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#RERiE: ERAS hourly data on single levels from 1979 to 2023
(The fifth generation ECMWF reanalysis for the global climate and
weather

Anaconda Prompt X 4 v

\FEf > Thinkplus-B (F) > CAE-final > ERAS5_wind_202406 7E ERA5_wind_202406 iz Q

a

s 2024-06-13 20:00:13,405 INFO Sending request to https://cds.climate.copernicus.eu/api/v2/resources/reanalysis-era5-singl
e-levels
B 2024-06-13 20:00:13,749 INFO Downloading https://download-0020.copernicus-climate.eu/cache-compute-0020/cache/datad/adap
tor.mars. internal-1718249005 . 7078023-2U462-9-ff6ec8fb-0c52-Uel6-96b7-556Ua0f22elc.nc to F:/CAE-final/ERA5_wind_202406/wi
nd_03.nc (288.2K)
2024-06-13 20:00:35,340 INFO Download rate 13.3K/s
Result(content_length=295076, content_type=application/x-netcdf, location=https://download-0020.copernicus-climate.eu/cach
e-compute-0020/cache/datal/adaptor.mars. internal-1718249005 . 7078023-24U62-9-ff6ec8fb-0c52-Uel6-96b7-5564a0f22elc. nc)
2024-06-13 20:00:35,759 INFO Welcome to the CDS
2024-06-13 20:00:35,759 INFO Sending request to https://cds.climate.copernicus.eu/api/v2/resources/reanalysis-era5-singl
e-levels
2024-06-13 20:00:36,084 INFO Downloading https://download-0002-clone.copernicus-climate.eu/cache-compute-0002/cache/data
8/adaptor.mars . internal-1718249032.6958508-21169-4-8699365d-9aad-46ca-9a99-3adu296537ca.nc to F:/CAE-final/ERA5_wind_202
406/wind_e4.nc (288.2K)
2024-06-13 20:00:45,683 INFO Download rate 3@K/s
Result(content_length=295076, content_type=application/x-netcdf,location=https://download-0002-clone.copernicus-climate.e
u/cache-compute-08002/cache/data8/adaptor.mars . internal-1718249032.6958508-21169-14-8699365d-9aad-U6ca-9a99-3adU296537ca.n
<)
2024-06-13 20:00:46,100 INFO Welcome to the CDS
2024-06-13 20:00:46,100 INFO Sending request to https://cds.climate.copernicus.eu/api/v2/resources/reanalysis-era5-singl
e-levels
2024-06-13 20:00:46,u481 INFO Downloading https://download-0001-clone.copernicus-climate.eu/cache-compute-0001/cache/data
5/adaptor.mars. internal-17182149038.633828U-32697-16-88863d19-e50a-140c8-al75-1f4291d0699b.nc to F:/CAE-final/ERA5_wind_20
2406/wind_05.nc (288.2K)
2024-06-13 20:00:55,272 INFO Download rate 32.8K/s
Result(content_length=295080, content_type=application/x-netcdf,location=https://download-0001-clone.copernicus-climate.e
¢ u/cache-compute-0001/cache/data5/adaptor.mars.internal-171821496038.6338284-32697-16-88863d19-e50a-40c8-au75-1f14291d0699b.
nc)
2024-06-13 20:00:55,725 INFO Welcome to the CDS
2024-06-13 20:00:55,726 INFO Sending request to https://cds.climate.copernicus.eu/api/v2/resources/reanalysis-era5-singl
e-levels
2024-06-13 20:00:56,059 INFO Downloading https://download-8083-clone.copernicus—climate.eu/cache-compute-0003/cache/data
8/adaptor.mars. internal-17182490uU4 . 0581653-9788-7-e126172a-1c08-Ud20-90fc-0b132dc2740a. nc to F:/CAE-final/ERAS_wind_2024
06/wind_06.nc (288.2K)
2024-06-13 20:00:58,155 INFO Download rate 137.5K/s
Result(content_length=295072, content_type=application/x-netcdf,location=https://download-0003-clone.copernicus-climate.e
u/cache-compute-0003/cache/data8/adaptor.mars . internal-1718249044 . 0581653-9788-7-e126172a-1c08-14d20-90fc-0b132dc2740a. nc

N Hirr ~ =HE @ s

wind_01.nc wind_02.nc wind_03.nc wind_04.nc wind_05.nc

h h

ItEBRX > Thinkplus-B (F) > CAE-final > ERA5 wave 202406 1E ERAS_wave_202406 FiEZR Q

N His O &5 @ pemiEs

wind 06.nc wind 07.nc A ‘ ‘ A A

wave 01.nc wave 02.nc wave 03.nc wave 04.nc wave 05.nc

N N

)
2024-06-13 20:00:58,568 INFO Welcome to the CDS
2024-06-13 20:00:58,568 INFO Sending request to https://cds.climate.copernicus.eu/api/v2/resources/reanalysis-era5-singl
e-levels
2024-06-13 20:00:58,939 INFO Downloading https://download-08016.copernicus-climate.eu/cache-compute-0016/cache/data7/adap
tor.mars . internal-1718249064.3107717-966-9-32c3c07b-e05a-4835-acbe-aa5ccaded51a.nc to F:/CAE-final/ERA5_wind_202406/wind
_07.nc (288.2K)
2024-06-13 20:01:03,292 INFO Download rate 66.2K/s

i Result(content_length=295072, content_type=application/x-netcdf,location=https://download-0016.copernicus-climate.eu/cach

wave 06.nc wave 07.nc

ERASZEURSXEFH, (BH5-7KIEE,
RUBEHEA IR REIERRNTE, ARSSHEUESR!
RiZMEEEY90.25°, HRIZMEZBER0.5°, RinEHERB¥IIE.
AFIgER, SHTHEHEIERBEE3944644 (1979-2023F5/0Y) .

Hersbach, H., Bell, B., Berrisford, P., Biavati, G., Horanyi, A., Mufioz Sabater, J., Nicolas, J., Peubey, C., Radu, R., Rozum, I., Schepers, D., Simmons, A., Soci, C., Dee, D., Thépaut, J-N.
(2023): ERA5 hourly data on single levels from 1940 to present. Copernicus Climate Change Service (C3S) Climate Data Store (CDS), DOI: 10.24381/cds.adbb2d47
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£ T Transformer 3244, J‘&?‘TUEI—M%EE
““f:L_iI Multi-Head Attention =, %
BEENHLHEIX A FEITINNAE ﬁ%&
FY Dropout (0.1) PABGLEE#IE. &G,
FRREEERMEERD

Tk 2 Feed Forward Zp4r, L H)3—
AR, AEBET—1MEEEE, FH
ReLU {EREIEERE, BXNMHA Dropout,
REBBEHE— M EETHRERHEE.

kR #: F1RE (MSE)
L1tss: Adam
b iErR: F8EITIRE (MAE)

fﬁi U100

¥iEE: [14464, 25, 611 (KZ600K)
WAL #MithPi = 168:24
WZREE WX & I8 UESE = 0.80:0.15:0.05

batch_size = 32; epochs = 5
\_ J

~N

layer_normalization (LayerNorm
alization)

multi_head_attention (MultiHea
dAttention)

dropout (Dropout)

tf.__operators__.add (TFOpLamb

da)

layer_normalization_1 (LayerNo
rmalization)

dense (Dense)
dropout_1 (Dropout)
dense_1 (Dense)

tf.__operators__.add_1 (TFOpLa

mbda)

layer_normalization_2 (LayerNo
rmalization)

multi_head_attention_1 (MultiH
eadAttention)

dropout_2 (Dropout)

tf.__operators__.add_2 (TFOpLa

mbda)

layer_normalization_3 (LayerNo
rmalization)

dense_2 (Dense)
dropout_3 (Dropout)
dense_3 (Dense)

tf.__operators__
mbda)

.add_3 (TFOpLa
layer_normalization_4 (LayerNo
rmalization)

multi_head_attention 2 (MultiH
eadAttention)

dropout_4 (Dropout)

tf.__operators__.add_4 (TFOpLa

mbda)

layer_normalization_5 (LayerNo
rmalization)

[(None, 24, 1525)] @

(None, 24, 1525)

(None, 24, 1525) 6250997

(None, 24, 1525)

(None, 24, 1525)
(None, 24, 1525)

(None, 24, 256) 390656
(None, 24, 256) (2]
(None, 24, 1525) 391925
(Non dense_4 (Dense)

dropout_5 (Dropout)

(Non
dense_5 (Dense)

(Non tf.__operators__

mbda)

(None
rmalization)

(Non

multi_head_attention_3 (MultiH (None, 24, 1525)

eadAttention)
(Non
dropout_6 (Dropout)

tf.__operators__

(None
mbda)

(None

[1

[*input_1[e][e]"]

['layer_normalization[@][@]",
*layer_normalization[@][@]']

['multi_head_attention[@][0]"]

[ "dropout[@][@]’,
‘input_1[e][e]"]

['tf.__operators__.add[@][@]"]

['layer_normalization_1[@][@]']
['dense[@©][0]"]
[ 'dropout_1[@][@]"]
(None, 24, 256) 390656
(None, 24, 256) (2]

(None, 24, 1525) 391925

.add_5 (TFOpLa (None, 24, 1525) (2]

layer_normalization_6 (LayerNo (None, 24, 1525)

6250997

(None, 24, 1525)

.add_6 (TFOpLa (None, 24, 1525)

layer_normalization_7 (LayerNo (None, 24, 1525)

(None rmalization)

(Non dense_6 (Dense)

dropout_7 (Dropout)

(Non
dense_7 (Dense)

(Non tf.__operators,
mbda)

(None
rmalization)

(Non

(None, 24, 256) 390656
(None, 24, 256) (]

(None, 24, 1525) 391925

.add_7 (TFOpLa (None, 24, 1525) (]

layer_normalization_8 (LayerNo (None, 24, 1525)

global_average_poolingld (Glob (None, 1525)

alAveragePoolinglD)

(Non
dense_8 (Dense)

dropout_8 (Dropout)
dense_9 (Dense)

tf.reshape (TFOpLambda)

Total params: 28,947,265

(None, 128) 195328

(None, 128) 2]
(None, 4575) 590175

(None, 3, 1525) (2]

Trainable params: 28,947,265

Non-trainable params: @

['layer_normalization_5[@][@]']
['dense_4[0][0]"]
[ 'dropout_5[@][@]"]

['dense_5[0][@]",

'tf.__operators__.add _4[@][@]"']

['tf.__operators__.add_5[@][@]"]

['layer_normalization_6[@][€]",
*layer_normalization_6[0][0]"]
['multi_head_attention_3[@][@]']

[ 'dropout_6[@][€]",
'tf.__operators__.add_5[0][@]"]

['tf.__operators__.add_6[@][0]"]

['layer_normalization_7[@][@]"]
['dense_6[0][0]"]
[ 'dropout_7[0][0]"]

['dense_7[0][0]",

'tf.__operators__.add 6[@][@]"]

['tf.__operators__.add_7[@][€]"']

[ 'layer_normalization_8[@][6]']

[ 'global_average_poolingld[@][@]"

['dense_8[0@][0]"]
[ *dropout_g8[@][e]"]

['dense_9[0][0]"]
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Training and Validation Loss
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FIEECNNHLSTME SR8, R X8
—ANNEIE (ConviD), AT &ERTEI4EE
IREUEAE. X BER T 64N IEREE, BNE
SEBEINE OK/NASZ, HIEER AReLU,
BiBiditE (MaxPooling1D) H1TTXRHE,
LU DY IEE. EERTAIDLSINE, 7
LSTMEZ J{ERH T —Dropout (0. 2) &, L
BLEE. RERANEEEZEE (Dense),
B — N EEERHE R AReLU,

MR : ¥)FIRE (MSE)
L1LEs: Adam
Hherr: FI@EITIRE (MAE)

(58 FEIAEE A

BIEE: [394464,7, 25, 61] (45%E)
MIANSAC: P = 168:168
WZREE WX & I8 UESE = 0.80:0.15:0.05

batch_size = 64; epochs = 1
\_ J

convld 1 (ConvlD) (None, 166, 64)

max_poolingld 1 (MaxPooling (None, 83, 64)
1D)

1stm_16 (LSTM) (None, 83, 108)

lstm 17 (LSTM) (None, 100)

dropout_8 (Dropout) (None, 100)

dense 8 (Dense) (None,
dense 9 (Dense)
Total params: 173,724

Trainable params: 173,724
Non-trainable params: ©
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ul0 Wind Speed Prediction
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eI SR EUE
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ime Tnde| 25m |02602602155205205)78078078404104104/3013013055615615€1821821847082082082342342346026026018628628631231231213:
0 0.005957 0.005979 0.005666 0.005023 0.004057 0.002803 0.001469 0.001671 0.003725 0.006342 0.009343  0.0127 0.016403
A T © rl 1 0.004435 0.004412 0.004053 0.003363 0.002359 0.001165 0.001239 0.003106 0.005471 0.008206 0.01129 0.01472 0.018491
D 2 0.00305 0.002984 0.002581 0.001849 0.000852 0.000919 0.002595 0.004696 0.007153 0.009957 0.013105 0.016595 0.020428
m & }L 3 0.001979 0.001879 0.00144 0.000685 0.00059 0.002012 0.003824 0.005985 0.008492 0.011343 538 0.018076 0.021957
4 0.001325 0.001203 0.000742 0.000191 0.001259 0. 002’ 0. 0.006791 0.009327 0.012206 0. 3 0.018999 0.022911
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u V n i a a ra I I le 8 0.000458 0.000305 0.000203 0.001045 0.002237 0.003775 0. 0.007887 0.010462 0.013383 0.016649 0.02026 0.024217
9 0.000323 0.000164 0.000345 0.001196 0.002393 0.003937 0. 0.008062 0.010644 0.013571 0.016845 0.020464 0.024428
10 0.000252 9. 15E-05 0.000421 0.001275 0.002476 0.004023 0. 0.008155 0.01074 0.013671 0.016948 0.020571 0. 02454
11 0.000205 4.55E-05 0.000471 0.001327 0.00253 0.004079 0. 0.008216 0.010803 0.013737 0.017017 0.020642 0.024614
12.0.00019 3.24E-05 0.000488 0.001345 0. 0. 004098 0. 0.008236 0.010824 0.013759 0.017039 0.020666 0.024638
13 0.000202 4.46E-05 0.000475 0.001331 0. 0.004083 0. 0.008219 0.010807 0.01374 0.01702 0.020646 0.024617
14 0.000266 0.000109 0.000407 0.001259 0. 0.004005 0. 0.008134 0.010718 0.013648 0.016924 0. 020! 0.024513
ﬂu 15 0.000382 0.000228 0.000288 0.001132 0. 0.003865 0. 0.007982 0.01056 0.013483 0.016752 0.020366 0.024326
16 0.000545 0.000398 0.000136 0.000952 0. 0.003668 0. 0.007769 0.010337 0.013251 0.016511 0.020115 0.024064
17 0.000822 0.000685 0.000224 0.000649 0. 0.003334 0.005197 0.007406 0.00996 0.012859 0.016102 0.01969 0.023622
—— A Y 18 0.001417 0.001303 0.00085 0.000177 0. 0.00262 0.004454 0.006633 0.009156 0.012023 0.015234 0.018788 0. 022685
1q 'L 19 0.002698 0.002631 0.002223 0.001478 0. 0.001113 0.002872 0.004988 0.007448 0.010251 0.013395 0.016881 0.020707
b o 20 0.005435 0.005463 0.005152 0.004504 0.00352 0.002207 0.000649 0.001556 0.003864 0.006533 0.009545 0.012894 0.01658
21 0.011065 0.011278 0.011158 0.010706 0.009921 0.008806 0.007362 0.005591 0.003502 0.001184 0.001867 0.004897 0.008305
LY ~ i 22 0.021119 0.021638 0.021833 0.021706 0.021256 0.020484 0.019393 0.017981 0.016251 0.014205 0.011843 0.009169 0.006191
D %I_I 1%'1’-'—%& 23 0.036032 0.03698 0.037616 0.037942 0.037958 0.037665 0.037066 0.03616 0.03495 0.033437 0.031621 0.029505 0.027091
] )L F+-H
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Load on the cylindrical surface at time index 0
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Load on the cylindrical surface at time index 0
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Load on the cylindrical surface at time index 0
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