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® Lags of 1 and 2 days between the and space weather parameters are used.

®* The general performance of the PCA-MRM and PCA-NN models is tested for different

months and in different space weather conditions.
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* The advantage of the PCA- __ ls is that t ere is no need for any assumption on
the phase and amplitude or seasonal /regional features of TEC daily variations: the

daily variations of correct shapes are extracted automatically by PCA from the input

/TEC data.
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J} “PCA MODES

TEC mean PC1.,2015
= March = June — October — December MOde ] .

| Explains 77-95% of the TEC variations for

different months

PC1 = regular daily variation due to the

— SEEEEEEEEEEEEEEEE changes of the insolation
234567 8 910111213141516171819202122232¢
hours

TEC mean PC2.2015
| Mode 2:

— March = June — October — December

| Explains 1.5-8.4% of the TEC variations for

different months

PC2 = shallow minimum of TEC around the noon

EEEEEE VNN $and a maximum in the late afternoon
345678 9101112131415161718192021222324
hours Back
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e spectral range from

* F10.7 inds

* XR: Solar EUV Experiment nission at the wavelength 0.5 nm (LISIRD)
Daily number of solar flares of classes C and M (NGDC)
Time resolution: 1d data
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® o TEC | SW parameters SW parameters
N
®* Lag between ‘ ‘ Y +

space weather

Regression
coefficients

parameters and P —
Mean TEC

TEC =1 & 2 days b
(space weather

parameters lead)
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J} “PCA-NN MODEL

SW parameters
[ ) L — '| TEC SW parameters .
3 ‘ (L days) ‘ (L days + lag = 1/2 days) (day L+1+lag=1/2

days)

g 1 * NN with “memory” pun R +
O (LSTM NN) or
feedforward NN
with weight

Trained NN model ‘

Mean TEC
(L days)

backpropagation
trained on the
lagged series of

predictors
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vilable days of

2015 we ‘made by the (PCA)-MRM

model using the follo

1. Correlation coefficient (r) ——
O 2. Mean absolute error (MAE)
/3. Root-mean-square error (RMSE)
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(PCA) NN . . .
"MRM 3 predictors 3 predlcior’s’ NN 2 predictors NN, 1 predictor |
ensemble
<
O » % Mdgll, Dst, Mgll,
E *8 g Mgll, Dst, By Mgll, Dst, By Dst By By Mgll Dst By
o 5 3
0 5
o gl &g
ac>’~°<s Sl 2° |642)] (64) | (6,2) | (642) | (64) | (6,2) | (42) | (42) | (42) | (2 (2) (2)
— (A
r 0.88 | 0.88 | 0.88 | 0.9%°* | 0.89 | 0.9?3 | 0.9%%® | 0.87 | 0.89 | 0.89 | 0.87 | 0.85
)
MAE 2.21 2.16 | 2.17 | 2.083 2.1 2.08% | 2.05% | 2,28 | 2.13 | 2.11 2.31 2.91
D
/ RMSE 279 | 282 | 279 |2.64>% | 2.7 |2.63%*3]|2.61%2%| 2.88 2.7 2.68 | 2.91 3.09
12,3 Notes Back



1 — metrics for the (PCA)-MRM model
2 — best metrics for all kind of models
3 — best metrics for NN models
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\{) “COMPARISON OF THE MRM AND NN FORECASTS

® Observations vs MRM model vs NN models with single and ensemble forecasts

NN forecast: layers (6.2); predictors (Mgll, Dst, By) Observed

MRM model
NN models (single)
NN model (ensemble)
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J} “COMPARISON OF THE MRM AND NN FORECASTS

® Observations vs MRM model vs NN models with 1, 2 and 3 predictors

NN ensemble forecasts: different sets of predictors
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— NN: Mgll: layers(2) NN: Mgll + Dst; layers(4.2)
— MRM model — NN: Dst: layers(2)
— NN: Mgll + Dst + By: layers(6.4,2) —— NN: By: layers(2)

January February March April May June July August September October November December
date
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\{) “COMPARISON OF THE MRM AND NN FORECASTS

Observations vs MRM model vs NN models with 3 predictors and different NN depth

NN ensemble forecasts: predictors (Mgll, Dst. By)
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— MRM model

--=- NN: layers(6.4.2)
NN: layers(6.4)

— NN: layers(6.2)

January February March April May June July August September October November December
date
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J} “COMPARISON OF THE MRM AND NN FORECASTS

® Observations vs MRM model vs best NN models | in the Table)

NN ensemble forecasts: different sets of predictors
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— observed — NN: Mgll + Dst + By: layers(6.4.2) NN: Mgll + Dst; layers(4.2)
— MRM model — NN: Mgll + Dst + By: layers(6.2)

January February March April May June July August September October November December
date




>dels without Mgll

perform

® The Dst index de‘ 0 Mc¢ ice of

Adding the By parameter slightly improve the forecast quality (the NN forecast with 3 space

weather parameters is closer to the observations)
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