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Abstract

The regional hydrography in summer 2011 is presented and discussed bas¢éa on da
from standard sections along the west coast of Greenland and datadettigag trawl
surveys.

In winter 2010/11, the North Atlantic Oscillation (NAO) index wasaie@ describing
weakening westerlies over the North Atlantic Ocean. Often #sslts in warmer
conditions over the West Greenland region which was also the cabésfainter. The
air temperature was higher than normal during winter — especially over the Daitis S

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

on top of Fylla Bank show temperatures 0.4°C above average conditions in 2011 and the
salinity was 0.2 above average.

The presence of Irminger Water in the West Greenland watsshigh in 2011. Pure
Irminger Water (waters of Atlantic origin) could be traced north to the Magigsction
and modified Irminger Water further north to the Sisimiut sectitre mean (400-600
m) temperature and salinity was high over the Southwest GreentetioBseak. After
one single year of decrease (Ribergaard, 2011pdttem temperature and salinity off
llulissat (st.3) in the Disko Bay has increasediraga high values above values before
mid-1990.



I ntroduction to the west Greenland oceanogr aphy

This report describe the hydrographic conditions in West GreenlandsAiat@011
from Cape Farewell in the southeastern Labrador Sea northward toaMigein 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 2011. Map produced using Ocean Data View (Schlitzer, 2007).

The surface circulation off West Greenland is dominated by the goitiy West
Greenland Current. It is primarily composed of cold low-saline Réter (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 bottorfowvedter
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 Careefarmed in the western
Irminger Basin where the East Greenland Current and the Irm@wgeent meets and
flowing southward side by side. As they round Cape Farewell thaubtlusts the PW
(Figure 2b) forming the West Greenland Current (WGC). Thesa watsses gradually
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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 Labasdor
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 witlyeladifference
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
anticyclonic circulation around the banks in the Davis Strait dRéaefgaard et al.,
2004).
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Sea-ice is important in Greenlandic Waters. The West Greerdegal is mainly
dominated by 2 types of sea-ice. “Storis” is multi year ia@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.
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Figure 4. Position of the oceanographic stations around Sisimiut wheasurements were
preformed in 2011. See Figure 1 for position of all sections measured in 2011.
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Figure 5. Position of the oceanographic stations in Godthaabfjorden aadBaylk. In 2011
measurements were only preformed over Fylla Bank and st. 1-9 ifmdia arm” of the
Godthaabfjorden. The numbers reefer to standard station numbers as shbBigarén 43
Moreover some additional stations were taken in the channelofdst Fylla Bank. See

Figure 1for position of all sections measured in 2011.



1. M easurements

The 2011 cruise was carried out according to the agreement betwe&rdenland
Institute of Natural Resources (GINR) and Danish Metegioal Institute (DMI) during

the period June 28 — July 13, 2011 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. 1-5
» Cape Desolation St. 1-3
e 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:
* FyllaBank St. 1.5, 3.5

Additional stations on the Fylla Bank section:
» Sukkertop dyb: 3 extra stations
» Godthaab dyb: 2 extra stations

Additional stations inside Greenlandic fjords:
» Godthaabfjorden St. 1-9

Amerdlog St. 2, 4

Ikertoq St. 1, 4

Kangerdlussuaqg St. 1-3

Itivdleq St. 1-3

Some of the observations done will directly support ongoing projectsnwitie
Greenland Climate Research Centre (GCRC).

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 at the southern sections which did not havemffee ability
to conduct the stations but delayed the time to reach their positiogereg 6).
Unfortunately, due to the weather conditions in combination with limiteddifoeated,
the Cape Desolation station 4 and 5 was skipped. In addition, stationvilieqltfjord
south of Sisimiut was not measured due to technical reasons.

During the period June 15 — July 10, 2011 the Greenland Institute of Nags@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. 1-6, St. 6 (approximate) repeated after 22 days
» Kangerluk (Disko fjord) St. 1-4
* Nuussuaqg St. 1-5
* Upernavik St. 1-5



Disko Bay:
* Qegertarsuag—Aasiaat (Godhavn—Egedesminde) St. 1-4
» 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 tgalneire carried out
using a Seabird SBE 19plus CTD and replaced by a Seabird SBE 9-0@l\€ihD the
cruise due to failure on the instrument. The instruments were ldweéth a descent
rate of approximately 45 m/min but slower in the upper ~100m. On theiftaauise a
Seabird SBE 25plus was used. All sensors were newly calibrated in 2011.

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 sofWare
provided by Seabird (www.seabird.com). Onboard the SBE 9-01 data was uploaded
using term17 in Seasoft version 4.249 (for DOS) provided by Seabird. For umgjoadi
SBE 25plus and 19plus data, the Seabird program Seasave Ver. 1.59 (for windews
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.

2.1. Calibration and accuracy

For the purpose of calibration of the salinity measurements obtainge IGTD, water
samples were taken at great depth on stations with depths dheates00 m in water
masses which are to be expected to be relative stable in time due to a vidieksbra
A Niskin water sampler was mounted on the wire just above theatDt was closed
close to the bottom using a drop messenger with an expected fatl apeve 100
m/min. Due to the nature of the setup we do not know exactly at wimehtthe drop
messenger force the water sampler to close and additional teesaaple is taken a
few meters above the water intake of the CTD. However, the sasgdaken in water
masses which is to be expected to be very stable/weaklyfisttatiith a CTD
fluctuation of about +0.002, which is similar to the precession of the cowitiuct
sensor. The salinity measurement used is taken as the mean L€xemtred around
the expected time of water sampler closure.

For the “DMI” cruise water samples was taken on 9 statiors twib replicates on each
from the same Niskin water sampler.

Bottle salinities were measured using an Autosal Guildline 8410 hbertab
salinometer with a nominal precision of 0.003 in salinity. IAPSO standaawater
references were used purchased from OSIL (www.oscil.co.uk): BaRdit3,
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K15=0.99979, Practical Salinity 34.992 and to be used™dyi&ch 2014. The Autosal
salinometer was placed in stable temperature environment of ~21.59€ftaiodwarm

up 24 hours prior to standardization, zero calibration and analysis. Bath tenmperas

set to ~1% degrees above ambient temperature, 23 °C. The bottle samples weed anal
in one series half a year after the bottle samples wera.tdkeee flushes followed by
three readings were performed for each bottle and the mean d@weeheCTD salinity
and bottle salinities could be estimated with at precision of 0.002.

To our surprise, the replicates did not reproduce each other and &assugadpect for
the last "sample pair" the values measured from the firseltaltken in-situ was higher
than the second. A possible explanation could be, that the water sdiddisak at the
top cap. This will lead to a stratification within the sampésuits, as the water sampler
slowly entrain small quantities of less saline waters onrdicce As we tab water for
salinity bottles at the bottom of the Niskin water sampler, tlghdst salinities is
obtained on the first water tapped. Based on the former years libsafmm of the
SBE9-01, the offset is usually on the forth digit after comma, ahigervations higher
than CTD readings.

For the "R/V PAAMIUT” cruise water samples was taken on Xi@ts with two
replicates on each from the same Niskin water sampler. Ho\Belettles was broken

and 18 bottles remains. Bottle salinities were measured usingtasaAGuildline 8410
portable lab salinometer with a nominal precision of 0.003 in salinitg. Mean offset
between CTD and bottle data was 0.0063 +/- 0.0120 (CTD highest). The dtandar
deviation was high, but no obvious outliers were found. Expect of two bottlples

the salinities was fairly similar, which prevent us to deteema possible slope as a
function of salinity. It was decided not to correct the salinity.

For SBE 9-01, the nominal temperature sensor accuracy is +/- 0.001RCawi
instrument resolution of about 0.0001°C. The real accuracy is likelyr ibta the
nominal temperature accuracy judging the weak drift of the sensoedie calibrations.
Nominal sensor (pressure) accuracy is 0.015% of full scale (340@rmesponding to
about half a meter on maximal depth with a similar annual drift. The acdsrad01%
of full scale corresponding to a few centimeters.

For SBE 19plus, the nominal temperature sensor accuracy is +/- 0.008fGrw
instrument resolution of about 0.0002°C. The real accuracy is likelyr hbta the
nominal temperature accuracy judging the weak drift of the sensoedre calibrations.
Nominal sensor (pressure) accuracy is 0.02% of full scale (350@m&sponding to
about 0.7 meter for maximal depth with a similar annual drift. Tearacy is 0.0025%
of full scale corresponding to less than 10 centimeters.

For SBE 25, the nominal temperature sensor accuracy is +/- 0.001f @miistrument
resolution of about 0.0003°C. Nominal sensor (pressure) accuracy is 0.1%suffal
(2000 m) corresponding to about 20 meters on maximal depth. The accudai/5%o
of full scale corresponding to roughly 30 centimeters.



2.2. Data Processing

The CTD data were analysed using SBE Data Processing version sofiiare
provided by Seabird (www.seabird.com). A chain of standard processingweasls
used:

» Data Conversion: After calibration, raw data from the CTD (HEX format) are

» converted to engineering units including pressure, in situ temperature and salinity.

» Filter: Pressure readings are initially high pass filtered twoswayrder to smooth
high frequency data and to obtain a uniform descent history of the cast.

Filter: Temperature Conductivity/Salinity| Pressure
Instrument (seconds) (seconds) (seconds)
SBE 9-01 0.15
SBE 19plus 0.5 0.5 1.0
SBE 25 0.03 0.5

* Align CTD: Inherent misalignment time delay in sensor responses and tiamesit
delay in the pumped pluming line are corrected by advancing the mmaasise
relative to pressure. By alignment, measurements refer to garcel of water and
the procedure eliminated artificial spikes in the calculatedlpsofispecially in steep
gradients.

Align CTD: Temperature Conductivity/Salinity| Oxygen
relative to pressure relative to pressure | relative to pressure
Instrument (seconds) (seconds) (seconds)
SBE 9-01 0.073
SBE 19plus 0.5 7.0
SBE 25 0.1 7.0

* Loop Edit: The tool removes scans with slow descent rate or reversplesaure.
Minimum descent rate is chosen between 0.1 and 0.2 m/s.

« Derive andBin Average: A number of derived parameters is included (eg. potential
temperature and density) and post processed data is averaged into 1 dbar bins

Some of the CTD profiles taken by the SBE 9-01 showed oscillatinyioeihdorming
spurious peaksThis was also seen during the 2010 cruise (Ribergaard, 2011). At that
time it was concluded it might be due to an unstable conductivity sexssa change of
the pump did not solve the problem. However as the conductivity sensor hasebee
to Seabird in the meantime, it is obvious not the problem and a tgbelctien of the
instrument is suggested.

However, due to the tight time schedule, the cruise was continuedthsinggtrument,

as the profiles looks fairly ok disregarding the peaks and therétfere was hope that
the main part of the errors could be corrected/filtered out #ftercruise. With this

decision more stations were taken, however with a poorer result.

The peaks were after the cruise removed from the raw tiraesbefore the data
processing and calibration describing above was started. Initialp¢hepeaks were
found using a fixed time window for defining a local peak and data arounet#ks are

marked bad. Then a linear interpolation is done on the timeserieglacad¢hese bad
data. The procedure is identical to what has been done for the 2010 dataexaanple

of the procedure can be found in Ribergaard (2011).



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 will remove the major part of the fluohsati

55N

Greenland Ice Chart
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S Danish Meteorological Inslilule Valid: 29 June 2011, 12:.00 UTC Polar View
Figure 6. Distribution of sea ice in Greenland Waters valid for 29. June 2011.
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3. Atmospheric conditionsin 2011

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 Hightlamdceland Low pressure cells. We
use wintertime (December—March) sea level pressure (SLeyatite between Ponta
Delgada, Azores, and Reykjavik, Iceland, and subtract the mean Serenitié for the
period 1961-1990 to construct the NAO anomaly. The winter NAO indergdwinter
2010/11 was negativéFigure 2).

The mean low pressure route during the winter neo(lrecember—Marts) was similar to
normal from Labrador, across Iceland and furtherards Northern Norway (Figure 8a).
However, the Icelandic Low and Azores High was both weak@figure 8b), resulting in
weaker westerlies over the North Atlantic Ocean marad to normal conditiohgFigure
9).

o [9)]
J—

-

0

—
—
—
u

-

| -
—
—

7 /1 AR |, 1 | V4 A J

NAO anomaly [hPa]

= 3-year running mean

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Figure 7. Time series of winter (December—March) index of theONfom 1865/1866—
2010/11. The heavy solid line represents the NAO index smoothed witkea Buyining mean
filter to remove fluctuations with periods less than 3 years. In the figure titeriiB65/1866 is
labelled 1866 etc.. The mean and standard deviation is 0.71 £ 7.5 hPa. The 20L@/14 va
593 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 2010/11¢ tmean temperature was above
normal over the West Greenland region and coldnthern Europe (Figure 11). In Nuuk

the mean winter air temperature (DJFM) was aboveab(Figure 12).

However, the annual temperature anomaly for 2014 slightly negative or zero in the
southwest Greenland waters, while the western dalpr8ea and Baffin Bay experienced
slightly higher temperatures than normal (Figure kE8Nuuk, the 2011 air temperatures
was above normal in June, July and August, as ageih January, but below normal for
the remaining 8 months (Cappelen, 2012) resulting en@oial mean temperature slightly
below normal (Figure 14).

1
2

The NAO index using December — February was aéggative.
Normal conditions/anomaly defined as the diffee=sfltom normal conditions relative to the period
1968-1996.
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NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
b) Sea Level Pressure (mb) Composite Anomaly 1981-2010 climo

a) Sea Level Pressure (mb) Composite Mean

NOAA/ESRL Physical Sciences Division

Dec to Mar: 2011 to 2011
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Figure 8. a) Winter (DJFM) sea level pressure for 201t the North Atlantic region. b) Sea
level pressure anomaly. NCEP/NCAR re-anal{fs@m http://www.esrl.noaa.gov/psd/

NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
a) 1000mb Vector Wind (m/s) Composite Mean b) 1000mb Vector Wind (m/s) Composite Anomaly 1981-2010 climo
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Figure 9. a) Winter (DJFM) wind (left) for 2010/11 in the North Atla region. b) Wind
anomaly. NCEP/NCAR re-analydisom http://www.esrl.noaa.gov/psd/

) NCEP/NCAR Reanalysis b) NCEP/NCAR Reanalysis
a 1000mb air (C) Composite Anomaly 1981—2010 clima 1000mb air (C) Composite Anomaly 1981-2010 clima
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Figure 10. a) Winter (DJFM) mean air temperature anomaly for 204f/the North Atlantic
region. b) Annual mean air temperature anomaly for 2011. NCEP/NCAsRatgsis(from
http://www.esrl.noaa.gov/psd/).
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Figure 11. Winter (DJFM) mean air temperature anomaly for 2010/1ieiNorth Atlantic
region. NCEP/NCAR re-analys{from http://www.esrl.noaa.gov/psd/).
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Figure 12. Winter (DJFM) mean air temperature observed at NulK asiilaq for the period
1874-2011. 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 2011 are respectively -5.28n8C5.24 °C. Nuuk
temperature was taken from the Nuuk airport synop station 04254 dudatiurea on the
instrument (Nuuk synop 04250) for more than 65% of the following months (ygyym
200505, 200710, 200712, 200811, 201101.
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NCEF/NCAR Reanalysis
1000mb air (C)} Composite Anamaly 1981-2C10 climo

Figure 13. Anomalies of the annual mean air temperature for 2011 Nottte Atlantic region.
NCEP/NCAR re-analysiérom http://www.esrl.noaa.gov/psd/).
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Figure 14. Annual mean air temperature observed at Nuuk and Tdeiilttge period 1873—
2011. The mean and standard deviation is -1.64 + 1.25 °C for Nuuk and -1.11 = 180 °C f
Tasiilag. Values for 2011 are respectively -1.72 °C and -0.64 °C. Nmyetature was taken
from the Nuuk airport synop station 04254 due to a failure on the instryiMenk synop
04250) for more than 65% of the following months (yyyymm): 200505, 200710, 200712,
200811, 201101.
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4. Oceanographic conditions off West Greenland in 2011

Sea surface temperatures in West Greenland often follow thake air temperatures,
major exceptions are years with great salinity anomalies/e&s with extraordinary
presence of Polar Water. In 2011 the mean temperature (2.25°C) anty $a8r61)
was above average on top of Fylla Bank in the middle of June.

-
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Figure 15. Timeseries of mean temperature (top) and salinityo(ptin top of Fylla Bank
(Station 2, 0—-40 m) in the middle of June for the period 1950-2011. The red ctireigear
running mean value. Statistics is shown in Table 1. The timeskmiegemperature (top,
magenta/purple) is extended back to 1876 using Smed-data for aréamitl,(1978). See
Ribergaard et al. (2008) for details.

Table 1. Statistics for potential temperature and salinityaFgdnk st. 2. The timeseries are
corrected for annual variations in order to get the temperatum@idaJune. 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 2011
St. 2 Mean + std Mean = stg Tpot S
040 m 1.81 +0.74°C 33.41 £ 0.2582.25°C| 33.61

A vertical section of salinity, temperature and density overhlib# 8om Cape Farewell
to Upernavik is shown in Figure 27. Polar Water is found in the upper ~100 tm
Paamiut with salinities mainly below 33.4 and cold (<1°C) sub-sutémperatures. At
Fylla Bank the salinities has increased due to mixing but tidtgakmains quite low
below about 34. From Aasiaat and further north Polar Water originfatimgthe Baffin
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Current is found in the upper ~100 m revealed by its cold core temmsrételiow -1
°C.

West of Fylla Bank in the depth interval 50-150 m where the core of R@ter is
found, the salinity and temperature was close to average conditione(E&yand Table
2). Further north at Maniitsoq st.5 (Figure 20, Table 3) andhiisst.5 (Figure 21, Table
4), the salinities and in particular the temperatures was abow&hior the same depth
interval, likely illustrating Polar Water progressing slowlytharard and which haven't
reached the latter stations yet.

Salinity Potential Temperature
LA O 727 T D D s 2 B 51 N T T T —
72N - asod  72Nr
_:34.6
0 0
70N 3z ON:
| 134
N 2011 5375 O8NF
%33.5
B6°N - 66N -
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64% 64N -
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R B e e | Sl = e SN Ferpa—ts L G S LS O ) i e e R L
56°w 52°W 48°W 44°W 56w 52°W 48°W 44°W

Figure 16. Surface salinity (left) and temperature (right) eleskein 2011 taken June 15 — July
13.

The surface temperatures and salinities observedgdthe 2011 cruise are shown in
Figure 16. The cold and low salinity conditions eved 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 be traced nortytta Bank revealed by its low salinity,
whereas water of Atlantic origin (T33; S>34.5) is found only on the Cape Farewell
section at the surface. However, it was likely fam the Cape Desolation section further
offshore station 3, but no measurements was tak#ms area in 2011.

In the Baffin Bay the highest salinities reflect the cor¢hef West Greenland Current,
which is slightly modified by Atlantic Water. However, in 2011 itswaot as easily
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seem as previous years reflecting newly arrived Polar V@atgnating from the Baffin
Current. In the Disko Bay the lowest surface salinities is duleet runoff from the large
outlet glaciers and also partly from melting of sea-ice dusingmer forming a 20-30
m thin surface layer. A thin low-saline surface layer i alsserved in the Baffin Bay
outside Disko Bay properly formed by melting of sea-ice. Due to solangehese thin
surface layers are relatively warm. The strong halocline actn effective isolator and
thereby the subsurface waters remain considerable colder (FAglreThe coldest
waters <-1°C observed in the subsurface of the Baffin Bay alg tkél Polar Water
from the Baffin Current originating from the Arctic Ocean throubke Canadian
Archipelago as suggested by Tang et al (2004). The upper part ofdtes is easily
recognized in Figure 17 and in its core in Figure 23. In late June 20fii Bay Polar
Water was also present at south as the outermost station onstheuSisection
reflected by the cold average temperature in the upper 50m belowigi€e(33). This
water mass was not seen two weeks earlier in mid-June (Faf)reeflecting the
temporal dynamic of the front.

Salinity Potential Temperature
| S Y C =Y T e R LT AT | I
72on) . 72°N |-
GRS 70°N |-
68N L 68 N |-
66°N - B6°N -
64°N - 64°N -
629N - 62N |
60°N |- 60°N |-
S RN | IS PSRy EISSE S, SIS, [ SSOCIS] (I | Lo sl amradoarasallam e p sl aear o pe s o sa e o=,
56w 52°W 48°W 44°W 56°Wy 52°W 48°W 44°W

Figure 17. As Figure 16, but for 32 m depth.

At intermediate depths water of Atlantic origin forms a layer with maxirsahmity and
temperature. Horizontal maps of salinity and temperature at deptiaxamal salinity
and maximal temperature are shown in Figure 24 and Figure 25. igal/section of
salinity, temperature and density over the shelf break from Capa/élato Upernavik
is shown in Figure 26. The vertical distribution of temperature, sakmd density at
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sections along the West Greenland coastline is shown in FigureF2gure 38 and
within the Disko Bay in Figure 39 — Figure 42.

Pure Irminger Water (B 4.5C; S> 34.95) was traced north to the Maniitsoq section
and modified Irminger Water (¥ 3.5°C ; 34.88< S < 34.95) was observed further north
to Sisimiut section. The northward extension of Irming&ter may indicate intensified
inflow of water of Atlantic origin to the West Grdand area.
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|
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345
34|
335
33| I
&h.i i . ° . ¥ Salinity

| T ]
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Figure 18. Timeseries of mean June-July temperature (top) aniys@dottom) for the period
1950-2011 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 Badkatd values for 2011.

Fylla Bank | Temperature [°C]  Salinity 2011
St4 Mean = std Mean * std Tpot S
0-50 m 1.85+0.84°C  33.21 +0.321.60°C| 33.49
50-150 m 1.04 +0.83°C  33.63 +0.261.08°C| 33.67
150400 m| 2.61+0.86°C 34.29+0.18.34°C| 34.19
400600 m| 4.20+0.57°C  34.82 + 0.081.67°C| 34.92

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 (34.92) and tempexaf4.67°C) of this layer was well
above average (Table 2). This indicates, that theemce of Irminger Water in 2011 was
still high compared to normal. Similar timeseriesstvof the banks further north at
Maniitsoq st.5 (Figure 20, Table 3) and Sisimiub gFigure 21, Table 4) confirms, that
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the Irminger Water component of the West Greenl@ndent still brings considerable
amount of heat and salt to the area in 2011.

The bottom temperature and salinity within the DisBay just outside llulissat
("Jakobshavn”) at Skansen-llulissat st.3 has agmireased to values well above average
conditions after the surprisingly decrease in 2iBergaard, 2011). The high values are
in line with the high presence of Irminger WateR01.1.

From the Sisimiut section and further north to the baeik section a distinct Polar Water
core was absent. Instead a colder layer was fouthdt@mperatures below 1°C (below -
1°C in its core) with its center at about 75 m Hephich is likely Polar Water from the

Baffin Current as described above. Below this caltdsurface layer, a relative warm (>
3°C) water mass was found below 150-200 m. Thismiatthe extension of the Irminger
Water component of the West Greenland Current.

The temporal changes in the water mass charaaterster two weeks on the Sisimiut
section can be seen by comparing Figure 34 and Figure 3iBigDbese two weeks the
presence of Irminger Water has reduced shown by decreased satiditgmperature
below ~250m. At the westernmost station Polar Water from théenBadiy, reflected by

cold average temperature in the upper 50m below 0°C, was only present during the latter
survey.

Noticeably, since the early 2000s, the mean salinityemgerature of the Irminger Water
at 400—-600 m depth west of Fylla Bank (Figure 18. kkeuop Banke” (Figure 20) and
“Store Hellefiskebanke” (Figure 21) has increasductv may indicate increased strength
of the Irminger Current as suggested by Ribergé284). Similar findings was reported
by Myers et al. (2007, 2009) and Stein (2005) whtwky 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 tlseuthern sections are given for the time
period up to 2008.

West Greenland fjords 2011

The hydrography in fjords is to a large extent determined by tiek rianoff of fresh

water in the surface and at the inflow near the bottom at the nobutte fijord (see
Figure 19). Often fjords have a sill at the opening to the open ocean and it is the depth of
this sill that determinate which watermasses are alloweenter near the bottom.
Above sill depth water can freely flow either in or out of thedjokt the surface the
current are often directed out of the fjord caused by the runoff g fsater, which on
average cause a slight increase in the sea level towarllsatieof the fjord. Thereby a
pressure gradient is established and surface water will flowfdhe fjord. This surface

water will entrain water from below and to compensate for thisagment, inflow is

taking place at the bottom as sketched in Figure 19. Besides, Wastl&hd fjords
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experience a large tidal signal which cause extensive Jentiséng and significant

horizontal ventilation which by far dominate the fluxes of freshwiatéhe fjords over
shorter timescales. Additional, local wind conditions can also havaj@ impact on

the water exchanges in some fjords by setting up horizontal pregadients along the
fiord which again affects the interface depth (Straneo et al, 2010)

Ccean . Cosshl :

A -mater _ Fiomd wwater y -

. Brackmh water M. .
|rtemediste byer

. " si & e .-
S 7

Figure 19. Sketch of the circulation in a fjord (modified from AMABsessment Report:
Arctic Pollution Issues, Figure 3.20, http://www.amap.no/maps-gra/show.cfréltigss).

Most fjords in West Greenland are sill fjords i.e. resultingtiorg limitations of the

exchange of water between the deeper parts of the fjord and the epen Dlee flux of

fresh surface water from land is highly variable on a seasoal&. $Vhen exported out
of the fjords, this brackish water is mixed with the surrounding seiriaters, which is
Polar Water. Mixing continues along the coast, and the waterrteass dose to the
coast. In the following this water is named Coastal Polar Water.

Measurements from the fjords taken in 2011 is showiigure 43 — Figure 47. For the
flords south of Sisimiut, measurements have bekentseveral years and Howmdller
diagrams are shown in Figure 48 — Figure 51. The Hdlemdiagrams reveals relatively

high bottom temperatures and salinities in 201thatbottom in the fjords with deeper
sills allowing relative deep waters to enter caesiswith a high Irminger Water presence
in Southwest Greenland Waters in 2011. For thdashalill fjord Kangerluarssuk (Figure

50), the bottom temperature was relative high.
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Conclusions

Atmospheric and oceanographic conditions off WasteGland during the summer 2011
were characterised by:

* Negative NAO index resulting in weakening westerbgsr the North Atlantic during
winter 2010/11.

* Winter air temperature over West Greenland wateas warmer than normal and
colder over the northern Europe consistent withatieg NAO index. However the
annual temperature over Southwest Greenland watassslightly below normal in
2011, reflecting lower mean temperatures than nidinm@ spring and onwards.

» High presence of Irminger Water and below normesence of Polar Water indicated
by:

- Pure Irminger Water was observed on all sectiom f@ape Farewell to Maniitsoq
and modified Irminger Water at the Sisimiut section

- West of Fylla Bank, “Sukkertop Banke” and “Storellefisskebanke”, the mean
temperature and salinity in 400-600 m depth wak. Hgmilar high values were
found off llulissat at 300 m depth.

- Water temperature and salinity on top of Fylla Bauals above average.

- Low saline water on top of the shelf from Cape Wwatkto Paamiut was observed
in the upper ~50-100 m. West of Fylla Bank in 50-1& depth about average
salinities and temperatures was observed. Furthith the average salinities and
temperatures was higher than normal indicating totlvan normal presence of
Polar Water especially at the northern sectionsvéyer the Polar Water could be
underway reflected by the higher presence furtbeths
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Figure 20. Timeseries of mean temperature (top) and mean sdboitpm) for the period
1946-2011 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 salinityatiitéoq (Sukkertoppen) st. 5. and
values for 2011.

Maniitsoq | Temperature [°C] Salinity 2011 \
St.5 Mean = std Mean = std Tpot S
0-50 m 2.53 +0.97°C 33.51+0.23.08°C| 33.59
50-150 m 1.34 + 0.86°C 33.88 £0.191.88°C| 33.98
150400 m 3.17 £ 0.74°C 34.53 £ 0.144.96°C| 34.80
400-600 m 4.22 £ 0.39°C 34.86 + 0.065.08°C| 34.98
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Figure 21. Timeseries of mean temperature (top) and mean sdboitpm) for the period
1946-2011 in four different depth intervals west of “Store Hellefiskedda(&isimiut, 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 salinityisinit (Holsteinsborg) st. 5. and
values for 2011.

Sisimiut | Temperature [°C]  Salinity 2011 |
St.5 Mean + std Mean + std Tpot S
050 m 1.68 + 1.46°C 33.46 £ 0.32-0.44°C 32.70

50-150 m 1.02+0.91°C 33.90+0.191.60°C| 33.95
150400 m 2.76 £0.93°C  34.45+0.164.36°C| 34.66
400-600 m 3.94+0.62°C | 34.77£0.094.83°C| 34.86
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Figure 22. Timeseries of mean temperature (top) and mean sdboitpm) for the period

1980-2011 in four different depth intervals west of “Jakobshavn-Skansaliss@it-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 shown i Table

Table 5. Statistics for potential temperature and salinityliisdat-Skansen (Jakobshavn-
Skansen) st. 3. and values for 2011.

llulissat | Temperature [°C] Salinity 2011
St.3 Mean + std Mean + stgQ Tpot S
050 m 1.32+0.92°C  32.98 £ 0.261.46°C | 33.08
50-150 m 1.05+0.78°C  33.68 +0.111.72°C| 33.80
150400 m 1.82 +0.69°C  34.09 + 0.103.21°C| 34.31
300 m 2.29+0.68°C  34.22 £ 0.093.40°C| 34.36
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Figure 23. Salinity (left) and temperature (right) observed in 20aide( 15 — July 13) at the
depth of minimum temperature disregarding the upper 32 meters.
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Figure 24. Salinity (left) and temperature (right) observed in 20aide( 15 — July 13) at the
depth of maximum temperature disregarding the upper 32 meters.
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Figure 25. Salinity (left) and temperature (right) observed in 20aihe( 15 — July 13) at the
depth of maximum salinity disregarding the upper 32 meters.
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Shelf Break, JulnefJuIy 2011
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Figure 26. Vertical distribution of temperature, séfiand density over the continental shelf breaknf@ape Farewell to Upernavik, June 18—July 12,
2011.
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On Shelf, June/July 2011
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Cape Farewell, July 2011
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Figure 28. Vertical distribution of temperature, s#@jilmnd density at the Cape Farewell section, J@ag3] 2011.

-32-



Pressure [dbar]

Pressure [dbar]
o @ £ M

Pressure [dbar]

Cape Desolation. July 2011

o o o O
o o oo o o
| | | I

L ]

No data

=

20

40 60

=

200+
400
600
800 +

No data

20

40 60

o

200~
400
600
800

No data

|
20

40 60

80

-33-

e ——————

100
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Fylla Bank, July 2011
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Mapiitsoq!Sukkertopperl'u, June 20|11
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Aasiaat/Egedesminde, June 2011
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Figure 35. Vertical distribution of temperature, salinity and density at thea®g&gedesminde) section, June 18-20, 2011.
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Kangerluk/Disko Fjord, July 2011
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Figure 36. Vertical distribution of temperature, saliaibg density at the Kangerluk (Disko Fjord) sectiurly 01-07, 2011.
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Nuussuag, July 2011

0]

- 34.95

£ 34.85

T, 34.75

2

=} 34.4

a 34

¢

l .
3

= 8

g 5

B, 200 4

o 3

> 2

[F5]

9] - ] 1

@ . = — i i i : 0

o " Potential temperature [°C] S Nt [ 1

| |
0 20 40 60 80 100 120 140 160
I

T

i |

B,

&

=

%]

) . :

i 7 s T P o ——

o Sigma-Theta " e |

600 | | | | | | |
0 20 40 60 80 100 120 140 160

Figure 37. Vertical distribution of temperature, saliait density at the Nuussuaq section, July 02@171.2
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Upernavik, July 2011

Pressure [dbar]

= — g
2 100 5
T, — 1
L 200 e T ——— L B3
= 2
o 300 - . - o
a _— Potential temperature [°C] *
400 | | | [ =
0 10 20 30 40 50 (s8]
O e ———— e e 75
% 100 - — T — = == s e T — . e |2?‘6
g 200 27.4
] 27
7 T
& 300 _ 265
a Sigma-Theta 26
400 | | | | | - 23.5

0 10 20 30 40 50 60
Figure 38. Vertical distribution of temperature, salinity and density at the Ujles®ation, July 05, 2011.
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Qegertarsuag-Aasiaat/Godhavn-Egedesminde, June 2011
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Figure 39. Vertical distribution of temperature, saliait density at the Aasiaat—Qegertarsuaq (EgeddsrBodhavn) section, June 21-22, 2011.
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Skansen—Akupaq, June I2011
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Figure 40. Vertical distribution of temperature, saliityl density at the Skansen—Akunaq section, Jur@422011.
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Skansen-llulissat/Skansen-Jakobshavn, June 2011
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Figure 41. Vertical distribution of temperature, saliaitg density at the Skansen—llulissat (Skansenbdhion) section, June 24-25, 2011.
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Appat/Arveprinsens Ejlande, June 2011
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Figure 42. Vertical distribution of temperature, salinity and density at the Afppaprinsens Ejlande) section, June 28-29, 2011.
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Fylla Bank / Godthaab fjord, July 2011
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Figure 43 Vertical distribution of temperature, salinity astehsity at the Godthaab fjord section, July 0112B6¢%lla Bank section left (as in Figure 31).
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Figure 44 Vertical distribution of temperature, salinity astehsity at the Amerdloq fjord, June 28-29, 201din®ut section left.

-48 -



Sisimiut / Ikertog, June 2011

Pressure [dbar]

Salinity
I ] | |

120 140 160 180

Pressure [dbar]

Pressure [dbar]

SigmauTheta

600 - =235
| | | | | | |

| |
0 20 40 B0 80 100 120 140 160 180
Figure 45 Vertical distribution of temperature, salinity atiensity at the lkertoq fjord, June 28-29, 201lin#is section left
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Sisimiut / kangerdluarssulﬁ, June. 2011
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Sisimiut / ltivdleq, June 2011
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Figure 47 Vertical distribution of temperature, salinity athehsity at the Itivdleq fjord, June 28—29. 201 $iriut section left.
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Figure 48Hovmoller diagram of vertical distribution of ternpture, salinity and density at the Amerdloq fistd, late June/July 2003, 2005-2009, 2011.
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Figure 51. Hovmoller diagram of vertical distribution of temperature, sakmitydensity at the Itivdleq fjord st.4, late June/July 2005-2009, 2011.

Itivdleq St. 3 was used for 2011.
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