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Executive Summary


Kisser Thorsøe, Mikkel Tamstorf, Peter Aastrup, Thomas Juul-Pedersen and Morten Rasch



Introduction


2008 was the second year of operation of 
 the fully implemented Nuuk Basic pro-
 gramme (including both a terrestrial and 
 a marine component), and it was expected 
 to be the first year with complete annual 
 time series for all sub-programmes. How-
 ever, due to severe technical failures on 
 different equipment belonging to espe-
 cially the ClimateBasis and the GeoBasis 
 programmes, many of the expected con-
 tinuous time series for 2008 were broken.


  Danish Polar Center closed down by the 
 end of 2008 and as a consequence the secre-
 tariats of Nuuk Ecological Research Opera-
 tions, Nuuk Basic, Zackenberg Ecological 
 Research Operations and Zackenberg Basic 
 were gathered in an organisation called 
 Greenland Ecosystem Monitoring (GEM) 
 with its own secretariat that was placed at 
 National Environmental Research Institute 
 at Aarhus University.



ClimateBasis


The ClimateBasic programme gathers 
 and accumulates data describing the cli-
 matological and hydrological conditions 
 in Kobbefjord. Data are measured by two 
 automatic climate stations (C1 and C2), 
 two automatic hydrometric stations (H1 
 and H2) and three diver stations (H3, H4 
 and H5). 


  The two climate stations are placed next 
 to each other to ensure data continuity. 


After a few corrections during 2008 all the 
 stations are working correctly now moni-
 toring a total of 16 climate parameters.


  In Kobbefjord measurement of the water 
 level and manual discharge measurements 
 at H1 started in 2006 and at H2, H3 and 
 H4 in 2007. Manual measurements of dis-
 charge were continued at H1, H3 and H4 
 in 2008. In 2008 measurement of the water 


level and manual discharge measurements 
 at H5 were added to the programme. H1 
 and H2 are measuring throughout the year, 
 while measurements at H3, H4 and H5 
 starts up in early spring when the rivers are 
 free of snow and ice, and ends in late fall 
 before the rivers freezes.


  The stage-discharge relation (Q/h-
 relation) established for H1 after season 
 2007 has been re-evaluated on the basis 
 of measurements made in 2008, although 
 there still is a lack of measurements at 
 high water level. For H2, H3, H4 and H5 
 there still is a lack of discharge measure-
 ments to establish reliable Q/h-relations. 


For H1, which is placed at the main river 
 in Kobbefjord, the total discharge during 
 the hydrological year from 1 October 2007 
 to 30 September 2008 was 30.1 million m3. 
 The peak discharge in 2008 was recorded 
 on 14 June caused by a combination of 
 spring snow melt and precipitation. 



GeoBasis


2008 is the first full season for the GeoBasis 
 programme with a field season running 
 from May to late September. However, due 
 to cooperation with other research projects, 
 the programme continued until late Octo-
 ber. The programme has during 2008 unfor-
 tunately run into unforeseen problems (e.g. 


catabatic winds destroyed several instal-
lations, build up of snow drift in front of 
cameras prevented photo monitoring, high 
levels of melt water in the snow pack flood-
ed the data loggers etc.). Although this has 
caused loss of data most of the experienced 
problems have now been solved or will be 
solved during the 2009 season. Installation 
of some stations had to be postponed in 
2007 and they have therefore been installed 
during 2008.



(8)  The melting of snow and ice started in 
 the second half of April and took speed in 
 May. By 12 June all snow on the east side 
 of the main river outlet had melted. The 
 ice cover on the lakes in the area broke up 
 during late May/beginning of June. As 
 part of the snow monitoring three snow 
 surveys were carried out during spring 
 in cooperation with the ClimateBasis pro-
 gramme. 


  The micrometeorological station at 1000 
 m a.s.l., M1000, was installed on 4 Septem-
 ber 2008. This installation completes in-
 stallation of climate stations and we now 
 collect climate data along the entire alti-
 tudinal gradient within the research area. 


Unfortunately, the SoilFen data logger was 
 flooded and data between 18 March and 
 late August was lost.


  Three automatic soil stations are in-
 stalled in the area; SoilFen, SoilEmp and 
 SoilEmpSa. In 2008, soil water samplers 
 (suction cup lysimeters) were installed at 
 the same three sites. However, to allow 
 for the soil to settle after the installation, 
 sampling and analysis of soil water will 
 first begin in 2009.


  The methane (CH4) flux pattern re-
 flected a dome-shaped peak with maxi-
 mum about a month after snow melt and 
 a decline to about half of the maximum 
 towards the end of the summer season 
 (around 1 September). In the autumn the 
 methane flux continued to decline and it 
 decreased consistently during September 
 and October. The peak summer emissions 
 reached about 5 mg CH4 m-2 h-1.


  The measurements of temporal vari-
 ation in daily net exchange of CO2 were 
 initiated on 10 June and continued until 29 
 October. The estimated net uptake period 
 was approximately 83 days and the maxi-
 mum daily uptake reached 2.31 g C m-2 d-1
 on 13 July.



BioBasis 


2008 was the first year, in which BioBasis 
 carried through the entire programme 
 after the establishment of the programme 
 in 2007. 


  We monitored reproductive phenology 
 in three plant species: Silene acaulis, Salix 
 glauca and Loiseleuria procumbens, each with 
 four replicates separated into four sections. 


For L. procumbens, there was a large varia-
 tion between plots in timing of flowering 
 as the date of 50 % flowers in a plot ranged 


from 6 June to 2 July. In S. acaulis flowering 
 peaked around 24 June in all four plots, 
 indicating a longer period of maturing in 
 the early snow free plots compared to the 
 later snow free plots. In S. glauca budding 
 peaked 4 June. Both female and male plants 
 started to flower 17 June and kept having 
 flowers for several weeks until 1 Septem-
 ber. The timing of 50 % of female flowers 
 with hair ranged over plots and sections 
 from 26 August to 20 September. 


  For the four plant species Silene acaulis, 
 Salix glauca, Loiseleuria procumbens and Em-
 petrum nigrum we recorded total flowering 
 at the time of peak flowering. 


  The vegetation greenness was moni-
 tored several times during the season by 
 measurements of the NDVI in phenology 
 plots as well as along the NERO line. In 
 general, the vegetation greenness peaked 
 around 1 August.


  We have monitored the CO2 flux between 
 the soil/vegetation and the atmosphere in 


‘natural’ as well as in ‘manipulated’ plots. 


Data has not yet been processed.


  The study of potential effects of UV-B 
 radiation on plant health showed that the 
 ambient UV-B did not induce any diffe-
 rences in maximum quantum yield (Fv/


Fm) for Vaccinium and Betula. However, 
 screening off a major proportion of the 
 ambient UV-B radiation increased the 
 Performance Index (PI) in both species in 
 the August measurements. These initial re-
 sults indicate that the experimental setup 
 works. 


  The basis for preparing a vegetation 
 map for the study area was improved by 
 classifying additional 115 points.


  Four pitfall arthropod trap stations 
 each consisting of 8 sub-plots were sam-
 pled. All samples are stored at the Green-
 land Institute of Natural Resources. The 
 material is kept in 70 % ethanol. Microar-
 thropods were sampled in three different 
 habitat types with two replicates of each. 


Unfortunately, all samples from 2008 were 
 unsuccessfully extracted at the Greenland 
 Institute of Natural Resources due to in-
 sufficient quality of the apparatus and lack 
 of practice. The results cannot give a pre-
 cise estimate of population abundance.


  The bird study consisted of three sub-
programmes, i.e. an ornithological survey 
which provided an overview of birds in 
the study area, observations of breeding 
phenology of Lapland bunting Calcarius 
lapponicus, and censuses from census 
points.



(9)  Mammals are seen only rarely in the 
 study area. Arctic fox was seen occasio-
 nally and two caribou were observed only 
 once.


  Lake monitoring is carried out in two 
 lakes, Badesø, with arctic char Salvelinus 
 alpinus, located at low altitude and Qassi-
 sø, without arctic char, at a higher altitude. 


The nutrient levels recorded in Badesø 
 and Qassi-sø are comparable to those 
 in other low arctic Greenland lakes. In 
 general, Badesø is warmer than Qassi-sø. 


Conductivity and pH were almost similar 
 in the two studied lakes and comparable 
 to other Greenland lakes. The results in-
 dicate that very few ions are washed into 
 the freshwaters in Kobbefjord. In Badesø 
 Secchi depth was high, particularly in 
 early summer following the ice melt. 


Qassi-sø receives its inflowing water from 
 the nearby glaciers reducing the Secchi 
 depth compared to that in Badesø. For 
 both lakes, Secchi depth decreased over 
 time. Chlorophyll levels were very low in 
 the two lakes. No fish have been caught in 
 Qassi-sø, while both arctic char and three-
 spined stickleback are found in Badesø. 


Submerged vegetation was dominated by 
 mosses and real macrophytes Callitriche 
 hamulata in both 2007 and 2008. In Qassi-
 sø submerged vegetation was sparse com-
 pared to Badesø.


  In 2008 zooplankton was sampled 
 monthly together with the other parameters. 


The samples have not been analysed yet, 
 however.



MarineBasis


The programme was initiated in 2005 
 and comprises a consecutive monthly 
 dataset of pelagic physical, chemical and 
 biological parameters along with seasonal 
 recordings of sea ice, benthic flux, fauna 
 and flora, marine mammals and seabirds 
 in Godthåbsfjord. The programme aims 
 to link physiochemical conditions, marine 
 production, re-mineralization, benthic-
 pelagic exchange and species abundance 
 and composition with climatic forcing in 
 Godthåbsfjord in a long-term perspective.


  Satellite monitoring of sea ice condi-
 tions showed a prolonged maximum sea 
 ice extent in Baffin Bay and a more exten-
 sive sea ice cover in parts of Godthåbsfjord 
 during winter 2007/2008, compared to the 
 two previous years. Nevertheless, mini-
 mum sea ice cover was as previously still 


observed in July/August in 2008 through-
 out the region. The ice cover in Baffin Bay 
 is influenced by the West Greenland Cur-
 rent, which conveys warm water masses 
 northwards.


  Monthly monitoring of hydrographi-
 cal conditions, at the main station near 
 the entrance to Godthåbsfjord, showed a 
 stratification of the water column lasting 
 until May. Moreover, the annual monito-
 ring at the length section conducted in 
 May showed an inflow of coastal waters 
 protruding as a sub-surface layer towards 
 the inner parts of the fjord. Similar to the 
 two previous years, release of melt water 
 and heating of surface waters during the 
 summer produced a fresher and warmer 
 surface layer, thus reflecting a seaward 
 export of freshwater along the northern 
 coastline (Akia). This surface layer also 
 sustains the highest phytoplankton bio-
 mass recorded throughout the year. Sea-
 sonally the phytoplankton biomass show 
 two distinctive peaks occurring in May 
 and July-September, which generally co-
 incide with two separate bloom events in 
 pelagic primary production. The pelagic 
 primary production in summer depletes 
 the different nutrients in the surface layer 
 to varying degrees. 


  The complete dataset since 2005 of sur-
 face water pCO2 shows levels consistently 
 below the atmospheric content, indicating 
 that Godthåbsfjord is a strong CO2 sink. 


Moreover, surface pCO2 levels declines 
 towards the head of the fjord, reflecting a 
 potentially increasing CO2 uptake in sur-
 face waters along the fjord.


  Vertical sinking flux of particulate 
 material, measured monthly, showed a 
 low organic material content dominated 
 by lithogenic material. Although sinking 
 fluxes of total particulate material show 
 no clear seasonal patterns, sinking of phy-
 toplankton based material coincided with 
 the two distinctive peaks in phytoplank-
 ton biomass. Re-mineralization of organic 
 matter in the sediment can be estimated 
 by the oxygen flux, with the lowest rates 
 generally observed in winter and highest 
 rates in late summer/early autumn.


  The phytoplankton community was 
dominated by diatoms throughout the 
year, except during the spring bloom in 
May/June when Phaeocystis sp. (Hapto-
phyceae) dominated. The most abundant 
phytoplankton species observed through-
out the year are typical species of arctic 
coastal waters. 



(10)  Similar to the previous years, the zoo-
 plankton community showed a seasonal 
 succession seemingly following the life 
 cycle of copepods, with the abundance 
 of eggs, nauplii and copepods peaking in 
 that order. Microsetella sp. remained the 
 most abundant copepod species through-
 out the year, except in June when Calanus 
 spp. and Oithona spp. dominated. 


  The highest abundance of ichthyo-
 plankton (fish larvae) was observed in 
 March, with sand eel dominating from 
 March to July followed by capelin in July/


August. Cod larvae were only present in 
 low numbers throughout the year, and 
 at all stations along the length sections 
 of the fjord. Furthermore, the species 
 composition of ichthyoplankton along 
 the fjord changed between the length sec-
 tions conducted in May and July/August. 


Monitoring of crab and shrimp larvae was 
 included in the MarineBasis programme 
 for the first time in 2008, although data 
 was obtained from ichthyoplankton sam-
 ples collected in 2006-2008. In 2006 and 
 2007, the highest abundance of crab and 
 shrimp larvae occurred in May, while only 
 low numbers were found in 2008. Shrimp 
 larvae dominated from March to July, fol-
 lowed by snow crab in August and sand 
 crab in September/October during 2008. 


Along the length sections sampled in May 
 2006-2008, shrimp larvae dominated on 
 the shelf slope, sand crab on Fyllas Banke, 
 while both sand crab and snow crab were 
 more abundant than shrimp larvae at the 
 entrance to the fjord.


  The physiological status of the two 
 dominant benthic fauna species sea urchin 
 Chlamys islandica and scallop Strongolyc-
 entros droebachiensis were studied in May 
 2007 and 2008. Indices of both species re-
 flected a general reduction in their physi-
 ological fitness from 2007 to 2008. 


  The annual monitoring of the macro-
 algal community distribution showed that 
 brown macroalga Agarum clathratum is the 
 most widely distributed macroalgal spe-
 cies in the fjord, although other species are 
 abundant. The annual monitoring of the 
 macroalgal species Laminaria longicruris 
 showed a similar annual blade production 
 in 2007 and 2008.


  Seabirds are annually monitored at dif-
 ferent locations in and around Godthåbs-
 fjord. Qeqertannguit showed a decrease 
 in the number of breeding kittiwake and 
 arctic tern from 2006 and 2007 to 2008. In 
 parallel, Nunngarussuit showed a lower 


number of guillemots in 2008 than in 2006 
 and 2007. 


  Observations of humpback whales 
 were conducted from May to October 
 overlooking a cross-section of the entrance 
 to Godthåbsfjord. Fewer whales were ob-
 served in 2008 than in 2007, although most 
 were sighted between June and August 
 in both years. Photo-ID indicates that the 
 humpback whales are moving in and out 
 of Godthåbsfjord during the season, thus 
 representing an ‘open population’.



Research projects


In 2008, eleven different research projects 
were carried out in cooperation with 
Nuuk Ecological Research Operations. The 
research projects all focussed on different 
biological topics in the marine compart-
ment of the ecosystem.
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1  Introduction


Morten Rasch


2008 was the second year of operation 
 of the fully established Nuuk Basic pro-
 gramme. The marine component of the 
 programme, i.e. MarineBasis, was already 
 established in August 2005, but funding 
 for the run of the terrestrial part of Nuuk 
 Basic, i.e. ClimateBasis, GeoBasis and 
 BioBasis, was not in place before early in 
 2007. In 2007 efforts in the terrestrial part 
 of the programme was therefore mainly 
 on establishing research plots, sites and 
 installations. 


  2008 was expected to be the first year 
 of run of the fully established Nuuk Basic 
 programme, but due to severe technical 


failures on different equipment belong-
 ing to especially the ClimateBasis and 
 the GeoBasis programmes, many of the 
 expected continuous time series for 2008 
 were broken. However, most of the fai-
 lures have now been corrected, and we 
 therefore consider that the programme is 
 more or less fully implemented by the end 
 of the 2008 field season or early in the 2009 
 field season.


  The 2008 field season in Kobbefjord 
 started on 13 March and continued until 
 4 December. During this period approxi-
 mately 30 scientists spend around 600 


‘man-days’ in the study area. 


Figure 1.1 Map of the 
Kobbefjord area with 
Danish and Greenlandic 
place names.
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1.1  New research hut at  Kobbefjord


On 18 October 2008 a topping-out ceremo-
 ny for the new research hut at Kobbefjord 
 was held. Hopefully, the 55 m2 hut will for 
 many years be the base for the research 
 and monitoring activities under the frame-
 work of Nuuk Ecological Research Opera-
 tions. The construction work continued 
 until 14 November, and it is the plan to 
 finish the construction work in the early 
 part of the 2009 field season. 



1.2  Scientific framework and  organisation


The overall scientific framework and or-
 ganisation of Nuuk Ecological Research 
 Operations and Nuuk Basic are described 
 in Nuuk Ecological Research Operations, 
 1st Annual Report (Chapters 1 and 8). How-
 ever, a few structural changes have oc-
 curred since this report was published. 


  Danish Polar Center closed down by the 
 end of 2008. The secretariats for both Nuuk 
 Ecological Research Operations (NERO) 
 and Nuuk Basic were together with the 
 Zackenberg Ecological Research Operations 
 (ZERO) and the Zackenberg Basic secre-
 tariats originally placed at Danish Polar 
 Center, and as a consequence a new siting 
 was needed. In late 2008, it was therefore 
 decided to transfer the secretariats to Na-
 tional Environmental Research Institute at 
 Aarhus University, together with the group 
 of people working with the Zackenberg 
 logistics. In relation to this move a new 
 structure was developed. Now, the four 
 secretariats are gathered in an organisa-
 tion called Greenland Ecosystem Monitor-
 ing (GEM). GEM coordinates the work in 
 ZERO, NERO, Nuuk Basic and Zackenberg 
 Basic and takes care of secretariat tasks like 
 publication of the relevant annual reports, 
 maintenance of web pages, national and 
 international representation of the pro-
 grammes etc. GEM has a secretariat situa-
 ted at National Environmental Research In-
 stitute at Aarhus University. The activities 
 within GEM is led by a steering committee 
 with representatives from Danish Energy 
 Agency, Danish Environmental Protection 
 Agency, Danish Agency for Science, Tech-
 nology and Innovation, Greenland Institute 
 of Natural Resources, Asiaq – Greenland 
 Survey, National Environmental Research 
 Institute at Aarhus University, Copenha-


gen University and Geological Survey of 
 Denmark and Greenland. The practical 
 work within GEM is coordinated by a co-
 ordination group consisting of the different 
 managers involved in the practical work at 
 Zackenberg and Nuuk.



1.3  Funding


Nuuk Basic is funded in by the Danish 
 Energy Agency and the Danish Environ-
 mental Protection Agency with contribu-
 tions from Greenland Institute of Natural 
 Resources, Asiaq - Greenland Survey, 
 National Environmental Research Institute 
 at Aarhus University and University of 
 Copenhagen. 


  Most of the necessary ‘infrastructure’, 
 including boats, field huts etc. has gene-
 rously been provided by Aage V. Jensen 
 Charity Foundation.



1.4  Climate Centre in Nuuk


On 10 April 2008, the Danish and the 
 Greenlandic ministers of research, Helge 
 Sander and Tommy Marø, agreed on a 
 model for establishment of a Climate Cen-
 tre in Nuuk. It is the plan that the Centre 
 will open before The United Nations Cli-
 mate Change Conference in Copenhagen 
 in December 2009. The Centre will be 
 placed at Greenland Institute of Natural 
 Resources, it will be led by a centre leader, 
 and it will further employ five to ten sci-
 entists with place of employment in Nuuk. 


The terms of reference for the Climate 
 Centre states specifically that cooperation 
 with Zackenberg Basic and Nuuk Basic are 
 considered relevant.



1.5  Plans for the 2009 field  season


It is the plan for 2009 to finish the estab-
 lishment of the different terrestrial pro-
 grammes. In 2008, we experienced severe 
 failures on especially field equipment and 
 installations belonging to the ClimateBasis 
 and GeoBasis programmes. These failures 
 will in 2009 either be corrected or new 
 installations will be established to fully 
 implement the programme.


  Further, it is the plan that the field hut at 
Kobbefjord should be taken in use early in 
2009. 
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1.6  Further information


Further information about Nuuk Ecologi-
 cal Research Operations and Nuuk Basic 
 is available on the Nuuk Basic homepage 
 (www.nuuk-basic.dk) together with infor-
 mation concerning:


•  The study area 


•  Access


•  Publications


•  Data


•  Staff


Nuuk Basic is coordinated by the Green-
 land Ecosystem Monitoring Secretariat at 
 National Environmental Research Institute 
 at Aarhus University. For further informa-
 tion about Nuuk Ecological Research Ope-
 rations and Nuuk Basic, please contact: 


Morten Rasch


Research Coordinator, PhD
 Greenland Ecosystem Monitoring


National Environmental Research Institute
 Aarhus University


P.O. Box 358


Frederiksborgvej 399
 DK-4000 Roskilde
 E-mail: mras@dmu.dk
 Phone: +45 46301917
 Cell: +45 23227109
 Fax: +45 46301114


The logistics in the Nuuk area, including 
 access to Kobbefjord is provided by Green-
 land Institute of Natural Resources. For 
 further information, please contact:


Henrik Philipsen
 Logistics Coordinator


Greenland Institute of Natural Resources
 P.O. Box 570


Kivioq
 3900 Nuuk
 Greenland


E-mail: heph@natur.gl
 Phone: +299 550562


Figure 1.2 Topping-out 
 ceremony for the new re-
 search hut at Kobbejfjord, 
 October 2008. Photo: 


Søren Rysgaard.
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2  NUUK BASIC



The ClimateBasis programme


Karl Martin Iversen and Kisser Thorsøe


The ClimateBasis programme gathers and 
 accumulates data describing the climato-
 logical and hydrological conditions in the 
 Kobbefjord area. Two automatic climate 
 stations (C1 and C2), two automatic hy-
 drometric stations (H1 and H2) and three 
 diver stations (H3, H4 and H5) monitor 
 the physical parameters necessary to 
 describe the variations in climate and hy-
 drology. Location of the different stations 
 can be seen in figure 2.1. ClimateBasis is 
 operated by Asiaq – Greenland Survey. 



2.1  Meteorological data


In 2008 a few changes have been made to 
 the installations used for climate monito-
 ring in the Kobbefjord area. For the full 
 description of the stations see Jensen and 
 Rasch (2008). 


  Since October 2007, the two climate 
 stations have been visited five times by 
 scientific personnel and two times by 
 technicians. In September and October the 
 technicians replaced the following sen-
 sors: Snow depth, RVI, PAR, net radiation 
 (lite) and UVB. The snow depth sensors 
 were mounted on new, separate masts. 


Figure 2.1 Location of the 
 climate (C1, C2), hydro-
 metric (H1, H2) and diver 
 stations (H3, H4, H5) in 
 the Kobbefjord area to-
 gether with the drainage 
 basins of Kobbefjord and 
 the drainage basin for the 
 hydrometric stations and 
 the diver stations.


C1
C2



(15)The RVI and the wind speed sensors (2 m 
 above terrain), were moved to allow the 
 RVI-sensors to be mounted over uniform 
 vegetation and the wind speed sensors to 
 be mounted closer to the data loggers. The 
 climate sensors have generally performed 
 well during the second year of measure-
 ments. The only physical damage to the 
 stations were a slight bending by the wind 
 of the 2 m masts holding nearly all the 
 radiation sensors and a crack in one of the 
 net radiation sensors at C2. Furthermore, 
 the software running all climate stations 
 has been further developed and corrected 
 to make it run more properly. A software 
 error resulted in missing radiation data 
 until 18 June 2008.        


Meteorological data 2007-2008
 This section describes data from the first 
 full year of measurements for all essential 
 climate parameters. Figure 2.2 gives an 
 overview of the meteorological measure-
 ments in 2008.


  The annual mean of recorded tem-
 peratures in 2008 was -1.5 °C, table 2.1. 


The coldest month was February with 
 an average temperature of -14.1 °C and a 
 minimum temperature as low as -31.0 °C, 
 while the warmest month was July with 
 temperatures averaging 10.1 °C and a 
 maximum temperature as high as 21.0 °C. 


Compared with the climate normal, the 
 recorded temperatures were below normal 


during winter months (November 2007 
 to March 2008) and above normal during 
 summer months (April to August 2008) 
 (Cappelen et al. 2001). 


  The general weather pattern observed 
 from January to March 2008 was characte-
 rized by long periods with ENE winds and 
 low temperatures. The stable weather situ-
 ation was interrupted when low pressures 
 occasionally passed over the area, which re-
 sulted in rising temperatures, WNW winds, 
 high wind speeds and often precipitation. 


At the end of March and in the beginning 
 of April higher frequency of winds from 
 the WSW brought warmer and more hu-
 mid air to the Kobbefjord area. Two thaw 
 events occurred on 22 March and 8 April. 


The last day in the spring with a mean air 
 temperature below the freezing point was 
 recorded on 13 May.


  From May until the end of July the 
 dominant wind direction was WSW and 
 air pressure was stable (table 2.1). Only 
 two low pressures passed during this 
 period and long periods with clear skies 
 and stable winds occurred. From June to 
 August, the air temperature had diurnal 
 amplitudes of about 10 °C during clear sky 
 conditions induced by high incoming ra-
 diation throughout the day and significant 
 outgoing long-wave radiation throughout 
 the night. In figure 2.2 this effect can be 
 observed as periods with high positive net 
 radiation during the day and negative net 


Month-
 year


Rel. Hum
 (%)


Snow depth
 (m)


Air temp.


(°C)


Air pressure
 (hPa)


Precip.


(mm)


Wind 
 (m s–1)


Max 10 min. wind 
 (m s–1)


Wind dir.


(most frequent)


Oct-07 63.7  --- –1.2 998.6 40 3.4 17.9 ENE


Nov-07 72.9  --- –4.3 1003.1 160 4.6 15.9 ENE


Dec-07 70.1  --- –9.5 992.4 63 3.6 11.6 ENE


Jan-08 71.9  --- –12.8 997.5 36 3.7 11.4 ESE


Feb-08 71.6  --- –14.1 995.1 69 3.3 17.2 ESE


Mar-08 75.0  --- –9.1 1003.5 --- 3.9 17.7 WNW


Apr-08 69.2  --- –1.7 1011.9 19 3.2 19.7 NE


May-08 74.8  --- 3.1 1010.2 55 3.0 14.3 WSW


Jun-08 72.2  --- 7.2 1014.8 23 3.4 12.8 WSW


Jul-08 67.8  --- 10.1 1007.8 45 3.2 10.2 WSW


Aug-08 73.3  --- 7.9 1005.2 72 3.3 12.6 WNW


Sep-08 75.2  --- 3.6 1000.4 172 3.8 12.2 WNW


Oct-08 66.6 0.07 –0.8 1000.7 210 4.3 19.5 ENE


Nov-08 76.9 0.25 –2.5 1001.6 281 4.7 15.8 ENE


Dec-08 68.7 0.44 –8.6 994.3 146 4.1 19.8 ENE


2008 71.8 --- –1.4 1003.6 1127 3.7 --- ---


Table 2.1 Monthly mean values of selected climate parameters from October 2007 to December 2008. For 2008 also mean relative humidity, 
annual mean temperature, mean air pressure, accumulated precipitation and mean wind speed. The precipitation data for January, March and 
December is incomplete.



(16)radiation during the night. The fluctuating 
 temperatures affected the relative humi-
 dity, which was often below 50 % during 
 daytime and about 90 % during night. 


Also the wind speed had a diurnal varia-
 tion in clear sky conditions (approximately 
 0 to 7 m s-1), which is an effect of sea/land 
 breeze. Comparing the mean air tempera-
 tures from June to September with mea-
 surements from last year show that June, 
 July and September were warmer in 2008 
 than in 2007 (table 2.2). Other mean values 
 for selected climate parameters are shown 
 in table 2.1. 


  From mid-August the frequency of 
 passing low pressures increased and the 
 dominant wind direction turned to WNW 


in August and September and ENE in 
 October to December. Even though the 
 dominant wind direction gradually turned 
 to ENE, the wind direction during low 
 pressure was WNW. Passing low pressures 
 in the autumn were often associated with 
 very high wind speeds. Despite the fact 
 that the climate stations are shielded by the 
 surrounding mountains, the mean wind 
 speed was above 15 m s-1 on six occasions 
 from October to December 2008. As the fre-
 quency of passing low pressure increased 
 in the autumn 2008, so did the amount of 
 precipitation. The precipitation in Septem-
 ber through December amounted to 70 % 
 of the total precipitation in 2008. Recorded 
 precipitation in 2008 was 1127 mm (table 


Date (2008)


01-01 01-02 01-03 01-04 01-05 01-06 01-07 01-08 01-09 01-10 01-11 01-12
 Wind direction (degree)Wind speed (m s–1)Outg. SW rad. (W m–2)Inc. SW rad. (W m–2)Net radiation (W m–2)Snow depth (m)Air pressure (hPa)Relative humidity (%)Air temperature (°C)


2010
 –100
 –20–30
 –40100
 80
 60
 40
 20
 10500
 1025
 1000
 975


600
 400
 200
 0
 800
 600
 400
 200
 8000
 600
 400
 200
 300


20
 10
 3600
 270
 180
 90
 0
 1.2
 0.8
 0.4
 0


No data


No data


No data


No data


Figure 2.2 Variation of 
 selected climate para-
 meters in 2008. From top: 


Air temperature, relative 
humidity, air pressure, 
snow depth, net radiation, 
incoming short wave radia-
tion, outgoing short wave 
radiation, wind speed and 
wind direction. Wind speed 
and direction are measured 
10 m above terrain; the 
remaining parameters 
are measured 2 m above 
terrain.



(17)2.1). The first snow fall at the climate stati-
 on was recorded on 14 October but melted 
 away 27 to 29 October when a storm passed 
 with air temperatures up to 11.3 °C. From 
 November and the rest of the year the Kob-
 befjord area had full snow cover, which on 
 26 December reached a depth of 59 cm at 
 the stations.


  The levels of selected radiation para-
 meters are shown in table 2.3. The net 
 radiation shifted from positive to negative 
 values around September/October, which 
 is due to a combined effect of decreasing 
 incoming radiation and the soil/vegeta-
 tion system loosing thermal energy. The 
 snow cover instantly changed the radia-
 tion properties of the surface by reflecting 
 short wave incoming radiation (the albedo 
 increased from approximately 0.2 to 0.9) 
 further decreasing outgoing long wave 
 radiation. 



2.2  River water discharge


Hydrometric stations


In 2008, hydrological measurements were 
 carried out at five locations in the Kobbe-
 fjord area. Two hydrometric stations were 
 established in 2007 and divers are each 
 year deployed in three minor rivulets run-
 ning in to Kobbefjord. The drainage basins 
 of the five locations cover a total of 58 
 km2 corresponding to 56 % of the 115 km2
 catchment area to Kobbefjord. 


  The hydrometric station H1 is located 
 at a lake in the bottom of Kobbefjord, and 
 the hydrometric station H2 is located by 
 a lake at Qasinnguaq northeast of the 
 hydrometric station H1 (figure 2.1). The 
 drainage basin of H2 is a sub-basin of the 
 drainage basin of H1. The drainage basin 
 of H1 covers 31 km2 of which the drainage 
 basin of H2 covers 7 km2. For descriptions 
 of the hydrometric stations see Jensen and 
 Rasch (2008). 


  The diver station H3 is located by a small 
 rivulet at Oriartorfik on the northern side 
 of Kobbefjord. The drainage basin of H3 
 is 10 km2. The diver station, H4, is located 
 at Teqqinngallip Kuaa on the south side of 
 the fjord. The drainage basin of H4 covers 
 17 km2. The diver station H5, is located at 
 Kingigtorssuaq also on the south side of the 
 fjord, but further southwest than H4 (see 
 figure 2.1 for all locations). The drainage 


Month-
 year


Air temp. 


(°C)


Month-
 year


Air temp. 


(°C)


May-08 3.1 Maj-07 -0.2


Jun-08 7.2 Jun-07 4.1


Jul-08 10.1 Jul-07 9.1


Aug-08 7.9 Aug-07 9.8


Sep-08 3.6 Sep-07 3.2


Table 2.2 Comparison of monthly mean air temperatu-
 res 2007 and 2008 (May is incomplete in 2007).


Month-
 year


Albedo Short wave rad Long wave rad. Net rad. PAR UVB


W m–2
 in


W m–2
 out


W m–2
 in


W m–2
 out


W m–2 µmol 
 s–1 m–2


mW m–2


Oct-07  ---  ---  ---  ---  ---  ---  ---  ---


Nov-07  ---  ---  ---  ---  ---  ---  ---  ---


Dec-07  ---  ---  ---  ---  ---  ---  ---  ---


Jan-08  ---  ---  ---  ---  ---  ---  ---  ---


Feb-08  ---  ---  ---  ---  ---  ---  ---  ---


Mar-08  ---  ---  ---  ---  ---  ---  ---  ---


Apr-08  ---  ---  ---  ---  ---  ---  ---  ---


May-08  ---  ---  ---  ---  ---  ---  ---  ---


Jun-08 0.2 247.8 39.8 287.0 374.8 119.7 980.5 26.6


Jul-08 0.2 233.0 38.1 308.3 383.6 119.5 920.8 26.6


Aug-08 0.2 148.7 24.5 312.3 364.3 72.1 591.1 16.3


Sep-08 0.2 65.7 10.1 303.3 332.1 26.8 260.5 5.7


Oct-08 0.6 20.3 8.9 267.1 302.4 –24.1 90.4 2.0


Nov-08 0.9 6.1 5.7 282.4 294.8 –12.0 28.5 0.3


Dec-08 0.9 2.1 2.0 241.0 264.7 –23.6 9.2 0.0


Table 2.3 Monthly mean values of selected radiation parameter. Values for June 2008 are incomplete.



(18)basin of H5 covers 6 km2. H3, H4 and H5 
 were in 2008 equipped with one diver and 
 one barodiver from Van Essen Instruments. 


The divers are placed in the rivulets in early 
 spring and are collected in late fall before 
 the rivulets freezes. The divers at H3, H4 
 and H5 are logging every 15 minutes.


Q/h-relation


Manual discharge measurements have 
 been carried out at stations H1, H3, H4 
 and H5. The purpose is to establish stage-
 discharge relations (Q/h-relations). It is 
 generally recommended to base a Q/h- 
 relation on a minimum of 12 to 15 dis-
 charge measurements covering the water 
 levels normally observed at the station 
 (ISO 1100-2, 1998). For H2, H3, H4 and H5 
 there still is a lack of discharge measure-
 ments to produce reliable Q/h-relations. 


Therefore, data from these stations are not 
 presented.


  In 2008, four discharge measurements 
 were carried out at H1. Two of the measu-
 rements were carried out when the outlet 
 were influenced by ice. The total number 
 of measurements at H1 is now 13. Unfortu-


nately, none of the measurements carried 
 out in 2008 were at high water levels, so 
 as was the case in 2007, the measurements 
 span only over the lower half of the mea-
 sured water level with discharges ranging 
 from 0.02 to 3.15 m3 s-1. The total measured 
 span in the water level during ice free con-
 ditions in 2006, 2007 and 2008 is 0.59 m. As 
 there still is a lack of measurements at high 
 water level, the established Q/h-relation 
 under ice free conditions presented is still 
 preliminary and special care should be 
 taken in relation to interpretation of water 
 discharge especially at high water levels. 


The preliminary Q/h-relation for H1 is 
 shown in figure 2.3. The preliminary Q/h-
 relation will be evaluated and refined when 
 additional measurements have been carried 
 out in 2009.


  Two of the discharge measurements at 
 H1 were carried out on the same day with 
 two different instruments. As this is not 
 two independent measurements, only one 
 of them is used for establishing the Q/h-
 relation. Four other measurements were 
 carried out when the lake was covered 
 by ice. Three of these measurements are 
 not used in the establishment of the Q/h-
 relation because the outlet was affected 
 by ice and therefore not representative for 
 ice free conditions. The aim is to establish 
 Q/h-relation for H1 under both ‘ice cove-
 red’ and ‘ice free’ conditions.


River water discharge at H1


When the outlet at H1 is not influenced 
 by ice, the discharge is calculated from the 
 measured water level by use of the estab-
 lished Q/h-relation. 


  The provisional studies indicate that 
 water is running at H1 all year. Based on 
 manual measurements, a base flow of 
 0.07 m3 s-1 is assumed during the winter. 


From 21 October 2007 it is assumed that 
 the outlet is influenced by ice, and the 
 Q/h-relation is therefore not valid. Fur-
 thermore, it is assumed that the discharge 
 reaches base flow on 21 November. Du-
 ring the period 21 October to 21 Novem-
 ber, the discharge is calculated by linear 
 interpolation. From 21 March it is assu-
 med that water discharge exceeds base 
 flow and until the first manual discharge 
 measurement on 10 April the discharge is 
 found by linear interpolated between the 
 base flow and the first manual measured 
 discharge. The discharge is interpolated 
 from 10 April until 16 May. Thereafter it 
 is assumed that the Q/h-relation is valid. 


Discharge (Q m3 s–1)


Stage (h, m above sealevel)


98,6
 98,7
 98,8
 98,9
 99,0
 99,1
 99,2
 99,3


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14


Q/h-relation


Measurements used in Q/h-relation
 Measurements, not used


Q = 42.84(h–98.65)2.2070


Figure 2.3 Discharge - 
 water level relation curve 
 (Q/h-relation) at the hy-
 drometric station H1. The 
 coefficient of correlation 
 (R2) for the curve is 0.996
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Figure 2.4 River water dis-
charge at H1 during 2007.



(19)From 22 October 2008 it is assumed that 
 the outlet is influenced by ice, and the 
 Q/h-relation is not valid. The discharge 
 is interpolated from this day until the 
 manual discharge measurement on 4 De-
 cember and until the next manual mea-
 surement on 20 January 2009.


  The river water discharges at H1 for 
 2007 and 2008 is shown in figure 2.4 and 
 2.5.


  The total discharge from H1 during the 
 hydrological year from 1 October 2007 
 to 30 September 2008 is then calculated 
 to 30.1 million m3. The peak discharge in 
 2008 was recorded on 14 June. This event 
 was caused by a combination of spring 
 melt and precipitation. From July and 
 until 23 October, when the Q/h-relation 
 is no longer valid, the discharge is cha-
 racterised by a number of smaller peaks 
 caused by rain events. The accumulated 
 discharge of 30.1 million m3 corresponds 
 to a runoff of 994 mm from the entire 
 catchment of H1. 18 % of the accumulated 
 discharge is calculated using extrapola-
 tion of the Q/h-relation. 


  Comparison of discharge with precipi-
 tation has been made for the hydrologic 
 year 2007/2008. The precipitation at the 
 meteorological stations C1 and C2 was 
 753 mm, but there are two periods with 
 no valid data (in total, data from about 
 seven weeks are missing).


  The difference between the runoff and 
 the precipitation are caused by many 
 uncertainties in the understanding of the 
 hydrology in the Kobbefjord area. For 
 example the lack of discharge measure-
 ments at high water levels induces errors, 
 and the precipitation record is not com-
 plete and is not corrected for wind effects 
 and therefore probably gives too low va-
 lues. Furthermore, the contribution from 
 the glacier in the area is not yet investi-
 gated. One of the aims for ClimateBasis is 
 to understand the hydrological processes 
 in the low arctic area around Kobbefjord 
 and the above mentioned factors will, 
 among others, be investigated in the fol-
 lowing years.


Discharge (m3 s–1) Accumulated discharge (mill. m3)


0
 2
 4
 6
 8
 10
 12
 14
 16
 18
 20


1.


Jan
 29.


Jan
 26.


Feb
 26.


Mar
 23.


Apr
 21.


May
 18.


June
 16.


July
 13.


Aug
 10.


Sep
 8.


Oct
 5.


Nov
 3.


Dec
 31.


Dec
 0
 4
 8
 12
 16
 20
 24
 28
 32
 36
 Manual discharge measurements 40


Discharge
 Acc. discharge


Figure 2.5 River water discharge at H1 during 2008.
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3  NUUK BASIC



The GeoBasis programme


Mikkel P. Tamstorf, Karl Martin Iversen, Birger Ulf Hansen, Charlotte Sigsgaard, Mikkel Fruer-
 gaard, Rasmus H. Andreasen, Mikhail Mastepanov, Julie M. Falk, Lena Ström and Torben Røjle 
 Christensen


The GeoBasis programme provides long 
 term data of climatic, hydrological and 
 physical landscape variables describing 
 the environment in the Kobbefjord drai-
 nage basin close to Nuuk. GeoBasis was in 
 2008 operated by the Department of Arctic 
 Environment at National Environmental 
 Research Institute at Aarhus University, 
 in collaboration with the Department of 
 Geography and Geology at the University 
 of Copenhagen. GeoBasis was in 2008 
 funded by the Danish Environmental Pro-
 tection Agency as part of the environmen-
 tal support programme Dancea – Danish 
 Cooperation for Environment in the Arctic. 


A part-time position is placed in Nuuk at 
 Asiaq - Greenland Survey. The GeoBasis 
 programme includes monitoring of the 
 physical variables within snow and ice, 
 soils, vegetation and carbon flux. The 
 programme runs from 1 May to the end 
 of September with some year round mea-
 surements from the automated stations.


  The 2008 season is the first full season 
 for the GeoBasis programme. In 2007, the 
 field programme was initiated during a 
 three week intensive field campaign in 
 August where most of the equipment was 


installed, although some installations had 
 to be postponed until 2008.


  Little knowledge was available about 
 local topographic and microclimatic 
 variations during the installation of sen-
 sors and stations in 2007. Therefore, the 
 programme has run into unforeseen pro-
 blems (e.g. very strong winds that have 
 destroyed several installations, build up 
 of snow drift in front of cameras, high 
 levels of melt water in the snow pack with 
 subsequent flooding of data logger etc.). 


Although this has caused gaps in the data 
 series, most of the experienced problems 
 have now been solved or will be solved 
 during the 2009 season. 



3.1  Snow and ice


Snow cover extent


Automatic cameras were installed in 2007 
 at 300 and 500 m a.s.l. to monitor the snow 
 cover extent. The melting started in se-
 cond half of April and took speed in May 
 (figure 3.1). By 12 June all snow on the east 
 side of the main river outlet had melted. 


Figure 3.1 Snow cover 
 melt as seen from the  
 automatic camera (K3-500) 
 at 500 m a.s.l.


1 May


22 May


7 May


2 June 12 June


16 May



(21)Unfortunately, the camera that overlooks 
 the outer part of the drainage basin (K1-
 300), where most monitoring and surveys 
 are carried out, was covered by a big snow 
 drift by mid-February. It did not melt free 
 until late June and can therefore not be 
 used for accessing the snow extent in 2008. 


Change of the setup has been planned for 
 2009. The central fen area was fully snow 
 covered on 5 May and completely snow 
 free on 28 May. The time of snow melt is 
 therefore estimated to have occurred be-
 tween 15 and 25 May.


  Another unexpected camera problem 
 was build-up of ice and snow on the 
 lenses of north facing cameras. The K3-500 
 camera had ice crystals covering the lens 
 for most of the winter until 30 April when 
 the first positive temperatures melted the 
 ice away.


  One of the tasks for 2009 is to collect 
 enough GPS positions for ortho-rectifica-


tion of camera images to allow for quan-
 titative analyses of the snow cover extent 
 throughout the year. Snow cover extent for 
 fall 2007 and entire 2008 will therefore be 
 reported in the coming annual reports.


Snow cover


The snow cover depth and snow densi-
 ties in the Kobbefjord drainage basin were 
 surveyed on 4 April, 10 April and 5 May 
 using a combination of ground penetra-
 ting radar and manual stake measure-
 ments. Snow depths varied from zero to 
 more than two meters at maximum snow 
 cover. Table 3.1 summarizes the depth 
 and density results from the three snow 
 pits and the cross section A on each of the 
 survey dates (figure 3.2). In cross section 
 A the deepest snow depths and densi-
 ties were located on the northeast facing 
 slopes near snow pit A2; the lower depths 
 and densities were found on the south-


04 April 2008 10 April 2008 05 May 2008


Depth
 (cm)


Density
 (kg m–3)


Water eq.


(mm)


Depth
 (cm)


Density
 (kg m–3)


Water eq.


(mm)


Depth
 (cm)


Density
 (kg m–3)


Water eq.


(mm)


Snow pit A1 100 401 401 98 341 334 60 409 245


Snow pit A2 165 410 677 175 453 793 85 407 346


Snow pit A3 80 358 286 40 336 134 0 0 0


Cross section A 95 390 370 85 377 320 53 408 216


Table 3.1 Snow density and water equivalence of snow package at the four snow survey locations. The snow survey was carried out three times 
 during the melting season.


Micro met. 1000 m


Snow pit A3


Snow pit
 A2


Snow pit A1
 Cross


section A


Soil Station
 Empetrum Salix
 Soil Station Empetrum


Soil Station
 Fen


Micro met.


500 m


Figure 3.2 Location of 
snow transect, snow pits, 
soil stations and the mi-
crometeorological station 
at 500 m a.s.l.



(22)west facing slopes near snow pit A3. This 
 general pattern is mainly controlled by 
 microclimate and small scale topography 
 variations resulting in very heterogene-
 ous snow cover conditions that changes 
 within a few meters. Between the first two 
 surveys in April, the snow pack volume 
 generally decreased with rising snow 
 densities in shaded terrain (A2) and de-
 creasing densities in sites exposed to the 
 sun (A1, A3). Precipitation resulted in a 14 
 mm increase of snow depth between the 
 first two surveys. Snow profiles from April 
 were generally dense with many ice layers 
 in the top part and coarse grained ice cry-
 stals near the bottom. On 5 May, the snow 
 cover water equivalent in cross section A 
 was in average reduced by 154 mm since 
 4 April and the snow temperatures were 
 isothermal (0 °C) in all profiles (table 3.2).


Ice cover


The ice cover on the lakes broke up in late 
 May/beginning of June in 2008 (table 3.3). 


The smaller lake Langsø in the sheltered 
 bottom of the main valley melted first; fol-
 lowed by Badesø two days later and the 
 higher situated Qassi-sø a week later. The 
 dates reported are the visually estimated 
 dates for 50 % ice cover based on photos 
 from the automatic cameras. Dates for the 
 perennial formation of ice are also esti-
 mated. In 2008, thin ice formed early but 
 disappeared again after a few days and 
 therefore only the ‘perennial’ ice is repor-
 ted here. Sea ice cover in Kobbefjord forms 
 later but timing was difficult to estimate in 
 2007 due to ice on the camera lenses.


Micrometeorology 


GeoBasis operates three micrometeoro-
 logical stations in the area; SoilFen at 
 40 m a.s.l., M500 at approximately 550 
 m a.s.l. and M1000 at 1000 m a.s.l. The 
 first two were installed in August 2007 
 (Tamstorf et al. 2008), while M1000 was 
 installed on 4 September 2008 (figure 
 3.3). The new station is identical to M500 
 and includes air temperature, relative 
 humidity, incoming short wave radiation 
 and surface temperature. The purpose of 
 the three stations is to monitor dynamics 
 within the atmospheric boundary layer 
 (e.g. temperature inversions). An example 
 from September 2008 where all three sy-
 stems were installed is shown in figure 
 3.4. During this period there were only 
 few occasions with inversion (tempera-
 ture rise with altitude). 


  The SoilFen station was installed in 
 August 2007 and monitored successfully 
 through the fall and winter. Unfortunately, 
 due to very high levels of melt water in the 
 snow pack at the fen site during spring melt, 
 the data logger was flooded (figure 3.5) and 
 all data after from 18 March and onwards 
 were lost. The station was repaired in late 
 August and the setup was changed to pre-
 vent future flooding. Summary of the data 
 until September 2008 from the SoilFen, the 
 M500 and the M1000 stations are given in 
 tables 3.4, 3.5 and 3.6, respectively.



3.2  Soil


Soil water chemistry is likely to be affected 
 by physical and chemical changes in the 
 environment and also to have important 
 effects on the ecosystem processes. In 
 order to monitor such changes in the envi-
 ronment, the chemical composition of pre-
 cipitation and soil water is monitored. By 


Depth
 (cm)


4 April
 (°C)


10 April
 (°C)


5 May
 (°C)


–20 –1.5 –2.9 0.1


–40 –2.0 –1.9 0.1


–60 –1.9 –1.7 0.1


–80 –1.8 –1.5 0.1


–100 –2.0 –0.5 0.1


–120 –1.5 –0.8 ---


–140 –1.5 –1.0 ---


–160 –1.5 –1.3 ---


Table 3.2 Snow temperatures from snow pit A2 at the 
 three snow surveys.


2007
 Fall


2008
 Spring


2008
 Fall


Badesø 23 Oct 2 June 5 Nov


Langsø 22 Oct 31 May 5 Nov


Qassi-sø 22 Oct 9 June 4 Nov


Kobbefjord Between 27 Dec 
 and 12 Feb*


15 May –


Table 3.3 Visually estimated dates for 50% ice cover on selected lakes within the Kob-
befjord drainage basin and Kobbefjord. Dates are reported for perennial formation of 
ice cover in the fall and for the break-up of ice cover in spring. Badesø is the main lake 
in the area, Langsø is the long lake in the valley behind Badesø and Qassi-sø is the 
lake at 250 m a.s.l. in the northern valley of the drainage basin. *Due to low cloud 
cover and ice formation on the cameras it has not been possible to estimate the exact 
data of ice formation on Kobbefjord in 2007.
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