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Abstract

The regional hydrography in summer 2010 is presented and discussed bas¢a on da
from standard sections along the west coast of Greenland and datadettigag trawl
surveys.

In winter 2009/10, the North Atlantic Oscillation (NAO) index wasceptionally
negative describing weakening westerlies over the North Atlatiean. Often this
results in warmer conditions over the West Greenland region. Thengderature was
much higher than normal during winter — especially over the southefim Bafy. The
annual air temperatures was even more extreme with recordemgietature anomaly
at Nuuk almost exceeding the existing record twice.

The general settings in the region have traditionally been presetitte offset in the
hydrography observed over the Fylla Bank. Here, time series of midtdunperatures

on top of Fylla Bank show temperatures 0.5°C above average conditions in 2010 but
with low salinities. At the southern sections on top of the shelf a thick lomegadol of

Polar Water was observed from Cape Farewell to Maniitsoq andesser degree on

top of Fylla Bank suggesting above normal presence of Polar Watireasouthern
sections.

The presence of Irminger Water in the West Greenland watsshigh in 2010. Pure
Irminger Water (waters of Atlantic origin) could be traced maot the Sisimiut section.
The mean (400-600 m) temperature west of Fylla Bank (st.4) was rigthe salinity
record high. For the same depth interval at Maniitsoq (st.5) andi&igist.5), the
salinities were the second highest observed yet with very high temperature.

In the Disko Bay off llulissat (st.3), the bottomniperature and salinity has decreased
since 2009 to only about average, but still geheeddove values before mid-1990. This
was surprising as high salinities and temperatwere observed further south off West
Greenland.



Introduction to the west Greenland oceanography

This report describe the hydrographic conditions in West GreenlandsAiat@010
from Cape Farewell in the southeastern Labrador Sea northward toaMiein the
Western Baffin Bay (Figure 1). After describing data and methibes atmospheric
conditions are described and then the oceanographic conditions.

The ocean currents around Greenland are part of the cyclonic subypelairgulation
of the North Atlantic and the Arctic region. The bottom topography @aysnportant
role for guiding the circulation and for the distributing the watasses. Consequently,
the strongest currents are found over the continental slope.
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Figure 1. Position of the oceanographic sections off West Greenlamd measurements were

preformed in 2010. Contours shown for water depths in colours. Map produced usixy Oc
Data View (Schlitzer, 2007).

The surface circulation off West Greenland is dominated by the wgoitlg West
Greenland Current. It is primarily composed of cold low-saline R¥ter (PW) of the
Arctic region and the temperate saline Irminger Water @#the Atlantic Ocean. At
intermediate depths Labrador Sea Water is found, and at the bottorfowvesiter
from the Nordic Seas are found near the bottom. Only the circulatighei upper
~900m will be handled in this report.

The water mass characteristics in the West Greenland Careefdrmed in the western
Irminger Basin where the East Greenland Current and the Irm@weent meets and
flowing southward side by side. As they round Cape Farewell thaubtfugts the PW
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(Figure 2b) forming the West Greenland Current (WGC). Thesa watsses gradually
mix along West Greenland, but IW can be traced all along the gpdstthe northern
parts of Baffin Bay (Buch, 1990). At Cape Farewell IW is found 88@&-800 m thick
layer over the continental slope with a core at about 200-300 m depth. Thett
core gradually decreases from east to west as seen in Riumhereas the depth
gradually increases from south to north to below 400 m in the northers Bawit and

Baffin Bay.
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Figure 2. Mean upper-layer salinity sections for the period 1990-1997. Toatidroof the
two sections. Isobaths shown: 1000, 2000 and 3000 m. Lower left: Eastern LaBaaduor

Lower right: Western Irminger Basin. From Pickart et al. (2002).

Over the fishing banks off West Greenland a mixture of IW and PWirdoes, as
sketched in Figure 3. PW is continuously diluted by freshwater runroffi fthe
numerous fjord systems. As the WGC reaches the latitude of Bghé it branches.
The main component turns westward and joins the Labrador Current onrthdida
side, while the other component continues northward through Davis Strait.
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Figure 3. Sketch of the water masses off West Greenland iDdkis Strait region. From
Valeur et al. (1997).
The tidal signal is significant. At West Greenland the strangésl signal is located
close to Nuuk at 64°N. The tides are primarily semidiurnal witlgeladifference
between neap and spring (1.5 m versus 4.6 m at Nuuk, Buch, 2002). The interaction
between the complicated topography and the strong tidal currentsige/és a residual
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anticyclonic circulation around the banks in the Davis Strait dRéaefgaard et al.,
2004).

Sea-ice is important in Greenlandic Waters. The West Greerdegal is mainly
dominated by 2 types of sea-ice. “Storis” is multi year ie@dported from the Arctic
Ocean through Fram Strait by the East Greenland Current to GapedH, where it
continues northward by the West Greenland Current. “Vesticesisyiar ice formed
in the Baffin Bay, Davis Strait, and western part of the Labrador Sea during winter.



1. Measurements

The 2010 cruise was carried out according to the agreement betwe&rdenland
Institute of Natural Resources (GINR) and Danish Metegioal Institute (DMI) during

the period June 04-24, 2010 onboard the Danish naval ship “I/K TULIGAQ".
Observations were carried out on the following standard stations (Figure 1):

Offshore Labrador Sea/Davis Strait:
Cape Farewell St. 1-4
Cape Desolation St. 1-5
Paamiut (Frederikshaab) St. 1-5
Fylla Bank St. 1-5
Maniitsoq (Sukkertoppen) St. 1-5
Sisimiut (Holsteinsborg) St. 1-5

Additional stations on the Fylla Bank section:
Fylla Bank St. 1.5, 2.5, 3.5

On each station the vertical distributions of temperature andtgalias measured from
surface to bottom, except on stations with depths greater than 900 me whe
approximately 900 m was the maximum depth of observation.

Sea-ice was only present in small concentrations during the ctiifiee southern
sections (Figure 5). Unfortunately, due to the weather conditions in catidn with
limited time allocated, the Cape Farewell station 5 was skidpeaddition, planned
flord measurements in Godthaabfjord and fjords south of Sisimiut \aapeked due to
ship-logistic reasons.

During the period June 13 — July 10, 2010 the Greenland Institute of Nats@liRes
carried out trawl survey from Sisimiut to the Disko Bay ama farther North onboard
“‘R/V PAAMIUT”. During this survey CTD measurements wereriga out on the
following standard stations (Figure 1):

Offshore Davis Strait/Baffin Bay:

- Sisimiut (Holsteinsborg) St. 1-5
Aasiaat (Egedesminde) St. 1-7
Kangerluk (Disko fjord) St. 1-4
Nuussuaq St. 1-5
Upernavik St. 1-5

Disko Bay:
- Qegertarsuag—Aasiaat (Godhavn—-Egedesminde) St. 1, 34

Skansen—Akunaq St. 1-4

llulissat (Skansen—Jakobshavn) St. 1-3

Appat (Arveprinsens Ejlande) St. 1-3

2. Data handling

Measurements of the vertical distribution of temperature and tgalieire carried out
using a SEABIRD SBE 9-01 CTD. On the Paamiut cruise a SEABBB 25plus was
used. All sensors were newly calibrated in 2010.



For the purpose of calibration of the salinity measurements of The ®@ater samples
were taken at great depth on stations with depths greater than 30@ mater samples
were after the cruise analysed on a Guildline Portosal 8410 salinometer.

The CTD data were analysed using SBE Data Processing version so8Ware

provided by SEABIRD (www.seabird.com). Onboard the SBE 9-01 data was uploade
using term17 in SEASOFT version 4.249 (for DOS) provided by SEABIRD. For
uploading SBE 25plus data, the SEABIRD program Seasave (for windows) was used.

All quality-controlled data are stored at the Danish Meteorolbgriséitute from where
copies have been sent to ICES. Data are also stored at Greerdtatudel of Natural
Resources who are the owner of the data.

Some of the CTD profiles taken by the SBE 9-01 showed oscillatingyioeihdorming
spurious peaksF(gure 4). The reason for the peaks are at present unknown, but the
conductivity sensor might be unstable. Due to the tight time scheteleruise was
continued using the instrument, as the profiles looks fairly ok disregarding thegmebks
therefore there was hope that the errors could be correctedhafteruise. With this
decision more stations were taken, however with a poorer result.
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Figure 4. Example of the peak removing procedure on salinity measuisefor Cape Farewell
st. 3. a) Raw CTD downcast salinity as seen after extragétagfrom the CTD and removing
measurements. b) Raw data after removing local peaks. aeérlinterpolation fills the gabs.
d) Standard Seabird processing procedure using SBE Data processiages e) Interpolate
data to 1 dbar in the vertical using SBE Data processing software. Gahlaeg also done, but

can't be seen on the scaling in this figure.
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The peaks were after the cruise removed from the raw tireedsgiore the actual data
processing and calibration was started. An example of the procedsirewn in Figure
4. Initial, the local peaks were found using a fixed time window fdinitg a local
peak and data around the peaks are marked bad. Then a linear interpsldtoa pn
the timeseries to replace these bad data. The interpolation turtes lmeitnecessary in
order not to remove too much information for successfully results bpltbeving SBE
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data processing procedures. After the peak removal and interpolatigmofies were
quality-controlled and calibrated similar to the rest of the profiles.

The following 11 CTD profiles did undergo the “peak removal procedure’ridesc
above for salinity:

Cape Farewell St. 1-4
Maniitsoq (Sukkertoppen) St. 1, 5
Sisimiut (Holsteinsborg) St. 1-5

The resulting profiles are obvious not as accurate as the rebe gfrofiles. Data
interpolated to 1 dbar in the vertical still makes small osighafluctuations with a
maximal amplitude of about 0.002-0.003. However if data is not needed in 1 dbar
resolution a simple running mean filter can remove major part of the fluctuations.

-

‘1 S5 507 45]W 407w 3P 3w 28°\W
@ Greenland Ice Chart
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e = oeve Danish Meleorological Inslitule Valid: 09 June 2010, 12:00 UTC Polar View

Figure 5. Distribution of sea ice in Greenland Waters valid fod08e 2010. Note: The “S”-
signs denotes bands of sea-ice within open water, which can be found hgutasa°N off
West Greenland for this specific time. This indicates recent retread-idesavithin the area.
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3. Atmospheric conditions in 2010

The North Atlantic marine climate is to some exteoatrolled by the so-called North
Atlantic Oscillation (NAO), which is a measure bétstrength of the westerlies driven by
the pressure difference between the Azores Hightlamdiceland Low pressure cells. We
use wintertime (December—March) sea level pressure (SLeyatite between Ponta
Delgada, Azores, and Reykjavik, Iceland, and subtract the mean Sereniti for the
period 1961-1990 to construct the NAO anomaly. The winter NAO indergdwinter
2009/10 was significant negativ&Figure 2) with the second lowest pressure diffeee
observed during the 146 year timeseries.

The Icelandic Low and Azores High was absent dutivegwinter months (December—
Marts, Figure 7). Instead the minimum pressuresewabserved south of Greenland
centred off Nova Scotia about 1000 km south of Gggrewell. This is on the lattice in
the middle of Iceland and the Azores resultingrioraaly high pressure over Iceland and
anomaly low pressure over the Azo(Bgyure 8) Thereby the pressure difference between
Iceland and the Azores were notable reduced tostlz@vo.

The pressure difference has the effect that thenalowesterlies over the North Atlantic
Ocean was absent (Figure 10) with anoma&aisds towards west across the North
Atlantic Ocean (Figure 10) which is just the opposif a year with “normal westerlies” .
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Figure 6. Time series of winter (December—March) index of theONfom 1865/1866—
2009/2010. The heavy solid line represents the NAO index smoothed witlear Beyning

mean filter to remove fluctuations with periods less than 3 ydarthe figure the winter
1865/1866 is labelled 1866 etc.. The mean and standard deviation is 0.76 £ 7.5 hPa. The
2009/2010 value is -19.2 hPa. Data updated, as described in Buch et al. (2004), from
http://ww.cru.uea.ac.uk/cru/data/nao.htm.

West Greenland lies within the area which normekperiences warm conditions when
the NAO index is negative. During winter 2009/10e tmean temperature was above
normal for most of the western North Atlantic regimcluding the waters surrounding

Greenland and cold in northern Europe. Remarkattipe anomalies were found over
the Baffin Bay and Davis Strait with anomalies ad8&9C (Figure 11). In Nuuk the mean
winter air temperature (DJFM) was the highest olesbin the 136 year long timeserie
(Figure 12). The remarkable warming over the wadiarth Atlantic region centred over

Davis Strait were even more pronounced on an anbasis. The mean annual air

The NAO index using December February was digghly negative.
Anomaly defined as the difference from normalditions relative to the period 1968-1996.
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temperature in 2010 was more than 2°C above ncaineand Greenland and even more
than 4°C above the Davis Strait and Baffin Bay wiihest anomaly above 6°C (Figure
13). For NuuR, the annual air temperature in 2010 was 4.36°@ealnormal which is
almost a doubling of the existing record on the y&4 long timeseries! (Figure 14).

Figure 7. Winter (DJFM) sea level pressure for 2008i1ie North Atlantic region.
NCEP/NCAR re-analysi€rom http://www.esrl.noaa.gov/psd/

NCEP/NCAR Reanalysis
Sea Level Pressure (mb) Composite Anomaly 1968—1996 climo

NOAA/ESRL Physical Sciences Division

Dec to Mar: 2010 to 2010

- T T T T T T T T T
-8 -6 -4 -2 4] 2 4 6 8

Figure 8. Winter (DJFM) sea level pressure anomalhy2G99/10 in the North Atlantic region.
NCEP/NCAR re-analysifrom http://www.esrl.noaa.gov/psd/).

® Nuuk temperature for October 2007 and NovembeB2@ds taken from the Nuuk airport synop station
04254 due to failure on the instrument on synopicst®4250 (Nuuk) for more than half of the months.
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Figure 9. Winter (DJFM) wind for 2009/10 in the North Atlantic regiol€B¥/NCAR re-
analysig(from http://www.esrl.noaa.gov/psd/

Figure 10. Winter (DJFM) wind anomaly for 2009/10 in the North Atlanggion.
NCEP/NCAR re-analysidrom http://www.esrl.noaa.gov/psd/).

-11 -



Figure 11. Winter (DJFM) mean air temperature anomaly for 200&/1Bei North Atlantic
region. NCEP/NCAR re-analysfrom http://www.esrl.noaa.gov/psd/).

Figure 12. Winter (DJFM) mean air temperature observed at NuiK asiilaq for the period
1874-2010. The mean and standard deviation for the whole timeseries is -7.9 + 2.3 °C for Nuuk
and -7.0 £ 1.8 °C for Tasiilag. Values for 2010 are respectively -2.52 °C and -3.88 °C.
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Figure 13. Anomalies of the annual mean air temperature for 2010 Nottte Atlantic region.
NCEP/NCAR re-analysis (from http://www.esrl.noaa.gov/psd/). Maximum temperature
anomaly exceed 6°C over western Davis Strait / southeastern Baffin Island.

Figure 14. Annual mean air temperature observed at Nuuk and Tdeiil#tte period 1873—
2010. The mean and standard deviation is -1.64 + 1.25 °C for Nuuk and -1.11 + 1d)0 °C f
Tasiilag. Values for 2010 are respectively 2.63 °C and 1.00 °C. Nuuk ratmmefor October
2007 and November 2008 was taken from the Nuuk airport synop station 04254 daiure a

on the instrument (Nuuk synop 04250) for more than half of the respective months.
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4. Oceanographic conditions off West Greenland in(®L0

Sea surface temperatures in West Greenland often follow thake air temperatures,
major exceptions are years with great salinity anomalieg/e&s with extraordinary
presence of Polar Water. In 2010 the mean temperature (2.32°C) on tdlp &aKk in

the middle of June was 0.5°C above normal conditions but not as extréondhasair
temperature (Figure 15 arihble ). However, the mean salinity (33.26) was below
normal suggesting higher than normal presence of Polar Water whgtit explain

why sea surface temperatures on top of Fylla Bank was not among the highest in 2010.

Figure 15. Timeseries of mean temperature (top) and salinityofbptin top of Fylla Bank
(Station 2, 0—40 m) in the middle of June for the period 1950-2010. The red ctiveeSigear
running mean value. Statistics is shown in Table 1. The timeskmieemperature (top,
magenta/purple) is extended back to 1876 using Smed-data for aream&t,(1978). See
Ribergaard et al. (2008) for details.

Table 1. Statistics for potential temperature and salinityaFglink st. 2. The timeseries are
corrected for annual variations in order to get the temperatunmidrlune. Means are
calculated on the full timeseries using all years with measents. Smed data are not included
for the statistics.

Fylla Bank| Temperature [°C] Salinity 2010
St. 2 Mean = std Mean * std Tpot S
040 m 1.80 + 0.75°C 33.41 + 0.2@.32°C| 33.26

A vertical section of salinity, temperature and density overhlib# B8om Cape Farewell
to Sisimiut is shown in Figure 26. Polar Water is found in the upper rLQJ to
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Paamiut with salinities below 33.4 and cold (<1°C) sub-surface tetapesaAt Fylla
Bank the salinities has increased due to mixing but the salertgins quite low. This
quite thick and low saline layer of Polar Water indicating above alopresence of
Polar Water on the southern sections despite below normal semdiéans during the
cruise and only a narrow band of sea-ice off the southeast coast of Greenland (Figure 5).

However, west of Fylla Bank (st. 4, Figure 18 and Table 2) in the ddptival 50-150

m where the core of Polar Water is found, the salinity was about averaggrbhigher
than normal temperature. Further north at Maniitsoq st.5 @id9; Table 3) and
Sisimiut st.5 (Figure 20, Table 4), both the salinitied semperatures was above normal
in 50—-150 m depth, indicating that above normal presence of Polar Watkmited to
the southern sections south of Maniitsoq.

Figure 16. Surface salinity (left) and temperature (right) observed in 2010. Bhardatll from
June expect the three northern offshore sections (Disko Fjord/Kangéhwssuaqg, and
Upernavik) which are taken in early July.

The surface temperatures and salinities observedgdthe 2010 cruise are shown in
Figure 16. The cold and low salinity conditions efved close to the coast off Southwest
Greenland reflect the Polar Water carried to trem @y the East Greenland Current.
During the present cruise it can easily be tragedouFylla Bank on its low salinity
whereas water of Atlantic origin (T3@; S>34.5) is found from Cape Farewell to Paamiut
section at the surface.
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In the Baffin Bay the highest salinities reflect the cor¢hef West Greenland Current,
which is slightly modified by Atlantic Water. In the Disko Balyetlow surface
salinities, generally below 33, originate from the large outlatigrs but also from
melting of sea-ice during summer forming a 20-30 m thin surfaee. |&ythin low-
saline surface layer is also observed in the Baffin Bay ouBidko Bay properly
formed by melting of sea-ice. Due to solar heating these thirceueigers are relatively
warm. The strong halocline acts as an effective isolator andbthehe subsurface
waters remain considerable colder (Figure 17). The coldest wdit@sobserved in the
subsurface of the Baffin Bay are likely the remains of pastens cooling, where
formation of sea-ice ejects enough salt to overcome the shalldaceunalocline
formed during summer by melting of sea-ice and afimef fresh water from land. A
major part of this subsurface water is likely cold Polar Waten the Baffin Current
originating from the Arctic Ocean through the Canadian Archipelagsuggested by
Tang et al (2004). The upper part of this water is easily recegjmizFigure 17 and in
its core in Figure 22.

Figure 17. As Figure 16, but for 35 m depth.

At intermediate depths water of Atlantic origin forms a layer with maxirsahmity and
temperature. Horizontal maps of salinity and temperature at deptiaafmal salinity
and maximal temperature is shown in Figure 23 and Figure 24. Aales@ction of
salinity, temperature and density over the shelf break from Cape/&lato Sisimiut is
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shown in Figure 25. The vertical distribution of temperature, salamty density at
sections along the West Greenland coastline is shown in FigureR2gure 37 and
within the Disko Bay in Figure 38 — Figure 41.

Pure Irminger Water (T 4.5°C; S 34.95) was traced north to the Sisimiut section.
Modified Irminger Water (T 3.5°C ; 34.88 S < 34.95) was observed all the way north
to Sisimiut section. The northward extension of Irming&ter may indicate intensified
inflow of water of Atlantic origin to the West Grdand area.

Figure 18. Timeseries of mean June-July temperature (top) aniys@dottom) for the period
1950-2010 averaged in four different depth intervals west of Fylla Bstk) over the
continental slope. Thick curves are the 3 year running mean values. Nobatige in scales at
34.75 for salinity. Statistics are shown in Table 2.

Table 2. Statistics for potential temperature and salinity at Fylla Badkamnd values for 2010.

Fylla Bank | Temperature [°C]  Salinity 2010 \
St.4 Mean = std Mean = std Tpot S
0-50 m 1.85+0.85°C  33.21 + 0.331..83°C| 33.36
50-150 m 1.04 + 0.84°C  33.63 + 0.261.67°C| 33.61
150400 m| 2.61+0.86°C 34.29+0.18.12°C| 34.61
400600 m| 4.19+0.57°C 34.82+0.081.93°C| 34.96

The average salinity and temperature at 400—600 m degsthof Fylla Bank (st. 4), which

is where the core of the Irminger Water normallyasnd, is shown in Figure 18 (red
curves). The average salinity (34.96) of this layas the highest observed yet and the
temperature (4.93°C) was the fifth highest obser{eable 2). This indicate, that the
presence of Irminger Water in 2010 was high contgbaraormal.
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Similar timeseries west of the banks further nattiManiitsoq st.5 (Figure 19, Table 3)
and Sisimiut st.5 (Figure 20, Table 4) confirmstitme Irminger Water component of the
West Greenland Current still brings considerablewm of heat and salt to the area in
2010. Temperatures and salinities measured in 4WOr6was high at both Sisimiut and
Maniitsog. Indeed the salinities were the second Bighieserved yet on these stations and
the temperatures among the five highest. Howewaitrary to the Fylla Bank st.4 (Figure
18), Maniitsoq st.5 and Sisimiut st.5 are only fagumeasured since 1970, while the
former “warm period” in the 1950s—-1960s was onlgragdically measured. Consequently
the statistical means are less certain.

In 2007-2009 the bottom salinities and temperatimréd®0—-600 m at Maniitsoq st.5 and
Sisimiut st.5 was higher than observed furthertsatitFylla Bank st.4 (Ribergaard et al.,
2008 and Ribergaard, 2009, 2010). This was notése in 2010 confirming the high
presence of Irminger Water in June 2010.

Surprisingly, the bottom temperature and salinitghiv the Disko Bay just outside
llulissat ("Jakobshavn”) at Skansen-llulissat $t2% decreased and are now at about the
mean values for the relatively short timeseriesydwer still generally higher than before
mid-1990. This was not expected as the salinities tamperatures further south were
high.

At the Aasiaat (Egedesminde) section and furthehrto the Upernavik section a distinct
Polar Water core was absent. Instead a colder lagerfound with temperatures below
1°C (below -1°C in its core) with its center at ab@5 m depth which is likely winter
cooled Polar Water from the Baffin Current as desd above. Below this cold
subsurface layer, a relative warm (> 3°C) waterswaas found below 150-200 m. This
water is the extension of the Irminger Water compooéthe West Greenland Current.

Noticeably, since the early 2000s, the mean salinityemgerature of the Irminger Water
at 400-600 m depth west of Fylla Bank (Figure 18) ¥®ulopbanke” (Figure 19) and
“Store Hellefiskebanke” (Figure 20) has increasductv may indicate increased strength
of the Irminger Current as suggested by Ribergé2084). Similar findings was reported
by Myers et al. (2007, 2009) and Stein (2005) whiwky linked to the North Atlantic
subpolar gyre circulation (Hatun et al., 2005). Blatprisingly, similar increase in salinity
and temperature are observed in the Atlantic Waténe eastern North Atlantic and the
Nordic Seas (Holliday et al., 2008), suggesting tha recent changes in the Irminger
Water property is an outcome of changes in theuleition in the North Atlantic subpolar
gyre circulation.

For a more comprehensive study of the hydrograptmalitions off West Greenland, the

reader is recommended to the work done by Mye&d. €2009, 2007). Here calculations

of volume, heat and fresh water transport for tlsethern sections are given for the time
period up to 2008.
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Conclusions

Atmospheric and oceanographic conditions off WasteGland during the summer 2010
were characterised by:

Negative NAO index resulting in weakening westerl@ger the North Atlantic.

Indeed the westerlies were absent in average dwiittgr 2009/10.

Winter air temperatures over Greenland waters wasner than normal — especially

over the Baffin Bay / Davis Strait where temperatanomalies exceed 8°C. Similar

extreme anomalies are seen on an annual basis exgeEd over the Baffin Bay /

Davis Strait with extremes above 6°C.

Mean annual and mean winter air temperature in Nuag the highest observed yet.

The annual anomaly record (4.3°C) almost doublexiging record.

Winter air temperatures over the Northern Europs wa@der than normal consistent

with low NAO.

Water temperature on top of Fylla Bank was 0.5°Qvataverage in June whereas the

salinity was lower than normal.

Above normal presence of Polar Water on the sonitbections and high presence of

Irminger Water indicated by:

- Thick layer (~100m) of low saline water on top loé tshelf from Cape Farewell to
Paamiut and low salinities on top of Fylla Bank.

- Despite of record high air temperatures, water tFatpre on top of Fylla Bank in
June was only above average but far from record. Insteaalthigy observed was
low.

- Above average temperature and salinities in the 50-186ptih west of Hellefiske
Banke (Maniitsoq and Sisimiut st.5) indicating Hi®mve presence of Polar Water
was limited to the southern sections.

- Pure Irminger Water was observed on all sectiom f@ape Farewell to Sisimiut.

- West of Fyllas Bank (st.4) the mean temperature in 4@#68epth was high and
the salinity record high.

- West of “Sukkertop Banke” and “Store Hellefiskebahk the observed
temperatures were among the highest observed ir6000m depth and the
salinities the second highest observed.

- However: Though still generally higher than before-4880s, only about average
bottom temperature and salinity observed withinDiieko Bay off llulissat after
years with high values. This was surprising as kéghperatures and salinities was
observed further south.
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Figure 19. Timeseries of mean temperature (top) and mean sdboitypym) for the period
1946-2010 in four different depth intervals west of “Sukkertop Banke” (kdaqji st.5) over
the continental slope. The thick curves are the 3 year running rakasvNote the change in
scales at 34.75 for salinity. Statistics is shown in Table 3.

Table 3. Statistics for potential temperature and salinityaiitéoq (Sukkertoppen) st. 5. and
values for 2010.

Maniitsoq | Temperature [°C] Salinity 2010 \
St.5 Mean = std Mean =* std Tpot S
050 m 2.54 + 0.98°C 33.50 + 0.23.35°C| 33.75

50-150 m 1.32 £ 0.87°C 33.88 £ 0.12.32°C| 33.99
150400 m 3.13+0.70°C 34.52 +0.131.17°C| 34.65
400-600 m 4.20 + 0.38°C 34.86 + 0.031.67°C| 34.94
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Figure 20. Timeseries of mean temperature (top) and mean sdboitypym) for the period
1946-2010 in four different depth intervals west of “Store Hellefiskedfa(tisimiut, st.5)

over the continental slope. The thick curves are the 3 year runréag walues. Note the
change in scales at 34.75 for salinity. Statistics is shown in Table 4.

Table 4. Statistics for potential temperature and salinityisiniit (Holsteinsborg) st. 5. and
values for 2010.

Sisimiut | Temperature [°C]  Salinity 2010 |
St.5 Mean + std Mean * std Tpot S
050 m 1.72 £ 1.44°C 33.47 £ 0.313.57°C 33.76

50-150 m 1.01 £0.91°C  33.90+0.19247°C| 34.11
150400 m 2.73+0.91°C 34.45+0.164.32°C| 34.71
400-600 m 3.92+0.62°C | 34.76 £0.094.77°C| 34.92
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Figure 21. Timeseries of mean temperature (top) and mean sdboitpym) for the period

1980-2010 in four different depth intervals west of “Jakobshavn-Skansaligggit-Skansen)

st.3 in the Disko Bay close to Jakobshavn Isbrae. The thick cuvélea3 year running mean
values. Note the change in scales at 33.9 for salinity. Statistics is shownemTabl

Table 5. Statistics for potential temperature and salinityluisdat-Skansen (Jakobshavn-
Skansen) st. 3. and values for 2010.

llulissat | Temperature [°C] Salinity 2010
St.3 Mean = std Mean * std Tpot S
0-50 m 1.31 + 0.93°C 32.98 £ 0.271.11°C | 33.04
50-150 m 1.02 + 0.78°C 33.68 £ 0.110.64°C| 33.79
150400 m 1.77 + 0.65°C 34.08 £ 0.091.79°C| 34.15
300 m 2.25 + 0.65°C 34.21 + 0.082.08°C| 34.20
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Figure 22. Salinity (left) and temperature (right) observed in ZQlihe depth of minimum

temperature (disregarding the upper 35 meters). The data drenalJune expect the three
northern offshore sections (Disko Fjord/Kangerluk, Nuussuaq, and Upermdnit) are taken

in early July.
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Figure 23. Salinity (left) and temperature (right) observed in 2Q1ibe depth of maximum
temperature (disregarding the upper 35 meters). The data drenalJune expect the three
northern offshore sections (Disko Fjord/Kangerluk, Nuussuaq, and Upermdiit) are taken

in early July.
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Figure 24. Salinity (left) and temperature (right) observed in 2Q1ibe depth of maximum
salinity (disregarding the upper 35 meters). The data areall June expect the three northern
offshore sections (Disko Fjord/Kangerluk, Nuussuag, and Upernavik) wahéctaken in early

July.
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Figure 25. Vertical distribution of temperature, séfiand density over the continental shelf breaknffdape Farewell to Sisimiut, June 04—23, 2010.
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Figure 26. Vertical distribution of temperature, s&jimnd density over the shelf banks from Cape Faltew Sisimiut, June 04—24, 2010.
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Figure 27. Vertical distribution of temperature, s&jimnd density at the Cape Farewell section, JUre& 2010.
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Figure 28. Vertical distribution of temperature, s@iaind density at the Cape Desolation section, 06r86, 2010
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Figure 29. Vertical distribution of temperature, s&imind density at the Paamiut (Frederikshaab)asgciune 05, 2010.
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Figure 30. Vertical distribution of temperature, salinity and density at tha Bghk section, June 04, 2010. Three intermediate stations were taken too.
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Figure 31. Vertical distribution of temperature, sajiahd density at the Maniitsoq (Sukkertoppen) sactiune 23-24, 2010.
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Figure 32. Vertical distribution of temperature, saliaitid density at the Sisimiut (Holsteinsborg) segtlune 23, 2010.
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Figure 33. Vertical distribution of temperature, saliait density at the Sisimiut (Holsteinsborg) segtiune 13-14, 2010.
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Figure 34. Vertical distribution of temperature, salinity and density at tha#®g&gedesminde) section, June 18, 2010.
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Figure 35. Vertical distribution of temperature, salimitd density at the Kangerluk (Disko Fjord) sectibiy 08-10, 2010.
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Figure 36. Vertical distribution of temperature, saliait density at the Nuussuaq section, July 03@K).2
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Figure 37. Vertical distribution of temperature, saliity density at the Upernavik section, July 012020.
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Figure 38. Vertical distribution of temperature, saliaitid density at the Aasiaat—Qegertarsuaqg (EgeddsrBodhavn) section, June 21-22, 2010.
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Figure 39. Vertical distribution of temperature, salimityd density at the Skansen—Akunaq section, Jur2322010.
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Figure 40. Vertical distribution of temperature, salimity density at the Skansen—llulissat (Skansenbkdhken) section, June 26-27, 2010.
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Figure 41. Vertical distribution of temperature, salinity and density at the Appadprinsens Ejlande) section, June 27, 2010.
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