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Alfanzina (ALFA) HFR (https://www.hidrografico.pt/radar.map )
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4 Introduction

<

Western Iberian Peninsula

- Strongly influenced by low-presure systems from the North Atlantic Ocean;
- Storms and severe sea states (winter);

- In situ observations allow continuous monitoring of coastal areas:

* Disproportionally distributed;
* Most of them in the northern hemisphere and
* Near to developed countries.

- Satellite Altimeter (AS) is a good alternative: North
* Global coverage; Atlantic
* Day and night operating capability;
* Less accurate near the coastline (land contamination).

Ocean

- High Frequency Radars (HFR) could be an option for
monitoring coastal areas and the sea-state.
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(Zhang et al., 2012)
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3 = > MOTIVATION

- HFR wave observations are a cost-effective complement to in situ sensors, by increasing spatial
coverage with lower maintenance costs.

.é - In situ observations can benefit from the improved temporal sampling and higher resolution
4y LY provided by HFRs.
.,
i - Different remote sensing techniques, such as High Frequency Radar (HFR) or satellite altimetry,
! ‘ can act as complementary systems for wave height observations, filling out the information gaps of in situ
» sensors.
%
A — MAIN GOALS
e R
> '; e Evaluate the skills for measuring wave height of the SeaSonde CODAR HFR systems in the western
- & | o Iberian Peninsula through comparisons between HFR, buoys and Satellite altimeter measurements.
- - * The ability of the HFR system to detect wave height extreme events is also evaluated.
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> In situ observations

;’, ¢ hy - 12 wave buoys
vj“m,, !
S SILLEIRO
" > High Frequency Radars e
‘ ,V - 9 CODAR SeaSonde HFR
. S0 %
i ‘;'-(? 8 > Satellite Altimetry
'. A - Sentinel-3 (A&B) SRAL
S

i ‘ » Time window
- January 2017 — December 2019 (36 months)
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k ;; . > In situ observations

) Distance from Availability
A | Buov v
s ‘ ' shore (km) wave data (%)
o Peiias (SP) 19 87.68 e
b & . Baves (SP) 375 01.38 . 2
Ly Villano-Sisargas (SP) 30.5 05.74 LEIXOES ¢
e Silleiro (SP) 44.16 99.93 eome®
f elxoes (coasta . .
/ Leixd 1) (PT 19.2 69.79
k3. L0 Leixoes (oceanic) (PT) 72.95 69.41
PR Nazaré (coastal) (PT) 7.42 55.91
¥ 33 Nazaré (oceanic) (PT) 14.15 79.47
IR Sines (PT) 5 83.14
- 8 % Faro (coastal) (PT) 6.63 06.42
X /P - Faro (oceanic) (PT) 64.7 57.41
; ._ﬁ? . Cadiz (SP) 53.7 99.96
‘: “". “« ”
B - “ground thruth
g g - 7 PT (Instituto Hidrografico);
o) - 5 SP (Puertos del Estado);
5 - hourly observations.
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Datasets

k " > High Frequency Radars
3 : 3 HFR Frequency RC resolution Maximum distance
‘oAl site (MHz) (km) SWH data (km)
S PRIO 486 5.1 255
o W VILA 486 5.1 255
PR SILL 486 5.1 255 TET
& ‘ y FIST 4 86 Data not available i - —
& ) SJUL 12.43 1.85 18.5 g  Leca da'Palmeira
‘@ ESPL 12.92 2.15 34.4 LEIXOES o° Y (SEP2020)
i SAGR 13.5 1.85 296 e
SN ALFA 135 1.85 296 _—
4 L VRSA 12.47 1.51 22.65
» 135 1.67 20.04
¥ ¥ "" _- - CODAR SeaSonde HFR systems;
L ¥ L T - Operating frequency:
‘;4"": * 4.86 MHz (wave height— 20 m);
B N ¢ 12-13.5 MHz (wave height — 1 to 8 m);
\ - . . 7 [
< _ - 5 HFR PT (Instituto Hidrografico) + 1 HFR;
1 - 5 SP (Puertos del Estado);
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k "; . > High Frequency Radars

; . “ s HFR Frequency RC resolution Maximum distance
‘v . site (MHz) () SWH data (km) 90w 8e40'W 8°20'W 8°0'W 7°40W 7o20°W 750 W 6°40°W
S PRIO 4.86 5.1 255 >
oy W VILA 486 51 255
S SILL 486 5.1 255 37020
COSRAY FIST 4.86 Data not available
STUL 12.43 1.85 18.5
Y ESPL 12.92 2.15 34.4
i SAGR 135 1.85 296 oo
X ALFA 13.5 1.85 296
2 L VRSA 12.47 1.51 22.65
» MAZA 13.5 1.67 20.04
e 36°40'N
: ;‘ i - RC (range cells);
! -‘? - - Ocean spectrum homogeneity through
xj""{ S 1 each HFR RC (CODAR SeaSonde system); ® e —
3 g .\ 0 - Different availability among HFR RC.

HFR in Algarve region (SAGR, ALFA, VRSA and MAZA).
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Wave data availability (%)
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» HFR wave data availability vs. distance to coast

(b)
100 —
4.86 MHz HFR RCs (JAN2017-DEC2019) o r_7_7 ______
T T T T T DA
(a) = @ = PRIO (Total) a0
=i PRIO {no nulls} | -
= @ = VLA (Total)
=i VLA {no nuls} 80 —
= = = SILL (Total) T
——SILL {no nulls) =
E (I
A 2
- = === === == == === . =
- e e e e e e e = = s 3 el
I === == === . =
]
=
® 5
©
k]
F-u o T
b < o © 40
° &
1 2
o - _ N
/ - ©
20
L L L L L 10
51 10.2 15.3 20.4 25.5
Distance to the coast (km) 0 |
0 5

—_— e e e e e e — = == == — =

12-13.5 MHz HFR {JAN2017 - DEC2019)
I I

T

— = — ALFA (Total) | —
— + —ESPL (Total)
— * = MAZA (Total)
— = — SAGR (Total)
T\ — + — SJUL (Total)
VRSA (Total)

I\ —8— ALFA (n/nulls) | |
b —8—ESPL (ninulls)
\\ = MAZA (n/nulis) | _|

e SAGR (minullE)
=6 SJUL (ninulls)
VRSA (ninulls)

——r e a— — e — — = WY —  — —

- low availability too close/far from the coast,
- wave data availability < 25/30 km shoreline;

10 15 20 2% 30 kKl
Distance to the coast (km)

- Galician HFR availability — 20% - 40% (maintenance periods);

- ALFA & SAGR > 83 %;
- VRSA & MAZA < 20 % (sheltered area + low sea-states).
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Datasets

A

> H F R Wave d ata ava i I a bi I ity vs. B u oy PRIO HFRRC5 (total) -+ Baves buoy —&— PRIO HFR (no nulls) VILA HFR-RCS5 (total) ==+ Vila-Sisa buoy —&— VILA HFR (no nulls)

k ; %mn [feueeea e 0ue S L B\ %mu r L]
. i\ . 5l Lo .7 5l W f
. y - In the presence of low-sea states (wave height<2 m), & * : 2 ® e
P | the strength of the 2" order spectra can be very weak, 3 “| < *f /\\g
"% % ./ and spurious contributions to the spectrum would have £ “| £
s . e . 5 20t PRIO S 200
. L asignificant impact. . = R VILA
' D, !' E olL—9. L L | L L L L L L L 2 0 L L o L L I L L L I
{! 4 -. 0 3 6 9 12 15 18 21 24 27 30 33 36 o 3 6 9 12 15 18 21 24 27 30 33 36
} . . TIME (months) TIME (months)
& - As a first step to the HFR wave parameters evaluation, momne e
‘V . . | total) ----®---- eiro 10 no nuils)
' radar nulls and other spurious values detected during = Sl HERRG (tah e Sllero oy O SLLHER (ol _ SAGR RC1S lotal) 0 Fao oceanic by &~ SAGR RC15 (o nuls)
7} . ‘3; 100 .- . - e 9
Y 14 data screening are excluded. g | g
: " {8 g 80 _n:
A S U . INOP: g 60 SILL ;
N —_ 5 | g
. - PRIO (FEB-NOV2017 / JUN-AUG2018); 2w z
3 1] L Q
{' 5 } - VILA (JAN-JUN & SEP-NOV2017/ MAR&JUL2019); 3 2 2
y 3" ‘ g L L L L L L L L L L L L = L L ; L L L L L L
A‘ ] ; ‘ - SILL (NOV2017 / AUG-DEC2019)' < DD 3 6 9 12 15 18 2 24 27 30 33 36 < 00 3 6 9 12 15 18 2l 24 27 30 33 36
. ) TIME (months) Time (months)
! “Qa,% _ ALFA RC15 (total) =**®--Faro coastal buoy ——&—— ALFARC15 (no nulls) —_ VRSA RC15 (total) *''**®*** Faro coastal buoy &= VRSA RC15 (no nulls) = MAZA RC12 (total) =+ Cadiz buoy ——€~— MAZA RC12 (no nulls)
1:" ‘ £ 100 § 100 [ oo sia: . L e S S S 00t - .
o r 8 ® K =
u‘ p ;‘ ﬁ w0l ':’; 80 E 801
< - o
S 5 " VRSA zw MAZA
Lo = o ‘D
“ 3 2 2 & 20f
5 i ALFA : AL Serinnad, g
N g L. il s ‘ z, L e 7,
"' I < 0 L L L L L ] 3 6 9 12 15 18 21 24 27 30 33 36 0 3 6 9 12 15 18 il 24 27 30 33 36
N ] 3 6 9 12 15 18 2 24 27 30 33 36 Time (months} Time (months]

Time (months)
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Data sets

" > HFR wave data availability (SJUL & ESPL)

“ hidrografico
ma/.wno‘cmwgcv

A s e e e =B - e = — = Vg R - P
el ""'l ‘“-__H.,,;r- ‘,\ ,"'1{*_. — ?ﬂ‘ '-o-—‘,- “‘."""--.-; -1

D

100 — o —— g = . — -
" | A i
' : ! / ; oy’ N/
|i ! ] { i v L] \ 7
' 1 4 W) I
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H : i /
1 1 ' f
! i HE |
_ i L
= ! i
g i ¥ i
= i o i
= ! A !
= I I —-®-— ESPL (RC15-tatal)
E 1 I i
] I' o
= ; —-#-— SJUL (RC10-total)
i : =
s e A \) W —&—ESPL (no nulls)
m 1]
= 1 n
@ 1 0 —&—SJUL (no nulls)
(1] ! (i)
= i
.| ) U e
I Al
!
.I )
A \
i o) (1)
| | 1 | | | 1 | |
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}- > Satellite Altimetry

' - Sentinel-3 SRAL;
.\ . J - Copernicus Online Data Access (CODA)
(https://coda.eumetsat.int/ );

-1 Hz (7 km) & 20 Hz (= 340 m);

- 20 Hz sampling SWH measurements (S3A & S3B);

0 5 10 15 20
=

f ANOS DE
‘ hidrografico gg:‘;ii:‘:m'o Evaluation of HF Radars skills for wave height observation at the west coast of the Iberian Peninsula
marinha-+porugal


https://scihub.copernicus.eu/

asS Jornadas de
6 Engenharia
Hidrografica M t d I
as Jornadas e O O Ogy
1 Luso-Espanholas
de Hidrografia

Ay s
k '# N > HFR analysis g9°0wW 8°40'W 8°20'W 8°0'W 7°40'W 7920'W 7°0'W 6°40'W
-Jl i~ \ |
& | Data comparisons:
: i1 37°20°'N
0 wiig 1. HFR vs. Buoy
(R A
- Selection of the
NS 37°0'N
3 .03km T——
" outermost RC, closest END G
¥ 0 U to the buoy position.
. P ‘ E
52.67 km e 3I6240'N

102.63 km

‘ -ﬂ'i -
‘;_. ’i : 2
. 5 -k 74.88 km
\ gx I e CADIZ
SN T @ FARO oc
36°20°'N

f ANOS DE
CONHECIMENTO Evaluation of HF Radars skills for wave height observation at the west coast of the Iberian Peninsula

hidrografico
marinha-«portugal DO ocEANo




Qs Jornadas de
Engenharia
Hidrografica

asS Jornadas
Luso-Espanholas
de Hidrografia

Metodology

- 9°40'W  9°20'W 9°0'W 8°40'W  B°20'W 8°0'W 7°40'W

» HFR analysis

1:1.250.000

44°0'N

Data comparisons:

54.15 km
79.65 km

1. HFR vs. Buoy

i 43°40'N
VILANO-SISARGAS

43°20'N

- Selection of the outermost RC, closest to the buoy position;

- In line-of-sight with the HFR antenna transmission azimuth;

43°0'N

- Enough data to be compared.

42°40'N

HFR (RCO) Buoy Distance RC-buoy (km)
: PRIO (5) Baves 54.15 42900
VILA (5) Villano-Sisargas 11.7
SILL (5) Silleiro 18.66
ALFA (15) Faro coastal 24.39 42°0N

0 10 20 30 40km
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‘ . - ¥ (si —5)(b ~ b)
Buoy N R Bias (m) JRMSE (m) 51 slope R =
> HFR analyS|s Pefias (SP) 1% Joos 0.10 042 020 095 N
Baves (SP) 6 oo 003 021 008 099 I, (si—5)2 XX, (b — b)
Data compa risons: Villano-Gisargas (SP) 26 |099 0.05 025 009 109
Silleiro (SP) 51 Joos 007 024 009 105 N
Leixes (coast) (PT) 34 098 0.04 027 012 101 (1 e
- No overlap between HFR RC and buoys e n losl om | oo | on s Bias (N;(b; sa)
Nazaré (coast) (PT) 23 [098 019 0.33 010 102
- S3 tracks overlap all the HFR RC Nazaré (oc.) (PT) 21 0.99 -0.03 017 006 094
[ sineseT) 2 oo 045 065 025 094
2 H FR VS S A (53) Faro (coast ) (PT) 51 095 -0.05 019 020 092 RMSE =
) ) Faro (oc) (PT) 31 Joss 003 017 010  1.08
) ) Cadiz (SP) 65 Joso 016 028 020 101
- Buoy observations to validate S3 SWH; : = -0
- S3 data as reference for HFR/S;ZUQnaIysis; - ( )
Statistics:

1 : 450,000 X .
R — correlation coefficient;

RMSE — root-mean-squared error;
S| — scatter index

- HFR performance vs.

@ SILLEIRO

distance to the coast
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» HFR vs. buoy

* 36 months time window;

* R>0.84 (ALFA — R=0.66)

* RMSE-0.89-1.18 m

* Negative Bias = HFR overestimation
e ALFA HFR

* Sheltered area;

* SWH < 2 m (low sea-states).
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SILL HFR (RC 5) SWH (m)

PRIO HFR (RC 5) SWH (m)

14r

o

®

>

-
»H

-t
N

-
o

(=]

January 2017 - December 2019

(a) 5
'
-
5.
' /o
’
. el 2
> g
T LI
bt s S
T S
v R A
ey s
.'.‘I 3 =
% 1 -
5 IR ST
g wi
LR N = 4881
LEEY R=0.84
v 5 h, = bias = - 0.60 m
- J RMSE =1.18 m
’ SI=0.28
~+ S
w 4 slope = 1.02
4 6 8 10 12 14

Baves buoy SWH (m)

January 2017 - December 2019

4 6 8 10 12
Silleiro buoy SWH (m)
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VILA HFR (RC 5) SWH (m)

ALFA HFR(RC 15) SWH (m)

January 2017 - December 2019

(b)
—D.:
brd L N = 6955
X R R=0.87
gk bias = -0.13 m
.’.5 - RMSE =0.89 m
= » S1=0.25
g slope = 1.07

0 2 4 6 8 10 12 14

Vilano-Sisargas buoy SWH (m)

January 2017 - December 2019

9r ¢
() ) ’
’
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’
4
7t o i
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2 il
3, 7.
8 Sl
Na” 2l .
W S
5 R i
Ty ,..:‘_..?
e Sin
4t ?..;-é’ .
T T
. 1 X
3r 5T
ok N =21979
2 R =0.66
bias =-0.53 m
g RMSE =098 m
1 ’ S SI=0.84
b X ke slope = 1.26
0
0 2 4 6 8

FARO coastal buoy SWH (m)
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. Extreme wave event analysis
e > y
$. 3
> | M 14 SWH Time series - Baves buoy versus PRIO HFR - MARCH 2018 SWH Time series - Villano-Sisargas buoy versus VILA HFR - MARCH 2018
. ' Baves buoy T T T ‘ f 12 e = T T T T T
) 12| —— PRIOHFR (RC 5) F I 1 —_— VllLaAn:F:?;ggé) 4 Fe I ix
10
. " X Sentinel-3 (SRAL) elix X Sentinel-3 (SRAL)
T - 8
R 6
S E
¢ ot f: 4 4
4 z
\§ % sls 1|0 1|5 zla 2L 3|u DAYS Ll : : I I ; '
5 10 15 20 26 30 DAYS
iy N Emma -
i SWH Time series - Silleiro buoy versus SILL HFR - MARCH 2018 — SWH Time series - Faro coastal buoy versus ALFA HFR - MARCH 2018
Silleiro buoy J Fe I ix ! T f 8 I T I T Faro coastal buoy
10| —— SILLHFR (RC5) _ ——— ALF HFR (RC 15)
. \ X sentinel-3 (SRAL) X Sentinel-3 (SRAL)
8
e E i J
P RS (12 e JL s |
¥ 0 4 7] { ‘ Al AL W‘ \ ‘ x ' ‘ .
\ I | Oh X L
‘ M f\ / | ! L “1 I\
2 il il I A "—
(e1) aki A
g 1 1 1 L L I ! I I 1 I 1
. ! 0 5 10 15 20 25 30 DAYS 5 10 15 20 25 a0 DAYS
y N
: .
. L Y - SWH March 2018 - SWH March 2018 - SWH March 2018 o SWH March 2018 SWH March 2018 SWH March 2018 SWH March 2018 SWH March 2018
- 14 f
e £ (a2) 75 (b2) B (c2) 2 (d2) 14 12 Ty 2 oy 8
= =12 > =10 . % =10 L e £ . 12 —10 - 10 -
"; “r EE,W 5 5 \ fs _~.'.,' ;6 N N fm E . Mee% | E 89% Eg
F p .. 3 T ‘ T
\ o weL B o 6 x 6 S A 4 - o x 6 90% w6 0% o 4
w e o w w a T L g ™ e w
= 5 3 & 4 x 4 o < |z T T T T
e g 4 k- N=405 § ) N=6so| O o N=660 | W, N=T711 5 4 § 4 54 Ez
' o 3 R=084| > , . B R=090 @ , Re082 | " | 3 i R=087| 0 > » =
T 2 ; bias =-0.37 m (5 bias = -0.06 m bias =-0.07m P bias =-0.15m 2 2 4 2 "
RMSE =1.18 m 7 RMSE = 0.87 m 47 RMSE =0.75m o RMSE =0.69 m . (a3) 3 (b3) ” (c3) (d3)
0
o e 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 9 2 4 6 8 10 12 0 2 4 6 8 0 2 4 6 & 10 12 14 o 2z 4 & 8 10 12 0 2 4 6 8 10 12 ‘o 2 4 6 8
k Baves Buoy SWH (m) Villano-Sisargas Buoy SWH (m) Silleiro Buoy SWH (m) Faro coastal Buoy SWH (m) Baves Buoy SWH (m) Villano-Sisargas Buoy SWH (m) Silleiro Buoy SWH (m) Faro coastal Buoy SWH (m)

F * P 90% < EXTREME EVENT < P 99% (Atan et al., 2015) = 6m/4m (Galician/Algarve)
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Conclusions

HFR have potential for wave data retrieving in coastal areas, especially in higher sea-states;
HFR ability in detecting wave height extreme events (Emma & Felix storms — March 2018);
HFR SWH measurements overestimation;

Seasonality is present in HFR measurements;

Lower sea-states (< 2 m) can cause spurious contributions in the directional spectra and contaminate wave
measurements;

Low availability of wave data in HFR sites has contributed to its lower performance;

Proximity to the HFR sites, as well as their lower maintenance costs, ensures continuous data return (apart
from wave data availability);

HFR presents better temporal/spatial resolutions, rather than buoys;
HFR covers larger and closest to shoreline areas;

With appropriate improvements, the gap of wave data along coastal areas can eventually be overcome by
HFR wave measurements.
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