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Abstract—Precisely forecasting wind speed is essential for
wind power producers and grid operators. However, this task is
challenging due to the stochasticity of wind speed. To accurately
predict short-term wind speed under uncertainties, this paper
proposed a multi-variable stacked LSTMs model (MSLSTM).
The proposed method utilizes multiple historical meteorological
variables, such as wind speed, temperature, humidity, pressure,
dew point and solar radiation to accurately predict wind speeds.
The prediction performance is extensively assessed using real
data collected in West Texas, USA. The experimental results show
that the proposed MSLSTM can preferably capture and learn
uncertainties while output competitive performance.

Index Terms—Deep learning, Wind speed prediction, LSTM,
Stacked LSTMs.

I. INTRODUCTION

Wind energy, as one of the most promising renewable

energy, has gained increasing attention in recent years. By

the end of 2017, wind power capacity in operation accounts

for 5.6 percent of the total electricity generation in the world

according to [1]. However, the fluctuating and intermittent

nature of wind speed has posed many challenges to large-

scale integration of wind power into power grid [2], [3]. To

mitigate the uncertain effects brought by fluctuating wind

speeds, accurate short-term wind forecasting is essential for

power producers and grid operators [4].

a) Related work: Existing wind prediction methods can

be roughly classified into three categories: 1) Physical mod-

eling approach, which builds models based on computational

fluid dynamics utilizing detailed information such as physics

of lower atmospheric layer and terrain information at the

location of the wind farm. It is usually employed to predict

medium-term and long-term tasks. The main drawback is that

it requires physical data each time at different locations and a

large amount of computation is desired. It is usually executed

through a supercomputer [5]. 2) Statistical approach, which

predicts wind speed based on historical time series data. Auto-

Regressive Moving Average (ARMA) model and its evolving

models are among the most popular models for short-term

wind prediction [6]. However, the performance declines as

the prediction time steps increase. 3) Artificial intelligence

approach, such as Artificial Neural Networks (ANN) and

Recurrent Neural Networks (RNN) are used for wind and

wind power prediction [7]. It is good for predicting the

intermittent nature of wind due to its non-linearity. Historical

Fig. 1. West Texas Mesonet Sites distribution [10].

meteorological data is fed into neural networks to train the

parameters of the network and then predict the wind speed.

In recent years, deep learning has been growing rapidly.

Literature shows that compared to shallow neural network,

deep learning could explore more inherent hidden patterns

from data. Therefore, deep learning methods exhibit higher

accuracy for wind forecasting [8]. Recurrent neural network

(RNN) was proposed to deal with time series in [7], and

the authors proposed a deep learning method based on Long

Short-term Memory(LSTM) and Convolution Neural Network

(CNN) that captures spatio-temporal features in wind infor-

mation. RNN is designed to deal with time sequence due to

the memory units in the neurons, which can remember the

historical information. However, training RNN is difficult due

to the fact that RNN model may not converge. LSTM is one

of the improved variations of RNN, which is a much faster

RNN when dealing with time sequence data and is easier to

converge [9]. We employ LSTM model to develop our own

multi-variable learning model for wind speed forecasting.

b) Work in this paper : A deep learning neural net-

work was designed which takes historical wind speed, wind

direction, temperature, humidity, pressure, dew point and

solar radiation as inputs to predict future short-term wind








