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ABSTRACT 

In a limited area of about 50 km by 50 km with complex topography, wind measurements on 
a dense network were performed during the MISTRAL field experiment in 1991/92. From these 
data, the characteristic wind fields were identified by an automated classification method. The 
dynamics of the resulting 12 typical regional flow patterns is studied in the present paper. It is 
discussed how transitions between the flow patterns take place and how well the transition 
probabilities can be described in the framework of a Markov model. Guided by this discussion, 
a variety of prediction models are described which allow a short-term forecast of the fiow-
pattern type. It is found that a prediction model which uses forecast information from the 
synoptic scale has the best forecast skill. 

1. Introduction 

For questions of emergency response planning 
and of air pollution control on a regional scale it 
is of great importance to know the local wind 
fields and their climatology in detail. In Weber 
and Kaufmann ( 1995) a method was developed 
to automatically classify local wind fields and to 
obtain classes of typical regional flow patterns. In 
Kaufmann and Weber ( 1996) this classification 
method was used to determine the characteristic 
flow patterns in an area around Basel, Switzerland. 
Only 12 classes of substantially different wind 
fields were found in that region with very complex 
topography. The dynamics of these twelve flow 
patterns is investigated following the ideas used 
in the analysis of synoptic weather types (Muller, 
1961; Spekat et al., 1983; Van Dijk and Jonker, 
1985; Mo and Ghil, 1987; De Swart and Grasman, 
1987; Fraedrich, 1988; Nicolis, 1990; Vautard et al., 
1990; Hannachi and Legras, 1995). Most of this 
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discussion concentrates on the question whether 
the dynamics of synoptic weather types can 
adequately be described by a Markov model. An 
adequate description implies that the Markov 
model has good forecast skill. 

As the weather types are characterized by a 
finite and discrete number, they can be described 
by a discrete state Markov model (a Markov 
chain). Such Markov chains were first used in 
meteorology to model the sequence of dry and 
wet days (see, for example, Gabriel and Neumann, 
1962). For the modeling of precipitation, the ori-
ginal stationary 1st-order Markov models were 
extended to higher order ( Bishnoi and Saxena, 
1980; Gregory et al., 1992) and nonhomogeneous 
models (Rajagopalan, 1996). Similar higher order 
and nonstationary, continuous state, Markov 
models were developed to make short-term 
forecasts of wind speed (Brown et al., 1984; Huang 
and Chalabi, 1995). 

For mesoscale wind fields, several authors have 
used automated classification schemes to obtain 
typical regional flow patterns (Hardy and Walton, 
1978; Klink and Willmott, 1989; Green et al., 1992; 
































