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pattern results in index values for 
all grids where high values indicate 
high numbers and high abundance of 
plants requiring relatively high temp-
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The inner parts of fjords at the west ern 
coast of Spitsbergen are covered by 
land-fast sea ice in winter and spring. 
Due to the infl uence of warm Atlant ic 
water – tran s ported to the archi pelago 
by the West Spitsbergen Current – the 
tim ing of ice for mation in these fjords 
is delayed compared with locat ions in 
Arctic Canada, and the ice is less thick. 
Ice for mation in West Spits  bergen 
fjords also depends on their orient-
ation, shape and size. One ex ample 
of this is the largest fjord, Isfjorden, 
which usually develops fast ice only in 
its inner part and in smaller connected 
fjords, such as Billefjorden. Another 
is Kongs fjorden, located north of 
Isfjorden. Kongs fjorden regu larly has 
a fast ice cover in its inner part, where 
a group of islands and shallow water 
ease ice formation (Gerland et al. 1999; 
Svendsen et al. 2002). The warm water 
infl uence allows ice formation usually 
not before mid-winter or later, and 
the ice’s thickness is only around 70 
cm. In contrast, in Van Mijen fjorden, 
ice formation starts earlier be cause 
the fjord is well protected by an 
island, Aksel øya, and water exchange 
is limited to two narrow straits north 
and south of that island. Here, the fast 
ice usually be comes thicker than 1 m. 
After the on set of melt in late spring, 
the refl ectance of snow and ice sur-
faces drops drastically, contributing to 
the melting of the ice (e.g. Winther et 
al. 2001).

The AIO research 
site on the fast ice of 
inner Kongsfjorden, 
Svalbard. Foreground: 
electromagnetic ice 
thickness profi ling. 
Background: tent for 
under-ice turbulence 
monitoring equipment and 
snow machines for travel 
between Ny-Ålesund and 
the research site.

The setup for surface 
refl ectance measurements 
in the fi eld (here in April 
2003 on Kongsfjorden). The 
downlooking optical sensor 
on the tripod is connected 
with an optical fi bre to the 
spectroradiometer.

A vertical thin section of 
fast ice, seen between 
crossed polarizers. The 
different crystals appear 
in different colours. That 
section with columnar ice 
is from the bottom part of a 
core, obtained in April 2003 
in Kongsfjorden. The shape 
and size of the crystals 
give information about the 
freezing conditions during 
ice formation.

eratures within an Arctic context. 
To verify if these index values 

really refl ect temperature conditions, 
temperature sums during the growth 

Atmosphere–Ice–Ocean Interaction Studies on Svalbard fjords

In the project Atmosphere–Ice–
Ocean Interaction Studies (AIO), 
funded by the Research Council of 
Norway, groups from the University 
of Bergen (UiB), the Norwegian Polar 
Institute (NPI), the University Centre 
in Svalbard (UNIS), the Norwegian 

Institute for Air Research (NILU), the 
University of Washington and the 
McPhee Research Company, the 
complex natural processes controlling 
ice formation, freezing, melting, and 
break up are investigated in detail. 
The fi eldwork for these studies runs 
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period were measured at different 
sites during a cold and a relatively 
warm year, in addition to using data 
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in Kongs fjorden, Van Mijen fjorden 
and Stor fjorden. UiB, UNIS and the 
American project partners focus 
especially on the hydro  graphic con-
ditions during ice formation and 
melting, by applying high resolution 
turbu lence measure ments in the 
upper layers of sea water. At the same 
loca tions, NPI and NILU investigate ice 
thick ness development and the role 
of the ice and upper water layers in 
refl ecting, scattering and attenuating 
solar radiation. Those processes are 
crucial for the energy balance at the 
atmosphere–ice–ocean interfaces.

In April and June 2003, detailed 
opt ical measurements were per-
form ed on fast ice in the inner part 
of Kongs fjorden. By using ad vanc ed 
spect ro radio meters (measuring solar 
radi ation from 350 nm to 2500 nm 
wave length), surface refl ect ance and 
trans mittance of ice and upper water 
layers were recorded under different 
ice con ditions. Further, ultraviolet radi-
ation was measured above and below 
the ice. Physical properties of the ice 
and its texture were also recorded.

First results reveal that the thick-
ness of the snow layer which covers 
the fast ice and mild weather events 
in early spring before the on set of 
melt infl uence melting and ice break-
up. Such mild events can lead to snow 
melt near the surface. Sub  sequent 
re-freezing of the resulting melt water, 
further downwards in the snow layer, 
creates another ice layer on top of 
the origi nal sea ice. We compared the 
re fl ectance for solar radiation of the 
dif ferent surfaces and also com pared 
our results with observ ations from pre-
vious years. Though there are few de-
tailed comparable investigations from 
pre  vious years, we see indi cations that 
the formation of these additional ice 
layers varies strongly inter annually.

In 2004, the AIO fi eld activities will 
cons ist of two larger campaigns on 
Van Mijenfjorden. First, during freez-
ing in March, detailed studies of the 
ice and the hydro graphic pro cesses 
be neath the ice will be carried out and 
stand-alone auto matic moni toring 
eq uip  ment will be installed. In June, 
the moni toring eq ui pment will be re-

covered during a second campaign, 
supported by the Norwegian coast 
guard.
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The Northeast Arctic cod (Gadus mor-
hua) stock in the Barents Sea is one 
of the world’s commercially most 
im portant wild fi sh stocks. Effect ive 
man age ment is indispensable to main-
tain this valuable natural resource at a 
via ble level. Quota determinations are 
based on annual assessments of the 
year class sizes, mainly by empiri cal 
esti mates derived from Barents Sea 
surveys. Although today’s met h ods 
to measure and predict cod year 
classes are assumed to be quite ad-
vanced, recent experiences with re-
latively large discrepancies between 
predictions and actually measured 
stock highlight the importance of a 
deeper understanding of the factors 

The Infl uence of Ultraviolet Radiation and Climate Conditions 
on Fish Stocks: A Case Study of the Northeast Arctic Cod 
(UVAC project)

Figure 1. Comparison between the mean maximum doses of UVR (around 1 April 
and 1 May) in Tromsø from 1967 to 2000 (red), and cod recruitment (green). The data 
indicate a signifi cant positive correlation between maximum UVR daily doses and cod 
recruitment.

and processes regulating the cod 
stocks. It is evident that if year class 
size is infl uenced by biological and 
ph ysi cal–biological mechanisms 
ac tive at an early develop ment 
stage, studies of feeding conditions 

(phytoplankton–zooplankton–cod 
interactions) and the impact of the 
geo physical environment (water 
temp erature–solar ultraviolet radia-
tion ([UVR]–climate), both on juvenile 
cod and its prey, should be included 
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