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1. INTRODUCTION

The atmospheric boundary layer (ABL) in polar
areas is poorly understood, especially where
complex topography has an influence on its
structure. Air-ice-sea interactions have been
studied during several field campaigns (e.g.
SHEBA, Uttal et al., 2002) that usually took place
further away from coast and from significant
influence of topography. In addition, the time
series usually remain relatively short due to hard
measuring conditions and remote locations.
Svalbard, an archipelago in the Arctic Ocean, and
its fjords provide an excellent location for long-
term monitoring of the atmospheric boundary
layer. In the fjords, distinctive meteorological
conditions apply due to surrounding mountains,
valleys and glaciers that transport cold air from
inland regions over the fjords and strongly modify
the wind patterns. The state of the ABL is also
affected by seasonal sea ice cover and
oceanographic phenomena such as polynyas, i.e.,
openings enclosed by sea ice. The main objective
of this observational study is to gather more
infromation about the characteristics of the ABL
and turbulent fluxes in Arctic fjord systems.

2. MEASUREMENTS

In January 2008, long-term meteorological
measurements on a 25 m tower on the coastline of
Isfiorden, Svalbard (78° 15’ N, 15° 28’ E) (Figure
1) were started. Isfjorden covers an area of 3,084
km2 and it is orientated in southwest-northeast
direction. At the measuring site, situated on the
southern coast, there is an over fjord fetch of 25-
40 km in the 175° wide sector (Figure 1). The sea
ice cover is seasonal and in a normal sea ice year
consists of fast ice in the inner part of the fjord and
mostly open water with frazil ice and thin ice in the
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Figure 1. The measurement site on the coastline
of Isfjorden Svalbard

mouth area (Nilsen et al., 2008). Slow response
wind speed and wind direction sensors are placed
at four levels (at 9.8, 13.8, 18.8 and 24.8 metres
above sea level) and temperature and humidity
sensors at two levels (at 13.8 and 24.8 metres) on
the mast. In addition, a sonic anemometer
(CSAT3) placed on the mast (at 15.3 metres)
measures turbulence at the rate of 20 Hz. Short-
term measurements conducted over several other
fiords in Svalbard will also be used to study
differences in dissimilar fjords.



Table 1. Monthly mean values of wind speed U, temperature T, relative humidity RH, stability z/L, momentum
flux T and sensible heat flux H during over fjord fetch

number of U (ms™ 1 T(K) RH (%) zIL T (Nm2) | Hwm?)
30-minaverages | at15.3m | at13.8m |at13.8m|at 153 m

FEBRUARY 256 7.8 261.7 68.8 -1.1 0.17 147.5
MARCH 37 43 258.7 69.1 -3.6 0.03 94.3
APRIL 262 6.5 264.1 67.5 -0.8 0.12 72.6
26
3. PRELIMINARY RESULTS FROM THE FIRST
WINTER SEASON 2008 2 o
20F 18:00
In winter 2008, Isfijorden remained mainly ice-free 8r E e
and due to mostly unstable conditions large i
amounts of sensible and latent heat were gm_ 2m
transferred from the sea to the atmosphere (Table 2 230
1). As seen in a case of decreasing wind speed, (LI
shown in Figure 2, the wind speed at the low level
deviates from the logarithmic wind profile during 1or
high wind speeds. Further analysis is needed to
find reasons for this and to exclude possible flow T T e TR S
distortion at the lowest level. wind speed (m/s)
Figure 2. Temporal development of wind speed
The dimensionless temperature gradient #,, shown profile on 17th of April 2008. Stability z/L is
in Figure 3, and the dimensionless wind gradient decreasing with time from -0.16 to -0.55.
¢, are defined as:
¢h :E@ (1) and ¢m :Ea_U (2) : : i
6. oz u, Oz 12 ~ : , : -

where k is von Karman constant, z is height, 6. is
scaling temperature, © is mean potential
temperature, U is mean wind speed and u. is
friction velocity. The dimensionless temperature
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gradient as a function of stability z/L seems to fit = 08} 1
well the commonly used curve of Hogstrom (1996)
(shown in Figure 3): i 1
-1/2
@, = 0.95(1 —11.6Zj (3) ”?

L il |
The dimensionless wind gradient (not shown)
instead seemed to have much lower values in 0.2 . y 5 ; 5
near-neutral  conditions compared to the zil

commonly used curve of Hogstrom (1996). This is
possibly due to the influence of waves (e.g.
Smedman et al., 1999). More detailed analysis will
be done to understand reasons for this deviation.

Figure 3. The dimensionless gradient of
temperature as a function of stability. The bars
show the standard deviation from the bin-
averaged values.
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