Intercomparison of operational wave forecasting systems against
in-situ observations: data from BoM, DMI, DWD, ECCC,
ECMWE, JMA, KMA, LOPS, METEOAM, METFR, METNO,
NCEP, NIWA, NZMS, PRTOS, SHNSM, UKMO.

00 UTC runs only

WMO Lead Centre for Wave Forecast Verification LC-WFV,

European Centre for Medium-Range Weather Forecasts ECMWF

June 14, 2023

PART I: significant wave height (SWH)



Buoys observations - from 20230301 to 20230531 - (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 20230301 to 20230531 - (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 20230301 to 20230531 - (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).

12



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

T+120 | waveapi Iw wave prod 00z T+120 | waveapi lw wave prod 00z
0.40
BoM
038 ECCC
0.36 bwb
—— ECMWF
0344 \ JMA
032 / \ | T
- L‘ LOPS
030 ‘ — METFR
——— NCEP
0.28 NIWA
026 = NZMS
=—— UKMO
0.24
Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2019 2020 2020 2021 2021 2022 2022 2023
Mean error | significant wave height | Europe
T+120 | waveapilw wave prod 00z
BoM
o2 ECCC
DbwD
o1 ECMWF
JMA
KMA
0.0 1 LOPS
METFR
NCEP
-0t NIWA
NZMS
UKMO
—0.2
\J

Jul Jan Jul Jan Jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023

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 20230301 to 20230531 - (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).

14



Scatter index | significant wave height | Mediterranean
T+24 | waveapi lw wave prod 00z

A

Root mean square error | significant wave height | Mediterranean
T+24 | waveapi lw wave prod 00z

04 / BoM 06 A BoM
7 ; ECCC / ECCC
AN 2 A\ A
03 N AL —_ 05 —— ECMWF
W y / \""7 IMA \J\__/ IMA
/ ! S —— KMA i —— KMA
ol ANKAF TN TN N LoPS 04 " N LoPs
= METFR \ 3 = METFR
—— NCEP ﬁa / —— NCEP
o1 NIWA 0.3 7 vy, NIWA
— UKMO i — UKMO
METEOAM / . / METEOAM
Jul Jan Jul Jan Jul Jan Jul jan Jul Jan Jul Jan Jul Jan Jul jan
2019 2020 2020 2021 2021 2022 2022 2023 2019 2020 2020 2021 2021 2022 2022 2023
Mean error | significant wave height | Mediterranean
T+24 | waveapi lw wave prod 00z
02 BoM
ECCC
oL DWD
— ECMWF
00 IMA
—— KMA
o1 LOPS
—— METFR
02 —— NCEP
/ NIWA
03 /\ /x\ J — UKMO
e n P\ METEOAM
ATV
Jul Jan Jul Jan Jul Jan Jul an
2019 2020 2020 2021 2021 2022 2022 2023

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 20230301 to 20230531 - (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 20230301 to 20230531 - (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).
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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).

23



Scatter index | significant wave height | SW Europe
T+72 | waveapi lw wave prod 00z

Root mean square error | significant wave height | SW Europe
T+72 | waveapi lw wave prod 00z

030 BoM BoM
ECCC 0.6 ECCC
0.28 DWD
026 ECMWF
IMA
024 KMA
LOPS
022 METFR
NCEP
0.20 NIWA
018 NZMs
UKMO
0.16 PRTOS
Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2019 2020 2020 2021 2021 2022 2022 2023
Mean error | significant wave height | SW Europe
T+72 | waveapilw wave prod 00z
010 A BoM
ECCC
0.05 DbwD
— ECMWF
0.00 JMA
{ = KMA
o ‘\_/ LOPS
—0.10 1~ ~fo | === METFR
! = NCEP
—01s \ / AV NIWA
020 — NZMS
= UKMO
—0.25 PRTOS

Jul Jan Jul Jan Jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023

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 20230301 to 20230531 - (swh)
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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).
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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).
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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).

29



Buoys observations - from 20230301 to 20230531 - (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. 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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Buoys observations - from 20230301 to 20230531 - (swh)
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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).
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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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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 20230301 to 20230531 - (swh)
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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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Scatter index | significant wave height | North West Pacific
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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 20230301 to 20230531 - (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
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(RMSE). Bottom panel: forecast mean error (bias).

43



Scatter index | significant wave height |
T+72 | waveapi lw wave prod 00z

Indian Ocean Root mean square error | significant wave height | Indian Ocean

T+72 | waveapi lw wave prod 00z

BoM 0.8 BoM
0 ECCC ECCC
DWD 07 % DWD
020 —— ECMWF —— ECMWF
IMA 0.6 IMA
o1 —— KMA —— KMA
LOPS 03T LOPS
. = METFR = METFR
\> L
o101 W r / NCEP 041 K """ b~/ NCEP
4 NIWA \ NIWA
A , N \ 'S
005 y — NZMs —— NZMs
V u — ukmo | — ukmo
0.00 \ :
Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan jul Jan jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2019 2020 2020 2021 2021 2022 2022 2023
Mean error | significant wave height | Indian Ocean
T+72 | waveapi lw wave prod 00z
0.4
BoM
ECCC
0.2 DbwD
—— ECMWF
IMA
0.0+ —— KMA
LOPS
—— METFR
o2 NCEP
NIWA
o4 —— NZMS
— UKMO
Jul Jan Jul Jan Jul Jan Jul jan
2019 2020 2020 2021 2021 2022 2022 2023

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 20230301 to 20230531 - (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-
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cast root mean square error (RMSE). Bottom panel: forecast mean error (bias).
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Buoys observations - from 20230301 to 20230531 - (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).
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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).
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Buoys observations - from 20230301 to 20230531 - (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).

54



Scatter index | significant wave height | Eastern Australia and New Zealand Root mean square error | significant wave height | Eastern Australia and Ne»

T+24 | waveapi lw wave prod 00z T+24 | waveapi lw wave prod 00z
0.26 T T
BoM 055 ! H BoM
024 ECCC H EccC
DWD 0.50 44~ ] DWD
022 ECMWF \ i —— ECMWF
IMA 0.45 A" L W A Y A IMA
0.20
KMA j —— KMA
0.40 T Y WA
o018 LOPS LOPS
METFR = METFR
016 NCEP 035 —— NCEP
NIWA NIWA
o014 Nzms 030 —— NZMs
UKMO —— UKMO
012 0.25 i
Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jul Jan Jul Jan
2019 2020 2020 2021 2021 2022 2022 2023 2019 2020 2020 2021 2021 2022 2022 2023

Mean error | significant wave height | Eastern Australia and New Zealand
T+24 | waveapi lw wave prod 00z

BoM
03 ECCC
| DWD
02 4 L — ECMWF
/ IMA
o1 / N >=\V | — kva
LOPS
7 ) f \g —— METFR
oo AN/ N A —— NCEP
\ : NIWA
01 — NzMs
— UKMO
—0.2

Jul Jan Jul Jan | Jan Jul n
2019 2020 2020 2021 2021 2022 2022 2023

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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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 20230301 to 20230531 - (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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Scatter index | significant wave height | South Southwestern Australia
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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).

59
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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).
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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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