost of
scientific radar analysis

e Display, quality control, access, and
interpretation of results

e Raw data archiving and sharing

Benefits

Science products: Sea surface roughness
images, surface wave spectra, sea ice drift
maps, near-surface current maps,
shallow-water bathymetry, ...

Improved ship and science operations
Complement shipboard ADCPs by
focusing on upper ocean and providing
spatial perspective

Near-surface current maps provide unique
opportunity to study submesoscale upper
ocean dynamics and air—sea interaction
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http://www.youtube.com/watch?v=XbNwuA5T1Mo

MR Depth
Retrieval
Basics

Linear dispersion
relationship:

Radial frequency [rad s™']
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Latitude [°]
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35.00
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-120.76

MR-derived bathymetry:

855 337 319 301 285 269 254 241 223 203 183 163 143
333 315 297 281 265 250 238 218 198 178 158 138

329 311 293 277 261 247 233 213 193 173 153 133
343 325 307 289 273 258 244 228 208 188 168 148 127
338 320 302 286 270 255 242 224 204 184 164 144 121

b 298 282 266 251 239 219 199 179 159 139 114
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Wavelength = 90% of Deép Water Wavélength

estimate is based. 100r 1/~ o

MR Depth 300
Retrieval
Basics 250
B
MR sensitivity to = 200
bathymetric changes %
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Effective depth

h
Ue(kp) = 2ko / U(2)exp(-2kpz)dz &
0

U_represents a
weighted-mean of the upper
ocean currents (Stewart & Joy
1974).

Linear current profile:
Effective depth is 7.8 % of
ocean wave length.

Logarithmic profile: 4.4 %.

0
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WS, 01/31/2016, 14:44-15:16 UTC — 0.5ms™
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WS, 01/21/2016, 18:52-19:225 UTC  —0.5m s

WS, 01/21/2016, 18:17-1850 UTC —— 0.5ms”
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WS, 01/29/2016, 09:45-10:19 UTC
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WS 01/30/2016 18:04:00.80- 18 05:38. 43 UTC
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https://docs.google.com/file/d/1YYMI_W_V1sYVDEKx7a4U8mxndwPrZUdq/preview

Thomson et al. (2018).
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https://docs.google.com/file/d/1m7wAfxQw_yzzx7UdCk5jTqRk9NMlqieJ/preview

WS, 04/20/2017, 16:23:10-16:25:06 UTC

TTTY T rryryrrey

-3 -2 -1 0 1 2 3
x [km] 28.954, -88.975



https://docs.google.com/file/d/1AzjqucMBXdLqI8gK02GLvDuhNwc-dPKS/preview
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https://docs.google.com/file/d/1usAzkdszaPqN4xlu2xjRtZwr7c7WY_qU/preview
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https://docs.google.com/file/d/1xwWDBW4KdYQg0durRSjkTW88z7VlJL9L/preview
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https://docs.google.com/file/d/1BoX9hSgK3yeWgbLUMmFTj2ytKBqLR34k/preview

