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Introduction

The supporting information shows the results of all downscaling experiments for all five buoy
locations used in this study. It contains the following information:

1. Figures S1-S5: The comparison of directional wave spectra (DWSs) between the results from
dynamic downscaling and those from Deep Learning (DL) downscaling with different input
parameters.

2. Figure S6-S10: The comparison of Integral Wave Parameters (IWPs) between the results from
dynamic downscaling and those from DL downscaling with different input parameters, as well as
between those from buoy observations and those from DL downscaling.

3. Figure S11-S15: The comparison of DWSs between the results from buoy reconstruction and from
DL downscaling using buoy data as training targets.
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Figure S1. The comparison of directional wave spectra (DWSs) between the results from dynamic
downscaling and those from Deep Learning (DL) downscaling with different input parameters at the
location of buoy CDIP028. The 1% row is the DWSs at the open boundary point (120.5°W, 33.0°N)
before downscaling. The 2" row shows the corresponding dynamic-downscaled DWSs from
IOWAGA at the buoy location. The 3"-7" rows show the results from the DL downscaling model
using IOWAGA DWSs as the training target, but with different input parameters. The input
parameters for the 3™ row include open boundary DWSs at seven locations and at three time points,
and the wind vector at the buoy location (the results shown in Figure 2 in the main text). Those for
the 4" row include open boundary DWSs at seven locations but only at one time point, without the
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wind vector input. Those for the 5" row include the open boundary DWS at only one location and
at only one time point, but with the wind vector input. Those for the 6™ row include the open
boundary DWSs at only one location but at three time points, without the wind vector input. Those
for the 7™ row include only the open boundary DWS at only one location and at only one time point,
without the wind vector input. The four columns to the left of the dashed line in each row are the
corresponding DWSs at four arbitrarily selected time points. The seven DWSs to the right of the
dashed line in each row are the corresponding annual mean DWSs in 2020.
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Figure S2. The same as Figure S1, but for buoy CDIP045.
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Figure S3. The same as Figure S1, but for buoy CDIP067.
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Figure S4. The same as Figure S1, but for buoy CDIP093.
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Figure S5. The same as Figure S1, but for buoy CDIP107.

12:00:00T Oct-01 2020

180°

Average for 2020

180°

3

=
Spectral Density (m?s)

> &

5
Spectral Density (m?s)

a5 &

Spectral Density (m?s)

&S

o @

Spectral Density (m?s)

2 &

=
Spectral Density (m?s)

a &

=
Spectral Density (m?s)

5 &

S
Spectral Density (m?s)



. B s 400 » -
DL Downscallng K RMSE = 0.03 m?s I RMSE = 0.06 m RMSE = 3.34 ° L RMSE = 0.44 5
£ 175{ Bias = -0.00061 m?s Bias = -0.011 m _350{ Bias =-0.41° g 17:5{ Bias = -0.038 s
7 DWSs 5 R =0.98 4f R=098 | R=098 & R=098
s 3150 10° I 13 T 300 2150 10
Wind 3 N ] g 5 .
s s z 3 230 T s 2
3TPs g e z? s 5 z
g | ws |z S %00 ; H
g, B 2 52 H 3 =
g A & I 3 g0 3o 08
. 8 g =
B s0 3 ¥ - 10! ] S 100 4 B 50
g |, & W
B s - 501~ 25
i (a1) | (a2) F (a3) (a4)
0.0 100 10°
00 25 50 75 100 125 150 115 200 T 2 3 3 S0 100 10 200 250 %0 30 400 00 25 50 75 100 135 130 175 200
True wave spectra value (m?s) I True SWH value (m) True MWD value (deg) True MWP value (s)
. n s a0 0 -
DL Downscaling I RMSE = 0.05 m?s L RMSE = 0.08'm RMSE = 4.46 ° . RMSE = 0.76
E175{ Bias=-0.0025m?s S I Bias = -0.038 m _350{ Bias=0.75° A 175{ Bias = 0.38s
7 DWSs b R=0.95 =3 4] R=097 3 | R=097 E & | R=095
. ERt s 100 £ T 300 2150 102
No Wind ] [ 5 g R I 3 1 3 N _
R z 3 220 S s 3 2
17P g | . H Z° s . H
g ] ©8 ] 3 S0 £ 10 : 3
¢l - ] 3° 20 3 w8
g 8 £ 2 ks SO 8
H wo |3 Sl g S g
£E : & B e &
E=1 . " s . N 2,
2 . (b1) I (b2) | (b3) * (b4)
0.0 100 v 0. 10°
00 25 50 75 100 15 130 115 200 T z 3 i S0 100 10 200 250 %0 30 400 00 25 50 75 100 135 130 175 200
True wave spectra value (m?s) I True SWH value (m) True MWD value (deg) True MWP value (s)
. 200 s 400 2 -
DL Downscaling K RMSE = 0.05 m?s o) P RMSE = 0.08 m RMSE = 4.23° L RMSE = 0.58 s
E 175{ Bias =-0.00031ms -, A Bias = -0.0046 m _ 0] Bias = 0217 A 175{ Bias = 0.081 s
1DWS T R=095 S 24 R=097 % | R=097 & | R=096
5 S 150 = - 100 £ S 300 L 150 . 10
Wind 3 : N g g 2 i -
s s 3 z I 3 2250 T s g 2
1TpP H 7 ’ : 2 25 g 2 a8 ]
"
& 100 wg o E Qo S0 = g
H s | 3 s 8
g s ¥ B0 g 08
- 100 2 2 £ 3
g 5. . I g | @ 100 : o N E 5.0
S & .
¥ :
I (c2) 13 (c3) = (c4)
o o : : i
00 25 50 75 100 125 150 175 200 T 2 3 3 0 50 100 130 200 0 %0 30 400 00 75 50 75 100 125 130 175 200
True wave spectra value (m?s) True SWH value (m) True MWD value (deg) True MWP value (s)
N | x .
DL Downscaling & RMSE = 0.05 m?s / RMSE = 0.10 m RMSE = 5.20 ° | RMSE = 0.77 s
E 175{ Bias = 0.0018 m’s S Bias = 0.032 m _s50{ Bias=1.73° pa 175{ Bias = 0.22s
1DWS = o4 B I 4] R=055 % | R=09% & | R=083
. 3150 100 £ T 300 2150 10
No Wind ] g 3 E] -
© 125 z s 2 20 S s 2
3TPs £ g ] & E : z
&0 w3 : Q0 £ 2 g
H 8 s % ]
$ s g I 32 g B il 0E
2 4 = 5. 4
B 50 10 B 2 100 . B so
£k I & g e £
- & _|. el
i (d2)| = = (d3)] = (d4)
00 8 100 o 100
00 25 50 75 100 15 150 115 200 I T 3 3 i S0 100 130 200 250 300 30 40 00 25 50 75 100 135 130 175 200
True wave spectra value (m?s) True SWH value (m) True MWD value (deg) True MWP value (s)
. » s 400 » -
DL Downscallng I3 RMSE = 0.06 m?s . | I RMSE = 0.10 m RMSE = 5.06 ° A RMSE = 0.75 5
E 175{ Bias = 0.00026 ms - Bias = 0.011 m _350{ Bias=0.3° 175{ Bias = 0.042's
1DWS = R=093. 4 R=004 e | R=095 - R=093
= S1s0 ] 0 I & S 300 2150 0
No Wind g N g g H i -
o z 3 2 250 S s : 2z
1TpP g 2 Z° s H Iy 2
& w5 | H Qam S0 3
H ] 3° i 3 w8
H I k1 8 S
K 100 3 2 100 4 B 5o
£ g, H A g
g & | : ;
g = . 04,7, . 2
B (e1) | (e2)] (e3) (e4)
00 100 : o 166
00 25 50 75 100 125 130 175 200 T 2 3 3 0 50 100 130 200 0 %0 30 400 00 25 50 75 100 125 130 175 200
True wave spectra value (m?s) I True SWH value (m) True MWD value (deg) True MWP value (s)
0 s 400 = 2 -
VS Buoy I RMSE = 0.08 m?s RMSE = 0.14 m RMSE = 10.22 ° A RMSE = 0.82 s
E 175{ Bias = -0.00017 m?s Bias = 0.0021 m _ 350 Bias = 0.63° 5% 15 Bias=-013s
5 R = 0.8 =4 R=092 3 | R=092 & | R=089
Saso 10 E B 300 2150 4 108
E I s 3 3
s g E
g s 2z T, 220 T 15 2
g 2 z g H 2
& 100 w8 | & S s g
5 ] ] H s a £
§ 754~ g E’ L3 B 150 g 108
S s o | 3 i S 3 50 -
g & 2 &
g &
3
3 | (f2)| "= M)y = )
0.0 - 10° o = 10°
00 25 50 75 160 15 130 175 200 7 3 3 7 3 5 10 1Bo 200 0 30 30 a0 80 75 50 75 100 15 130 175 200
True wave spectra value (m?s) True SWH value (m) True MWD value (deg) True MWP value (s)

Figure S6. Scatter plots between Deep Learning (DL) downscaling results and their corresponding
reference data with different input parameters and training targets at the location of buoy CDIP028.
The 1°-5™ rows show the comparison between the DL-downscaled results using IOWAGA
directional wave spectra (DWSs) as training targets and the dynamic-downscaled results, but with
different input parameters. The input parameters for the 1°' row include open boundary DWSs at
seven locations and at three time points, and the wind vector at the buoy location (the results shown
in Figures 3a-3d in the main text). Those for the 2" row include open boundary DWSs at seven
locations but only at one time point, without the wind vector input. Those for the 3™ row include
the open boundary DWS at only one location and at only one time point, but with the wind vector
input. Those for the 4™ row include the open boundary DWSs at only one location but at three time
points, without the wind vector input. Those for the 5" row include only the open boundary DWS
at only one location and at only one time point, without the wind vector input. The 6" row is the
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comparison between DL-downscaled results (using buoy DWS as training targets) and buoy data
(the results shown in Figures 3e-3h in the main text). The four columns are the comparison for (the
1%t column) spectral densities, (the 2" column) SWH, (the 3" column) MWD, and (the 4™ column)
MWP, respectively.
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Figure S7. The same as Figure S6, but for buoy CDIP045.



DL Downscaling
7 DWSs

Wind

3TPs

RMSE = 0.12 s
1754 Bias =-0.027 s
R=1.00

RMSE = 0.10 m?s
1751 Bias
R

10°

Data density

Predicted SWH value (m)

Predicted MWD value (deg)
Predicted MWP value (s)

Predicted wave spectra value (m?s)

(a2) 1 4 (a3) 22 (a4)

25 50 75 100 15 150 175 200
True wave spectra value (m?s)

2 3 4 5 6 71 50 100 150 200 250 300 350 & 00 25 50 75 100 125 150 175 200
True SWH value (m) True MWD value (deg) True MWP value (s)

DL Downscaling RMSE = 0.05 m RMSE = 2.03° 3

Bias = -0.024 Bias = 0,55 °
7 DWSs ’ RT " T RZ 0
No Wind 1 10* 6 300 15.0

50

1TP

Data density

00

50

00

Predicted SWH value (m)
Predicted MWD value (deg)
Predicted MWP value (s)

o
N

(b3) * (b4)

Predicted wave spectra value (m?s)

100

So 75 100 125 130 175 200 7 S0 100 130 200 250 %0 30 40 00 75 50 75 100 135 150 175 20
True wave spectra value (m?s) True MWD value (deg) True MWP value (s)
. s
DL Downscaling 7" [ wse = 0.12ms A RMSE = 0.20 5
1DWS £ Bias = -0.0031 m2 "’ 7 _ 0 15 Bias=-0.11s
= = 6 = R =100
@ . g
" E 10 £, Y 210
Wind H 3 v s
e 2z 85 220 T s
1TpP 4 ] > g
g . z 2 <
g wd L, 4 S0 S0
o 8 g £ 5
H ] o3 B 150 2 75
o o -1 9 i
= o £ L]
&l e 5 100 B 50
bl = & =
£} 1 50 3 25
g (c2) ¥, (c3) (c4)
100
25 50 75 100 135 130 175 2 7 3 4 5 6 7 S0 100 10 20 750 %0 B0 4 00 25 50 75 100 125 130 175 20
True wave spectra value (m?s) True SWH value (m) True MWD value (deg) True MWP value (s)

DL Downscaling
1DWS

No Wind

3TPs

Data density

Predicted SWH value (m)
Predicted MWD value (deg)
Predicted MWP value (s)

Predicted wave spectra value (m?s)

100

25 50 75 100 135 8o U5 mo T 5 1 % & 3 % 10 1o 20 2o 3w o « % 75 o 75 100 35 ®o 15 10
True wave spectra value (m?s) True SWH value (m) True MWD value (deg) True MWP value (s)
. x s
DL Downscaling RMSE
% Bias 7 350 175

1DWS
No Wind
1TP

Data density

00

Predicted MWP value (s)

Predicted wave spectra value (m?s)
Predicted SWH value (m)
Predicted MWD value (deg)

o
N

(e3)| ~ (ed)

|
|
|
|
|

100

25 50 75 100 125 150 175 200
True wave spectra value (m?s)

2 3 a4 5 6 7 50 100 150 200 250 300 350 4 00 25 50 75 100 125 150 175 200
True SWH value (m) True MWD value (deg) True MWP value ()

VS Buoy RMSE = 0.21 m RMSE = 9.81° RMSE = 0.63 5
7| Bias = 0.0014 m 350{ Bias = -0.44° s
R=0.96 R=093

Data density

Predicted MWD value (deg)

Predicted SWH value (m)
Predicted MWP value (s)

=y
N

(f3) » (f4)

(d2) 4 (d3) & (da) i

Predicted wave spectra value (m?s)

00
00 25 50 75 100 125 150 175 200 1 2 3 4 s & 7 o s 100 00 250 300 350 400 00 25 50 0 125 150 175 200
True wave spectra value (m?s) True SWH value (m) True MWD value (deg) True MWP value (s)

Figure S8. The same as Figure S6, but for buoy CDIP067.
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Figure S9. The same as Figure S6, but for buoy CDIP093.
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Figure S10. The same as Figure S6, but for buoy CDIP107.
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Figure S11. The comparison of directional wave spectra (DWSs) between the results from buoy
reconstruction and from Deep Learning (DL) downscaling using buoy data as training targets. The
1% row is the corresponding buoy reconstructed DWSs, and the 2™ row is the results from the DL
downscaling model using buoy DWSs as the training target. The four columns to the left of the
dashed line in each row are the corresponding DWSs at four arbitrarily selected time points. The
two DWSs to the right of the dashed line in each row are the corresponding annual mean DWSs in
2020.
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Figure S12. The same as Figure S11, but for buoy CDIP045.
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Figure S13. The same as Figure S11, but for buoy CDIP067.
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Figure S14. The same as Figure S11, but for buoy CDIP093. Because CDIP093 does not have the
data for year 2020, the data of 2015 is used instead (the data is not used in the training process)
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Figure S15. The same as Figure S11, but for buoy CDIP107. Because CDIP107 does

not

have the data for year 2020, the data of 2015 is used instead (the data is not used in the

training process).

13



