
Meteorologische Zeitschrift, Vol.15, No. 3, 301-306 (June 2006)
c© by Gebrüder Borntraeger 2006 Article

A note on local and non-local properties of turbulence in
the bora flow
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Abstract
On the basis of two-month measurements of the bora wind at Senj, Croatia, with a 1 s temporal resolution,
properties of the bora turbulence are inspected using the records of three bora episodes. The spectrum is di-
vided into two parts: high-frequency turbulence (periods less than 1 min) and the low-frequency part (periods
between 1 and 10 min) where pulsations appear. We have found that the high-frequency turbulence is gener-
ated locally by surface roughness and local wind shear. On the other hand, the low-frequency turbulence, i.e.
the pulsations, seems to be independent of the local properties and can therefore be treated as an organized
non-local effect. This is in accordance with the studies of the pulsations in the Boulder downslope windstorm.

Zusammenfassung
Das Verhalten der Bora Turbulenz in Senj, Kroatien, während einer zweimonatigen Messperiode mit 1 sec
Auflösung, wurde untersucht. Das Spektrum wurde unterteilt in einen Bereich hoher Frequenz (Perioden
kleiner als 1 min) und einen Bereich niedriger Frequenz (Perioden zwischen 1 und 10 min). Hochfrequente
Turbulenz wird im allgemeinen durch lokale Gegebenheiten, wie Oberflächenrauhigkeit und lokale Wind-
scherung, verursacht. Die Turbulenz niedriger Frequenz des zweiten Bereichs dagegen scheint von lokalen
Gegebenheiten unabhängig zu sein. Diese Pulsationen gleichen jenen, die in den Boulder Fallwinden gefun-
den wurden.

1 Introduction

Bora is a cold, gusty, severe downslope wind blowing
over the Dinaric Alps on the eastern Adriatic coast. It has
been studied by many authors using different techniques
to explain its nature. The most accepted explanation
arose from the work of SMITH (1987), who proposed
the hydraulic character of the bora flow. The suggested
mechanism has been tested on many bora episodes and
seems to be valid for the majority of bora situations. Pre-
vious efforts have primarily focused on the properties of
the mean flow. However, it is known that the principal
form of bora severity is its gustiness. The bora gusts may
reach twice the mean wind speed values. Thus, an addi-
tional effort is required to explain the bora dynamics on
finer spatial and temporal scales.

Several steps have been taken in that direction.
PETKOVS̆EK (e.g. PETKOVS̆EK, 1982, 1987) analyzed
time series of the bora wind speed recorded at small
sampling intervals (few seconds), but with the length of
only a few hours. Those studies revealed the existence
of the pulsating behavior at periods of about 1–10 min
in the bora flow. This is similar to the results obtained
in the studies of the Boulder downslope windstorm (e.g.
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NEIMAN et al., 1988). Recently, BELUS̆IĆ et al. (2004),
on the basis of two-month measurements of the bora
wind at Senj with a 1 s sampling interval, noted the pos-
sibility of disappearance of these pulsations, and even
their reappearance, all within a single bora episode.

Here we wish to inspect the properties of the bora
turbulence with the emphasis on, now well established,
division of the spectrum in two distinct parts: the
high-frequency (periods less than 1 min) and the low-
frequency (periods between 1 and 10 min), where the
latter is prone to the appearance of the pulsations.
From another perspective, idealized numerical studies
of downslope windstorm pulsations ascribed the genera-
tion of the pulses to non-local mechanisms (e.g. CLARK

and FARLEY, 1984; SCINOCCA and PELTIER, 1989).
We will try to extract and verify that information using
the available data.

2 Data and methods

During the two-month winter period (1 December 2001–
31 January 2002) wind speed and direction were mea-
sured with a 1 s sampling interval at Senj, east Adri-
atic coast (44.99◦N, 14.90◦E, 2 m above mean sea level
(MSL)). A Micro-m-asta cup anemometer was posi-
tioned at the coast 15 m above MSL. Although cup
anemometers may appear to be inadequate for turbu-
lence measurements because they are characterized by
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