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Summary

Meteorological time series are used as important input for risk forecasting and related warning
systems. Wind is one of the most important atmospheric parameters because of its extensive
effects in many industries and fields of human life. Many researches have been carried out to
improve forecasting of the wind with the aim of improving output of wind farms, issuing
warning for public, detection of wind shear and turbulence in the airports and so on. Generally,
there are two main groups of meteorological forecasting methods, one is based on physical
relation of atmospheric parameters, and the other is based on historical data. For a long time,
time series of wind have been used for forecasting the wind speed. ARMA (Auto-Regressive
Moving Average) and Markov model are two important groups of time series analyzing
methods. In this paper, the capability of HMM (Hidden Markov Model) is described and used
for identification and classification of wind time series. Based on theoretical concept of HMM,
a proper method is proposed, and utilized for simulation with real data. The proposed method
is based on constructing a multinomial-HMM on wind direction time series. The whole range
of possible wind direction (360 degrees) is divided into 16 groups and then categorized to
different regimes. Wind forecasting is then carried out based on these separated categories.
Temporal stationary test which is well known for Markov chain, is extended for the proposed
method and used for its efficiency evaluation. Efficiency of the proposed model is investigated
by using real data of IKIA (Imam Khomeini International Airport). A part of the collected data
including wind speed and direction is used for constructing of the proposed model and another
part is used for its evaluation. The achieved results show that there is improvement in temporal
stationary for HMM vs simple Markov model, in 70 to 80 percent of cases. History of the
observations in IKIA shows that there are two major wind directions in the area which are
related to the local condition: from mountain to the desert in the day times from north-west and
from the opposite direction at nights. These are the only important directions in the area in
summer when there are no important meteorological phenomena, while in winter one major
direction would be added from south-west because of the large scale meteorological systems.
Increasing the number of regimes has also significant improvement in temporal stationary in
winter times, while there is no important improvement in summer times. This has a good
harmony with long term recorded data.
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