
S1. Equation of CNN
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Where y denotes the output feature vector; m denotes the length of the input feature vector;

x denotes the input feature vector; k denotes the convolution kernel; b denotes the bias vector.

S2. Equations of BiLSTM

  fttft bxhf   ,Wσ 1 (S2)

Where tf denotes the forgetting gate,whose value ranges from 0 to 1; σ denotes the activation

function; fW denotes the weight of the forgetting gate; fb denotes the bias of the forgetting

gate; tx denotes the input value of the tmoment; 1th denotes the output value of the 1t moment.

  ittit bxhi   ,Wσ 1 (S3)

Where ti denotes the input gate, whose value ranges from 0 to 1; iW denotes the weight of

the input gate; ib denotes the bias of the input gate.

  cttct bxhC   ,Wtanh~
1 (S4)

Where tC
~
denotes the t momentary temporary unit state; tanh denotes the hyperbolic tangent

activation function; cW denotes the weight of the temporary unit, cb denotes the bias of the

temporary unit.
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Where tC denotes the cell state at the t moment,which takes values ranging from 0 to

1; 1tC denotes the cell state at the 1t moment.

  ottot bxho   ,Wσ 1 (S6)

Where to denotes the output gate, whose value ranges from 0 to 1; oW denotes the weight of

the output gate; ob denotes the bias of the output gate.



 ttt Coh tanh (S7)

Where th denotes the output value of the moment, i.e. the model's prediction of the

1t moment.

Equations S2–S7 present the computation process of the unidirectional LSTM. We denote the

two opposing unidirectional LSTMs as th and th , and the BiLSTM’s final output
Bith is given in

equation S8.
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S3. Equation of AM
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Where S denotes the final result of the attention mechanism,i.e.,the weighted sum of all the

hidden states of the encoder and their corresponding attention weights; σ denotes the activation

function;Q

denotes the output vector;K


denotes the input vector;V


denotes the vector of attention

values; kd denotes the dimension of theK

vector.

S4. Equations of model effectiveness evaluation
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Where tiE denotes the relative error of variable i in year t ; tiS denotes the model predicted

value of variable i in year t ; tiH denotes the true value of variable i in year t ; and tiH denotes

the average of the true values of variable i .

S5. Equation of Monte Carlo simulation
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Where,
TDC denotes CECBS in yearT under the dynamic scenario;

~
F denotes the mapping

relationship between the independent and dependent variables in the CNN-BiLSTM-AM

model;
TSix denotes the value of variable i in year T under the static scenario; xi denotes the

random parameter of variable i ; N denotes that the random parameter follows a normal

distribution; denotes the standard deviation.

S6. Equations of FAST
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Where )(
,
j
ti denotes the disturbance coefficient of the i -th factor at time step t ; ti ,, denotes

the mean value of the i -th factor at time step t ; ti ,, denotes the standard deviation of the i -th

factor at time step t ; )(
,
j
tis represents the random parameter obtained through Fourier sampling;

andn denotes the total number of samples.
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Where )(sy denotes function of the input random parameter s ; 0a denotes the DC component

(constant term), which represents the baseline output without any disturbances; na an nb are the

coefficients of the Fourier series expansion, which denote the amplitudes corresponding to the sine



and cosine terms, reflecting the contributions of different frequencies.
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Where )(2 y denotes the total variance of the output.
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Where iS denotes sensitivity coefficient for the i -th factor in the model; 2
i denotes the

variance contribution of the Fourier component corresponding to the disturbance coefficient i of

the i -th factor.


