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1. A Vortex SERIES is launched to
obtain the monthly wind speed
averages as climatic reference.

/. Anomalies are calculated for
each month over a reference

_ period for different seasonal
models from Copernicus.
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4 4. To further enhance the forecast
QCITICC skill, machine learning
: techniques are employed, and
the improvement over
SST ) ) ) OO | |
5‘.’%13 OO SEASUNAL climatology and trending are
maximised to select the best
performing seasonal model
Figure 1. Illustration of Vortex SEASONAL [1] prediction methodology
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Sites Clusters Seasonal Climatology

Forecast layers
l Search Q l Center Vortex tendency  All models Monthly predictions  Validation metrics _
ECMWF —

. 5 Period
Y Filter ™ Download KML May 2023

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Here you can find all the seasonal model distributions and mean values for the next 6 months.
o B ‘ Historical layers The seasonal models include 7models from several meteorological centres and the Vortex seasonal model.
— The ensemble distributions for all models are presented as a box plot.

Open all projects { Close all projects ] The mean values are the ensemble mean for each model.
= Validation_50sites_ 30 e} .
y Seasonal Climatology Choosemonthandyear: May v 2023 v
© #445817 @ 0_031121 6}
© #445821 @1_031121 o Vortex tendency All models Monthly predictions Validation metrics n 20 G Full boxplot
© #445823 @2_031121 (s : . . L. . Compare seasonal models
bt Here you can find the tendency of the monthly wind speed anomaly predictions and past months wind speed 30 pa
© #445825 @3_031121 & anomalies. I VORTEX (w]
© #445827 @4_031121 o The monthly predictions are from ‘1 month ahead’ to ‘6 months ahead’ from the Vortex Seasonal model. 20 I ECMWF (]
yp
© #445829 @5_031121 O ‘Anomalies’ are calculated from the hourly Vortex SERIES, which is used as a reference. This reference hourly series can 2 10 M UK Met Office (=]
© wasss3 @6_03n21 o be download from the ‘Download series’ button for further analysis. = I B NCEP [m]
#
= § o l III I M owp 0
©) #445833 @7_031121 © Wind Speed Anomaly values (%) s I | Meteo France 0
o
VU -
© #445837 @9_031121 & 20 15 10 5 0 -5 -0 -5 -20 2 20 N ma O
© #445839 @10_031121 o 2
© #445841 @11_031121 e} Monthly wind speed anomalies and six-months ahead Vortex Seasonal predictions (%) (0] -30
© #445843 @12_031121 o Anomaly 1month 2month 3month 4month 5month 6 month ~40
@ #445845 @13_031121 o 2023 October 1.0 .
#445847 @14 031121 2023 September 1.0 1.0 May June July August September October
@ @14_ e
3000 km
© #445879 @15_031121 & |[2000m 2023 August 1.0 1.0 1.0
82.76537 : -96.32813 N
© #445881 @16_031121 o vortn |5 | Loatiet | COpenStrotitan | ONapTior May 2023 monthly Wind Speed Anomaly Forecast (ECMWF-SEASS Ensemble Mean) 2023 July 4.0 1.0 3.0 -2.0 Seasonal Climatology
2023 June -2.0 =210 4.0 -3.0 2.0 .. . . .
Vortex tendency All models Monthly predictions Validation metrics Hide introduc
2023 May 1.0 1.0 2.0 1.0 2.0
2023 April -2.7 -2.0 0.0 1.0 2.0 2.0 1.0 Here you can find the Vortex Seasonal wind speed anomaly forecast data for up to 12 An{ﬂﬂa Probab"kylimervals
pper tercile
Seasonal Climatology 2023March  -036 5.0 3.0 2.0 1.0 3.0 5.0 months ahead. \\\ upper 33% of values
For the next 6 months, the monthly anomaly predictions and ensemble probability Middle tercile
C l i ma to I o d ata . 2023 February 2.0 6.0 5.0 5.0 3.0 1.0 distribution are displayed. middle 33% of values
gy 2023 January 3.69 0.0 3.0 4.0 The ensemble probability distribution shows the terciles distributions in different colours. t&:’f;}:gyﬁm
Here you can find climatology information for the selected site. The table gives an overview of the reference data from 2022D. b 3.27 2.0 1.0 20 The terciles threshold values are calculated from climatology analysis.
all the Vortex SERIES period. This reference hourly series can be download from the ‘Download series’ button for ecember . . . . . e . Historical predictability
. Inaddition, the anomaly predictions are shown for the next 4 quarters, 2 semesters, and High Predictability
further analysis. @ e 2022 November 4.04 1.0 -1.0 0.0 the next vear betterthan limatology
Below you can choose between wind speed and anomaly data. Select the year and month of your interest to see custom Vortex | | Leaflet | ©OpenStreetMap | ©MapTiler year. e
graphs. Inside each prediction box, some predictability information for that period can be found. ?ﬁ:;::;‘;;‘;fﬂ:g:ﬁ:‘;ﬁlm
Monthly wind speed metrics in (m/s) for all climate reference period. @ The predictability is found through an analysis of the Vortex SEASONAL model during the Lower Predictability
last 30 years. less useful than climatology
Dec Fully... Vortextendency ~ Allmodels  Monthly predictions  Validation metrics _
Mean 8.7 8.67 1.7 7.37 8.04 8.68 The validation has been performed from the Vortex tendency table for manth, quarter, semester and year predictions. h hand M 2023
i The calculated metrics are: oose month and year: ay v v
e 979 9-56 881 864 91 1008 « BIAS: The difference between the Vortex SERIES monthly wind speed anomaly over Vortex SEASONAL monthly
Minimum 7.88 7.32 6.63 5.94 6.99 7.42 b anomaly predictions.
Standard deviation [JECRTIENS 059 07 056 06 » MAE: The Mean Absolute Error betveen the Vortex SERIES monthly wind speed anomaly and Vortex SEASONAL Wind speed anomaly forecast and ensembles probability distribution for the next 6 month O]
monthlyanomaly predictions.
| d d « Improvement: The percentage of the months with better performance (less BIAS) than climatology.
o . Anomalies Wind spee « Trending: The percentage of the anomaly-sign hitrate for the Vortex SEASONAL anomaly predictions.
Anomalies Windspeed P May . June . July . August . September . October .
Choose metric forall available predictions: Impr v
Wind speed anomalies per month (2023) o} 2023 Monthly mean wind speed (2023) = 2023 e Improvement value per month for the 6-months-ahead predictions (o]

Improvement Jun Jul
LR 25.0 100.0 50.0 100.0 100.0 100.0 0.0 100.0 100.0 100.0 100.0 100.0
b3 50.0 100.0 50.0 75.0 100.0 0.0 100.0 0.0 50.0 100.0 0.0 100.0
LLE}  50.0 100.0 50.0 50.0 100.0 0.0 100.0 0.0 100.0 100.0 50.0 100.0
100.0 100.0 50.0 50.0 100.0 100.0 100.0 100.0 50.0 100.0 50.0 50.0
Lt 100.0 100.0 50.0 50.0 100.0 0.0 0.0 0.0 0.0 0.0 100.0 100.0
100.0 100.0 0.0 50.0 100.0 100.0 0.0 100.0 100.0 100.0 100.0 100.0
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Mar  Apr  May Jun Jul Aug  Sep 75%of values Jan Feb Mar  Apr  May  Jun Jul Aug Choose time ahead period for all metrics calculated: Monthly v
2% of values Mean value per month for all metrics (0]
Mini ind d
pm—— — MAAE Trending Improvement Wind speed anomaly forecast for the next 4 quarters
0.33 15 95.83 70.83
Wind speed anomalies per year (May) Ma Mean wind speed probability distribution (May) o May -9.5 95 100.0 100.0
o y .
P10 (7.85m/5) Mean (8.9m/s) P90 (9.74m/5) e indeed orobabi " w o8 e May to July . August to October . November to Jan uary. February to April .
H & . anwind speed pi ility -0. X X .
z‘:;‘::::;:m? inMayrelative N intervals -6.83 6.83 100.0 100.0
@ Positivea I ‘_f © Lowertercile (lower 33% of values) 2,67 3.0 100.0 50.0
@ negari )I' - Normal tercile (middle 33% of 17 2.83 66.67 50.0 -2% 1% 1% 5%
egarveanomaly K] values) 1183 12.83 50.0 50.0
o @ Uppertercile (upper 33% of values) 133 133 66.67 66.67
Cumulative probabilities sl 8.83 83.33 83.33
S 53 15 s6.67 66,67 Wind speed anomaly forecast for the next 2 semesters (2] | | Wind speed anomaly forecast for the next year 0]
Mean: average value 342 342 91.67 91.67
P90:90% of values lower Mean value per month for the 6-months-ahead predicti d yvalue foreach 3 (0]
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Trending Improvement

0% 3%

albert.bosch(@vortexfdc.com www.vortexfdc.com



mailto:albert.bosch@vortexfdc.com
http://www.vortexfdc.com

OO

S5 SEASONAL

Forecast layers %
Historical layers Historical layers
Year Year
2022 v 2023
Period
Q1 v 2023
Qf L 2022
2
s < 2021
Q3
Q4
S1 Period
52 Apr
full-year <% DOWNLOAD LAYER
n
| 3000 km |
| 2000 mi |
51.83578 : 8.78906 _ _ _
April 2023 monthly Wind Speed Anomaly (ERA5 over 1991-2020 period)
Vortex | ® "2 | Leaflet | ©OpenStreetMap | ©MapTiler outherm |
albert.bosch(@vortexfdc.com www.vortexfdc.com


http://www.vortexfdc.com
mailto:albert.bosch@vortexfdc.com

OO

S5 SEASONAL

Forecast layers
Center
Forecast layers ECMWF
Center
ECMWE - ECMWEF
Period . UK Met Office
May 2023
June 2023 ‘ NCEP
July2023 DWD
I
August 2023 Meteo France
September 2023
CMCC
October 2023
next 3 months JMA
next 6 months Period
May 2023
Historical layers

T

<% DOWNLOAD LAYER

hl.‘ i -
VRN
} )

L.

| 3000 km |
| 2000 mi |

7.36247 : -190.54688

albert.bosch(@vortexfdc.com

Vortex | ® "2« | | eaflet | ©OpenStreetMap | ©MapTiler

www . vortexfdc.com

May 2023 monthly Wind Speed Anomaly Forecast (ECMWF-SEASS5 Ensemble Mean)

LI |



mailto:albert.bosch@vortexfdc.com
http://www.vortexfdc.com

OO

olay cEASONAL VORTEX'

. SEASONAL by vortex Search... Q @ seasonal@vortexfdc.com
Sites Clusters
¢ -
Search Q 8
% Filter ™ Download KML

- @

| Open all projects Close all projects

[=> Vvalidation_50sites_ 30y
) #445817 @0_031121
() #445821 @1_031121
) #4645823 @2_ 031121
() #4645825 @3_ 031121
) #4645827 @ 4_031121
() #4645829 @5_031121
) #445831 @6_ 031121
() #4645833 @ 7_031121
() #445835 @8_ 031121
() #445837 @9_031121
() #445839 @10_031121
() #445841 @11_031121
) #4645843 @12_031121
() #4645845 @13_031121
) #4645847 @14_031121
@) #4645879 @15_031121
) #4645881 @16_031121
() #445883 @17_031121

200 mi |
51.04139 - -10.81055

I T
Vortex | @ " | Leaflet | ©OpenStreetMap | ®MapTiler

() #445885 @18_031121

April 2023 monthly Wind Speed Anomaly (ERAS over 1991-2020 penod)

) O O OO0 OO0 OO0 00 00 00 OO0 O O O O

SN sl rrOnTT AN AT "aa A

albert.bosch(@vortexfdc.com www.vortexfdc.com



mailto:albert.bosch@vortexfdc.com
http://www.vortexfdc.com

OO

olay cEASONAL VORTEX'

Seasonal Climatology

Climatology data W wideintroduction

Here you can find climatology information for the selected site. The table gives an overview of the reference data from
all the Vortex SERIES period. This reference hourly series can be download from the ‘Download series’ button for
further analysis.

Below you can choose between wind speed and anomaly data. Select the year and month of your interest to see custom
graphs.

Monthly wind speed metrics in (m/s) for all climate reference period. 'O Downloadcsv

_ Jan Feb Mar Apr May Jun J[1] Aug Sep Oct Nov Dec Fully...

Mean 8.71 8.67 9.05 9.66 8.9 8.79 1.7 7.37 8.04 8.68 8.87 8.89 8.61

Maximum 9.79 9.56 10.05 10.49 10.14 10.43 8.81 8.64 9.1 10.08 9.83 10.27 10.49
AT 7.88 732 736 8.4 7.66 7.43 6.63 594 6.99 742 777 17 594 Anomalies Wind speed
Standard deviation 0.55 0.61 0.62 056 0.72 0.81 0.59 0.7 0.56 0.6 0.46 0.63 0.83
Wind speed anomalies per month (2023) [} 2023 v
21.6
16.2 e Wind speed anomaly in 2023
10.8 17.07 relative to climate reference
5.4 ..
o 00 @ Positiveanomaly
S
° -5.4 @ Negative anomaly
-10.8
-16.2 Climate reference
-21.6 Maximum wind speed
-27.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 75% of values
25% of values
Minimum wind speed
Wind speed anomalies per year (May) [} May %
14.5
11.6 Wind speed anomaly in May relative
8.7 to climatereference
gg @ Positive anomaly
L 0:0 @ Negativeanomaly
-2.9
-5.8
-8.7
-11.6
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Seasonal Climatology

Climatology data W wideintroduction

Here you can find climatology information for the selected site. The table gives an overview of the reference data from
all the Vortex SERIES period. This reference hourly series can be download from the ‘Download series’ button for
further analysis.

Below you can choose between wind speed and anomaly data. Select the year and month of your interest to see custom
graphs.

Monthly wind speed metrics in (m/s) for all climate reference period. 'Ol Download csv

_ Jan Feb Mar Apr May Jun J[1] Aug Sep Oct Nov Dec Fully...

Mean 8.71 8.67 9.05 9.66 8.9 8.79 1.7 7.37 8.04 8.68 8.87 8.89 8.61

Maximum 9.79 9.56 10.05 10.49 10.14 10.43 8.81 8.64 9.1 10.08 9.83 10.27 10.49
Minimum 7.88 732 736 84 7.66 7.43 6.63 5.94 6.99 7.42 1.77 1.7 5.94
Standard deviation 0.55 0.61 0.62 0.56 0.72 0.81 0.59 0.7 0.56 0.6 0.46 0.63 0.83

Anomalies Wind speed

Monthly mean wind speed (2023) [} 2023 v
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Mean wind speed probability distribution (May)
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Mean wind speed probability
intervals
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o
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©
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Wind speed anomaly forecast and ensembles probability distribution for the next 6 month
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Anomaly probability intervals
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\\ upper 33% of values
Middle tercile

middle 33% of values

// Lower tercile
// lower 33% of values

Lower tercile Middle tercile Upper tercile

WS anomaly: -22.83% WS anomaly: 2.93% WS anomaly: 9.09%
Probability: 0.014 //// Probability: 0.021 Probability: 0.012 \\\\
Tercile probability: 76.47% | | Tercile probability: 15.69% | | Tercile probability: 7.84%
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Seasonal Climatology

Wind speed anomaly forecast for the next 4 quarters

May to July . August to October . NovembertoJanuary. February to April .

-2% 1% 1% 5%
Wind speed anomaly forecast for the next 2 semesters Wind speed anomaly forecast for the next year
May to October . November to April . May to April .
0% 3% 1%

Historical predictability
High Predictability

better than climatology

Normal Predictability . .
slightly better than climatology Wind Speed Anomaly values (%)

Lower Predictability - _
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Seasonal Climatology
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Seasonal Climatology
Monthly wind speed anomalies and six-months ahead Vortex Seasonal predictions (%) Q
Anomaly 1 month 2 month 3 month 4 month 5month 6 month
2023 October 1.0
2023 September 1.0 1.0
2023 August 1.0 1.0 1.0
2023 July 4.0 1.0 3.0 -2.0
2023 June -2.0 -2.0 4.0 -3.0 2.0
2023 May _ -1.0 -1.0 2.0 1.0 2.0
2023 April -2.7 -2.0 0.0 1.0 2.0 2.0 1.0
2023 March -0.36 5.0 3.0 2.0 1.0 3.0 5.0
2023 February 2.0 6.0 5.0 5.0 3.0 1.0
2023 )anuary 3.69 0.0 3.0 4.0 4.0 3.0 4.0
2022 December 3.27 2.0 1.0 2.0 0.0 1.0 1.0
2022 November 4.04 1.0 -1.0 0.0 0.0 1.0 1.0
2022 October -1.0 -1.0 -1.0 1.0 -1.0
2022 September -2.25 . 0.0 -1.0 0.0 1.0 -2.0
2022 August 3.0 1.0 -5.0 2.0 -1.0
2022 July -2.27 -3.0 2.0 4.0
2022June  2.89 40 80 50
2022 May 4.0 5.0 —
2022 April 5.0 4.0 1.0 3.0 4.0
2022 March 3.0 3.0 3.0 4.0
2022 February 5.0 4.0 3.0
2022 January 5.0 5.0 Wind Speed Anomaly values (%)

20 15 10 5 0 -5 -10 -15 -20

2021 December

2021 November
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The calculated metrics are:

- BIAS: The difference between the Vortex SERIES monthly wind speed anomaly over Vortex SEASONAL monthly anomaly
predictions.

- MAE: The Mean Absolute Error between the Vortex SERIES monthly wind speed anomaly and Vortex SEASONAL monthly
anomaly predictions.

 Improvement: The percentage of the months with better performance (less BIAS) than climatology.

 Trending: The percentage of the anomaly-sign hit rate for the Vortex SEASONAL anomaly predictions.

Mean value per month for the 6-months-ahead predictions and summary value for each metric

_ BIAS MAE Trending Improvement

-1.67 4.0 94.44 80.56
0.12 5.18 79.41 64.71
0.5 4.62 81.25 65.62
-0.73 4.6 80.0 76.67
1.07 5.93 60.71 50.0
0.77 5.54 80.77 76.92
0.01 4.98 79.43 69.08
albert.bosch(@vortexfdc.com www.vortexfdc.com
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Mean value per quarters-ahead predictions and summary value for each metric

_ BIAS MAE Trending Improvement

-0.69 3.19 93.75 87.5
0.0 3.85 80.77 80.77
-0.5 4.5 60.0 60.0

-0.29 4.57 57.14 57.14

-0.37 4.03 72.92 71.35

Meanvalue per semester-ahead predictions and summary value for each metric

MAE Trending Improvement

0.08 2.69 69.23 65.38

0.43 2.14 92.86 92.86

0.25 2.42 81.04 79.12
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May 2023 monthly Wind Speed Anomaly Forecast (ECMWF-SEAS5 Ensemble Mean)
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Table 1. GLOBAL Validation metrics for 6-month ahead prediction (50 sites)

Improvement over

- o)
climatology (%) Trending (%)

February 2023 monthly Wind Speed Anomaly (ERAS over 1991-2020 period)
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