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Problem Description of Density Forecast

A positive-weighted ANN, named distribution approximation network (DAN)
The other ANN, named network forecast network (NFN), is built as the forecaster of DAN

DAN-NFN is trained through maximum likelihood estimation (MLE)
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DAN-NFN

Framework of DAN-NFN
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Framework of DAN-NFN
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Architecture of DAN-NFN
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Fig. 2. Residual architecture and LSTM. (a) Structure of the residual network.
(b) Information flow in LSTM. (c¢) LSTM layer.

Xt

( LSTM layer, M )

Input

( Fully-connected layer, £ )

N\

C LSTMlayer, M )
4

C LSTMlayer, M )

(_ Batch Normalization )

block 1 )

-

( Fully-connected layer, L )

( Fully-connected layer, L )
A 4

( Fully-connected layer, L )

block 1 )

LSTMlayer, ¥ )

( LSTMlayer, M )

Batch Normalization )

blockQ

-

( Fully-connected layer, L )

(" Fully-connected layer, L )
v

(" Fully-connected layer, L )

D block K

4
(" Fully-connected layer, L )

(___ Ouputlayer )
v

[nﬂ, n,., WT, B]
(a)

y
(" Fully-connected layer, L )

v
( Output layer )

Output
(b)

Fig. 3. Structures of NFN and DAN. (a) NFN. (b) DAN.
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Problem Description of Multivariate Density Forecast

A joint distribution approximation network (JDAN) is a generic framework for approximating real continuous joint
CDFs through a deep NN

NFN outputs all parameters of JDAN

JDAN-NFN is trained through maximum likelihood estimation (MLE)
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Constraints of JDAN-NFN
CDF of JDAN-NQF
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Evaluation measure
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Dataset
TABLE I
DETAILS OF THE THREE DATA SETS
Case A Case B Case C
Scenario wind speed wind power electricity load

Location

34°12'23.04"N, 102°44'32.64"W
Texas, USA

Brown Hill Wind Farm, F,. = 94.5MW
Hallett Hill Wind Farm, F, = T1.4MW
North Brown Hill Wind Farm, . = 132.3MW
Australia

Queensland,
Australia

Covering period

2019/12/31 to 2020/12/31

2019/12/31 to 2020/12/31

2009/12/31 to 2020/12/31

Resolution 5 minutes 5 minutes 2 hours
historical wind speed series in different L . X e historical load series, historical
. L . . historical wind power series of different .. . .
X directions, historical temperature series, historical e . . electricity price series, day of
. L . . wind farms, time of the day . .
relative humidity series, time of the day the week, time of the day
Yigr speed vector of next 5 minutes power vector of next 5 minutes load vector of the next day

2

3
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Results
TABLE 111
PERFORMANCE DEMONSTRATION
Case A Case B Case C
b, % or Sr VS, | b% 5r Sr VS, | b% o S- VS,
Persistence 4.64 0.0592 —1.034 0.0529 4,78 0.0676 —1.556 0.1228 3.92 0.0885 —1.938 0.9732
VARX 2.40 0.0468 —0.860 0.0395 4.32 0.0772 —1.390 0.0827 3.67 0.1105 —1.887 0.7650
VCG-t-copula 2.89 0.0463 —0.846 0.0227 2.39 0.0683 —1.387 0.0759 3.06 0.0911 —1.5884 0.6473
WEKDE-R-copula 2.04 0.0483 —0.822 0.0121 2.61 0.0905 —1.370 0.0469 2.26 0.1087 —1.746 0.3407
Gaussian-E-copula 1.95 0.0350 —0.817 0.0061 2.15 0.0642 —1.338 0.0356 2,92 0.0731 —1.458 0.4145
AMISE-MKDE 1.99 0.0559 —0.833 0.0084 2.60 0.0915 —1.383 0.0454 3.26 0.1073 —1.826 0.5405
MOQR 2.59 0.0413 —0.810 / 2.55 0.0627 —1.212 / 3.48 0.0705 —1.453 /
QR-E-copula 2.51 | 0.0339 | —0.643 / 2.72 | 0.0596 | —1.336 / 3.12 | 00706 | —1.448 /
JDAN-NFN 0.79 | 0.0280 | —0.511 | 0.0050 1.40 | 0.0521 —0.8979 | 0.0269 | 2.12 0.0787 —1.365 | 0.3167

denotes parametric approaches; denotes nonparametric approaches
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