Intercomparison of operational wave forecasting systems against
in-situ observations: data from BoM, DMI, DWD, ECCC,
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PART I: significant wave height (SWH)



Buoys observations - from 20240301 to 20240531 - (swh)
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Northern Hemisphere. Top panel: observation distribution. Middle left panel: Forecast
scatter index (standard deviation of the difference normalised by the mean of the observations).
Middle right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean
error (bias).
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Northern Hemisphere. Scores time-series at day 1. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Northern Hemisphere. Scores time-series at day 3. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Northern Hemisphere. Scores time-series at day 5. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).



Buoys observations - from 20240301 to 20240531 - (swh)
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Tropics. Top panel: observation distribution. Middle left panel: Forecast scatter index (stan-
dard deviation of the difference normalised by the mean of the observations). Middle right panel:
Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Tropics. Scores time-series at day 1. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Tropics. Scores time-series at day 3. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Tropics. Scores time-series at day 5. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).



Buoys observations - from 20240301 to 20240531 - (swh)
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Europe. Top panel: observation distribution. Middle left panel: Forecast scatter index (stan-
dard deviation of the difference normalised by the mean of the observations). Middle right panel:
Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Europe. Scores time-series at day 1. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Europe. Scores time-series at day 3. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Europe. Scores time-series at day 5. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)
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Mediterranean Sea. Top panel: observation distribution. Middle left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Middle
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Mediterranean Sea. Scores time-series at day 1. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Mediterranean Sea. Scores time-series at day 3. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Mediterranean Sea. Scores time-series at day 5. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)
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North Sea. Top panel: observation distribution. Middle left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Middle right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North Sea. Scores time-series at day 1. Top left panel: Forecast scatter index (standard de-
viation of the difference normalised by the mean of the observations). Top right panel: Forecast
root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North Sea. Scores time-series at day 3. Top left panel: Forecast scatter index (standard de-
viation of the difference normalised by the mean of the observations). Top right panel: Forecast
root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North Sea. Scores time-series at day 5. Top left panel: Forecast scatter index (standard de-
viation of the difference normalised by the mean of the observations). Top right panel: Forecast
root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)
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South West Europe. Top panel: observation distribution. Middle left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Middle
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).

22



Scatter index | significant wave height | SW Europe Root mean square error | significant wave height | SW Europe

T+24 | waveapi lw wave prod 00z T+24 | waveapi lw wave prod 00z
i 0.55 i
0.26 A . | BoM
0.50 ECCC
024 DWD
0.45 - e\ e A —— ECMWF
ozl X L IMA
0.40 — KMA
0.20 035 LOPS
j —— METFR
0.18 1NN 0.30 — NCEp
! NIWA
0.16 - 025 = NZMs
=—— UKMO
014 020 \4 PRTOS
Jul Jan Jul Jan I Jan Jul Jan Jul n Jul Jan Jul Jan Jul n Jul Jan Jul n
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024 2019 2020 2020 2021 2021 2022 2022 2023 2023 2024

Mean error | significant wave height | SW Europe
T+24 | waveapilw wave prod 00z

0.10 BoM
; ECCC
005 DWD
— ECMWF
0.00
\ IMA
oos 1N | — Kkma
LOPS
010 —— METFR
—— NCEP
Zoas ot A\ NIWA
: —— NZMS
—0.20 : — UKMO
i w PRTOS
025 ;

Jul Jan Jan ol Jan ul o jan ol Jan
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024

South West Europe. Scores time-series at day 1. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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South West Europe. Scores time-series at day 3. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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South West Europe. Scores time-series at day 5. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)

20°W

Scatter index | significant wave height | North East Atlantic Root mean square error | significant wave height | North East Atlantic
20240301 00z to 20240531 00z | waveapi lw wave prod 00z mean_fair 20240301 00z to 20240531 00z | waveapi lw wave prod 00z mean_fair
0275 - -
i BoM 045 4 | BoM
0250 4 ECCC ] ECCC
DWD / DWD
0225 Ak | —— EemwE O 77— ECMWF
| JMA ! IMA
0200 —— KMA 03s —— KMA
LOPS LOPS
0175 = METFR 0.30 m— METFR
NCEP NCEP
0150 = NIWA 025 NIWA
= NZMS = NZMS
R —— UKMO — UKMO
' 020
0.100 N
0 1 2 0 1
Forecast Day Forecast Day

Mean error | significant wave height | North East Atlantic
20240301 00z to 20240531 00z | waveapi lw wave prod 00z mean_fair

| | BoM
02 ) ~ ECCC
‘/ DWD

— —— ECMWF
IMA
— KMA

Forecast Day

North East Atlantic. Top panel: observation distribution. Middle left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Middle
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North East Atlantic. Scores time-series at day 1. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).

27



Scatter index | significant wave height | North East Atlantic Root mean square error | significant wave height | North East Atlantic

T+72 | waveapi lw wave prod 00z T+72 | waveapi lw wave prod 00z
026 BoM i ‘ ‘ BoM
Eccc o8 A | ! Eccc
024 DWD A | DWD
—— ECMWF 07 A - A\ —— ECMWF
022 ---F-S- e | g
IMA , / | IMA
020 1M VW Ve ARV A A S A —— KMA 0.6 L I L] = KMA
) [ ; ! ! LOPS i LOPS
oro - A AL NS TN AN L RN T METER s P | — e
\ JN\ ) NIWA NIWA
0.16 i s 0.4 N
N < ‘ T — nzws —— NZMs
A\ i —— UKMO — UKMO
0.14 7 y g 0.3 4
Jul Jan Jul Jan L Jan Jul Jan Jul n Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024 2019 2020 2020 2021 2021 2022 2022 2023 2023 2024

Mean error | significant wave height | North East Atlantic
T+72 | waveapi lw wave prod 00z

BoM
ECCC
DWD
— ECMWF
JMA
— KMA
LOPS
= METFR
= NCEP
NIWA
—— NZMS

:‘/ ] — ko

Jul Jan Jul Jan Jan ol Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024

\

North East Atlantic. Scores time-series at day 3. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).

28



Scatter index | significant wave height | North East Atlantic
T+120 | waveapi lw wave prod 00z

T+120 | waveapi lw wave prod 00z

Root mean square error | significant wave height | North East Atlantic

0.350 BoM 11 A BoM
ECCC i ECCC
0.325 -t g DWD BICJE S . S S— 3 - DWD
— ECMWF /\ M ECMWF
0300 b RN AR L IMA R e — A ¥ A
\& — KMA s \ 77777777777 KMA
0275 AW e NS LOPS g ” | LOPS
L1 J \ — METFR o, 1 n METFR
0.250 NN IANNTY BN AN 0.7
! ~——— NCEP NCEP
\ NIWA oA\ NIWA
0.225 [ B . S —
\ = NZms 4 : ! NZMs
0200 1t N I N N — Ukmo o5y . ‘ UKNO
0.4
jul Jan Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024 2019 2020 2020 2021 2021 2022 2022 2023 2023 2024

Mean error | significant wave height | North East Atlantic
T+120 | waveapilw wave prod 00z

R
AVAR 8L\

\
g \Y

A4

Jan Jul |
2020 2020

Jul Jan Jan ol Jan Jul
2019 2021 2021 2022 2022 2023 2023

Jan
2024

BoM
ECCC
DWD
— ECMWF
JMA
— KMA
LOPS
= METFR
= NCEP
NIWA
—— NZMS
= UKMO

North East Atlantic. Scores time-series at day 5. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)
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North West Atlantic. Top panel: observation distribution. Middle left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Middle
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North West Atlantic. Scores time-series at day 1. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North West Atlantic.
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Scores time-series at day 3. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North West Atlantic.

Scores time-series at day 5. Top left panel: Forecast scatter index

(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North East Pacific. Top panel: observation distribution. Middle left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Middle
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).

34



Scatter index | significant wave height | North East Pacific Root mean square error | significant wave height | North East Pacific
T+24 | waveapi lw wave prod 00z T+24 | waveapi lw wave prod 00z

Jul ja‘n Jul Jan Jul Jan Ju‘\ Jan Jul n Jul Jul n Jul Jan Jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024 2019 2020 2020 2021 2021 2022 2022 2023 2023 2024
Mean error | significant wave height | North East Pacific
T+24 | waveapi lw wave prod 00z
0.3 ‘ ! J BoM
| | | ECCC
02 DWD
— ECMWF
01 JMA
= KMA
LOPS
004 —— METFR
= NCEP
0.1 NIWA
= NZMS
0.2 = UKMO

Jul Jan Jul Jan Jan ol Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024

North East Pacific. Scores time-series at day 1. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North East Pacific. Scores time-series at day 3. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North East Pacific.

Scores time-series at day 5. Top left panel: Forecast scatter index

(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North West Pacific. Top panel: observation distribution. Middle left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Middle
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North West Pacific. Scores time-series at day 1. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North West Pacific. Scores time-series at day 3. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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North West Pacific. Scores time-series at day 5. Top left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Top right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)
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Indian Ocean. Top panel: observation distribution. Middle left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Middle right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Indian Ocean. Scores time-series at day 1. Top left panel: Forecast scatter index (standard
deviation of the difference normalised by the mean of the observations). Top right panel: Fore-
cast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Indian Ocean. Scores time-series at day 3. Top left panel: Forecast scatter index (standard
deviation of the difference normalised by the mean of the observations). Top right panel: Fore-
cast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Indian Ocean. Scores time-series at day 5. Top left panel: Forecast scatter index (standard
deviation of the difference normalised by the mean of the observations). Top right panel: Fore-
cast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)
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Gulf of Mexico. Top panel: observation distribution. Middle left panel: Forecast scatter index
(standard deviation of the difference normalised by the mean of the observations). Middle right
panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Gulf of Mexico. Scores time-series at day 1. Top left panel: Forecast scatter index (standard
deviation of the difference normalised by the mean of the observations). Top right panel: Fore-
cast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Gulf of Mexico. Scores time-series at day 3. Top left panel: Forecast scatter index (standard
deviation of the difference normalised by the mean of the observations). Top right panel: Fore-

cast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Gulf of Mexico. Scores time-series at day 5. Top left panel: Forecast scatter index (standard
deviation of the difference normalised by the mean of the observations). Top right panel: Fore-
cast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)
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Hawaii. Top panel: observation distribution. Middle left panel: Forecast scatter index (stan-
dard deviation of the difference normalised by the mean of the observations). Middle right panel:
Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).

50
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Hawaii. Scores time-series at day 1. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Hawaii. Scores time-series at day 3. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Hawaii. Scores time-series at day 5. Top left panel: Forecast scatter index (standard deviation
of the difference normalised by the mean of the observations). Top right panel: Forecast root
mean square error (RMSE). Bottom panel: forecast mean error (bias).

53



Buoys observations - from 20240301 to 20240531 - (swh)
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East Australia - New Zealand. Top panel: observation distribution. Middle left panel:
Forecast scatter index (standard deviation of the difference normalised by the mean of the
observations). Middle right panel: Forecast root mean square error (RMSE). Bottom panel:
forecast mean error (bias).
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Scatter index | significant wave height | Eastern Australia and New Zealand
T+24 | waveapi lw wave prod 00z

Root mean square error | significant wave height | Eastern Australia and Ne»
T+24 | waveapi lw wave prod 00z

0.26
BoM 055 BoM
024 ECCC ECCC
i | DWD B R R A N DWD
0.22 == N Y Y i & — ECMWF —— ECMWF
b 0.45
IMA IMA
0.20 \
—— KMA 040 | —— KMA
0.18 ) " LOPS LOPS
: Y | = METFR 035 14N/ NR i o M A == METFR
0161 WA LEN LN \ W —— NCEP —— NCEP
) NIWA 0.30 NIWA
\ AN ) iy
014 o\ A . = V| —— NZMS —— NZMs
V d 0| =— ukmo 02 Y — UKMO
012
W “5
Jul Jan Jul Jan Jul Jan Jul Jan Jul n Jul Jan Jul Jan Jul n jul n
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024 2019 2020 2020 2021 2021 2022 2024

Mean error | significant wave height | Eastern Australia and New Zealand

T+24 | waveapi lw wave prod 00z

BoM

ECCC

03 DWD
—— ECMWF

029 IMA

—— KMA

0.1 LOPS
—— METFR

0.0 | = NCEP

:94 NIWA

—0.1 - = NZMS
V4 — UKMO

—0.2

Jul Jan Jul Jan Jan ol Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2023 2024

East Australia - New Zealand. Scores time-series at day 1. Top left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Top
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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East Australia - New Zealand. Scores time-series at day 3. Top left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Top
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Scatter index | significant wave height | Eastern Australia and New Zealand
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East Australia - New Zealand. Scores time-series at day 5. Top left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Top
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20240301 to 20240531 - (swh)
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South South West Australia. Top panel: observation distribution. Middle left panel: Fore-
cast scatter index (standard deviation of the difference normalised by the mean of the observa-
tions). Middle right panel: Forecast root mean square error (RMSE). Bottom panel: forecast
mean error (bias).
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South South West Australia. Scores time-series at day 1. Top left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Top
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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South South West Australia. Scores time-series at day 3. Top left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Top
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).

60



Scatter index | significant wave height | South Southwestern Australia
T+120 | waveapi lw wave prod 00z

Root mean square error | significant wave height | South Southwestern Austr
T+120 | waveapi lw wave prod 00z

0.200 BoM 0 i BoM
ECCC 09 | ECCC
0.175 DWD . /\ DWD
— ECMWF g8 -t e ECMWF
0.150 g\
JMA \ , IMA
0125 5 — KMA T RNTTHORLT T KMA
1 - LOPS 0610 \ LoPS
0.100 1= i — m = METFR ) METFR
\ ~—— NCEP 0,54 NCEP
0075 a NIWA h / NIWA
0.050 - \ A NZMS 0.4 WA N NS NZMS
h ‘ =—— UKMO 03 UKMO
0025 £ e - [ W
jul Jan Jan jul Jan Jul Jan Jul Jul n Jul Jan Jul Jan Jul Jan
2019 2020 2020 2021 2022 2023 2023 2024 2019 2020 20: 2021 2021 2022 2022 2023 2023 2024

Mean error | significant wave height | South Southwestern Australia

T+120 | waveapilw wave prod 00z

aal it BoM

: ECCC

03] DWD
— ECMWF

ool AN IMA

= KMA

0.1 F Y LOPS
\ —— METFR

0.0 - Vo ¥ At At = NCEP

\\1 - f NIWA

-0.1 A 7 = NZMS
\’y\ //V /\/4 —— UKMO

-0.2 ' 4

Jul Jan Jul Jan Jan ol
2019 2020 2020 2021 2021 2022 2022

Jan Jul
2023 20

23

Jan
2024

South South West Australia. Scores time-series at day 5. Top left panel: Forecast scatter
index (standard deviation of the difference normalised by the mean of the observations). Top
right panel: Forecast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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