st Oceanographic Investigations
off West Greenland
201 3

By
Mads Hvid Ribergaard

Danish Meteorological Institute
Centre for Ocean and Ice

May 201 4



Oceanographic Invesigations off West Greenland2013

Mads Hvid Ribergaard

Dansh Meteorological Institute, Center for Ocean and Ice, Copenhagen, Denmark.

Abstract

The regonal hydrography in summe&2013is presented and discussed based on data
from standard sections along the west coast of Greenland and dat&detitiewmg trawl
surveys.

In winter 2012/13the North Atlantic Osdliation (NAO) index washegativedescribing
weakeningwesterlies over the North Atlantic Ocea@ften this results irwarmer
conditions over the West Greenland regiamch was also the sa this wintemwith air
temperatur@abovenormal.

The general settings in the region have traditionally been presented with offset in the
hydrography observed over the Fylla Bank. Here, time series efume temperatures

on top of Fylla Bank showempeatures0.5°C aboveaverage conditions i@013and
averagesalinities The normalized neaurfacesalinity indexand thepresence of Polar
Waterwerenormal in 2013

The presence of Irminger Water in the West Greenlaaigrs was high i2013 Pure
Irminger Water (waters of Atlantic origin) coulie traced north to theaamiutsection
and modified Irminger Water further north to the Sisimiut sectitowever,at the three
southernmost sectionthe pure Irminger Water does not occupy as large a volunie as
recent yearslt has to a large extent been replaced by modified Irminger Water
contrast,mean (400600 m) temperature and salinity westill very high over the
Southwest Greenland shelf breaith of Fylla Bank and into the Disko Bay region



Intr oduction to the west Greenland oceanography

This report descritsethe hydrographic conditions West Greenland Waters R013
from CapeFarewellin the southeastern LabradoraSeorthward to Upernavik in the
Baffin Bay (Figure 1). After describing data and methods, the ahesic conditions
are described and théme oceanographic conditions.

The ocean currents around Greenland are part of the cyclonmofarbgyre circulation

of the North Atlantic and the Atic region. The bottom topography plays an important
role for guiding the circulation and for the distributing the water masses. Consequently,
the strongest currents are found over the continental slope.
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Figurel. Position ofthe oceanographic sections off West Greenland whersurezgnts were
takenin 2013 Map produced using Ocean Data Vigschlitzer, 200Y.

The surface circulation off West Greenland is dominated by the north going West
Greenland Current. It is primarilyomposed of cold lovsaline Polar Water (PW) of the
Arctic region and the temperate saline Irminger Water (IW) of the Atlantic Ocean. At
intermediate depths Labrador Sea Water is found, and at the bottom overflow water
from the Nordic Seas are fountkar tle bottom. Only thecirculation in the upper
~900mwill be handled in this report, limited by the winch.

The watemass characteristics in the West Greenland Current are formed in the western
Irminger Basin where the East Greenland Current and the Irm@wgeent mets and

flow southward side by sidé&igure2c). As they round Cape Farewell the IW subducts
the PW Figure 2b) forming the West Greenland Current (WGC). Theseemaiasses
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gradually mix along West Greenland, but IW can be traced all along the coast up to the
northern parts of Baffin Bay (Buch, 1990). At Cape Farewell IW is found asi®3600

m thick layer over the continental slope withcare at about 2G@B00 m deth. In
southwest Greenland watelsetdepth of the core gradually decreases from east to west
as seen ifrigure2b, whereas the depth gradually increases from south to north to below
400 m in the northern Davis &it and Baffin Bay.
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Figure 2. Mean uppetayer salinity seébns for the period 1990997. Top:Location of the
two sectionsLower left: Eastern Labrador Basin. Lower rigiffestern Irminger Basin. From

Pickart et al. (2002).

Over the fishing banks off West Greenland a mixture of IW and PW dominates, as
sketched inFigure 3. PW is continuously diluted by freshwater +oifi from the
numerous fjord systems. As the WGC reaches the latiéidig/lla Bank it branches.

The main component turns westward and joins the Labrador Current on the Canadian
side, while the other component continues northward through Davis Strait.

Flushing

Autumn WI‘I"IdS Coast of

Greenland

Interior
Labrador
Sea Water

Intermediate
Irminger water

500

Depth in metres

1000
Figure 3. Sketd of the water masses off WeStreenland in the Davis Strait region. From
Valeur et al. (1997).

The tidal signal is significant. At West Greenland the strongest tidal signal is located
close to Nuuk at 64°N. The tides are primarily semidiurnal with large difference
between neap and spg (1.5 m versus 4.6 m at Nuuk, Buch, 2002). The interaction
between the complicated topography and the strong tidal currents gives rise to a residual
anticyclonic circulation around the banks in the Davis Strait area (Ribergaard et al.,

2004).
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Seaice is important in Greenlandic Waters. The West Greenland area is mainly
dominated by 2 types of sé@. i St or i s-yeariice transpokrted ifrom the Arctic
Ocean through Fram Strait by the East Greenland Current to Cape Farewell, where it
continues northwar by t he West Gr eenl a-gedric€formede nt
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 whersumegaents were
performed in2013 SeeFigurel for position of all sections measured2l3
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Figure 5. Position of the ocemgraphic stations in Godthagdrfden and Fylla Bank. 12013
measurements wereenformed over Fylla Bank and stil4i n t he MfAmain ar mo
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1. Measurements

The 2013 cruise was carried out according to the agreement bettheereenland

Institute of Natural Resourcé&INR) and Danish Meteorological Institu@MI) during

the period Junell i 21, 20l13onboard the Danish naval S
Observations were carried out on the following standard stattomsré€1):

Offshore Labrador Sea/Davis Strait:

Cape Farewell St.ib

Cape Desolation Sti 5
Paamiut (Frederikshaab) Si.51
Fylla Bank St. 15

Maniitsoq (Sukkertoppen) Sti &
Sisimiut (Holsteinsborg) StiG

Additional stations on the Fylla Bank section:
1 Fylla Bank St. 1.52.5,3.5

Additional stations inside Greenlandic fjords:
1 Godhaabfprden St. 114
1 Amerdloq St. 2, 4
1 lkertog St. 1, 4
1 Kangerdluarssu&t. I 3
1 ltivdleq St. 14

—a —m s . _a _a

Part of the observationsglo directly supportwork done within theGreenlandClimate
Research Centre (GCRC).

On each station the vertical distributiook temperatte and salinity wereneasured

from surface to bottom, except on stations with depths greater than 900 m, where
approximately 900 m was the maximum depth of observaieaice was only present

at low concentrations andid not haveany influenceon the abity to conduct the
stations

During the period Jun#37 July 01, 2013the Greenland Institute of Natural Resources

carried out trawl survey from Sisimiut to the Disko Bay area and further North onboard
AR/V PAAMI UTO. During t hiwere sariedvaaityon 8 D me
following standard station$-igurel):

Offshore Davis Strait/Baffin Bay:
1 Aasiaat (§edesminde) St.ib
1 Kangerluk (Disko fjord) St. 113
1 Nuussuaqg St.ib
1 Upernavik St. 15

Disko Bay:
1 Qegertasuad Aasiaat (GodhavrEgedesminde) SL, 3 4
1 SkansenAkunaq St. 14
1 llulissat (Skansénlakobshavn) St.iB
1 Appat (Arveprinsens Ejlande) St.3

Aasiaat St. 6 was taken approximately 5 nauticaésndast of position, and St. 7 was
not taken due to the@sence of Vestic&imilar Kangerluk st.4 was skipped.
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2. Data handling

Measurements of the vertical distribution of temperature and salinity were carried out
using aSeabird SBE 19plus CT.Orhe instrument watoweredwith a descent rate of
approximately 45m/min but slower in the upper ~100@®n the Paamiut cruise a
SeabirdSBE 25plus was used. All semsavere chbratedin winter/spring2013

The CTD data were analysed using SBE Data Processing version 5.37d software
provided by ®abird (www.seabird.com)For uploadingSBE 19plus and25plus data,
the Sabirdprogram Seasawéer. 1.59(for windows) was used.

All gquality-controlled data are stored at the Danish Meteorological Institute from where
copies have been sent to ICES. Data are also stored atldbaémstitute of Natural
Resources.

2.1.Calibration procedure

2.1.1.SBE19plus calibration

The SBE19plus was newlhecked andalibrated by Se8ird Electronics before the
cruise and returned for post calibration after the cruise.

In 2013 a calibration was perfoned using the preand posicalibrationinformation
performed at SeBird Electronicsfor SBE19plus We follow the recommendation for
calibration given by SeBird Electronics. Usually the conductivity sensor has no offset
at 0 S/m but a linear slope withrger error for larger conductivity. Thtemperature
sensors usually drift by changing offsetd only to a degree of changing slope -Bied
Electronics recommend only correcting for an offset. For both sensors the error
increases linear with time andually in the same direction after a new calibratkeor.

the oxygen sensprany drift with time is primarily attributed to fouling of the
membrane, either biological or waterborne contaminants (i.e., oil). The error is usually
negligible for zero Oxygenconcentration(instrument zero) and increases linear with
Oxygen concentration. Thereby the sensor output can be calibrated by adjsting
slope dependence.

SBE 19plusv/2 29 Janl3 | 19 Decl3 | islope /ioffset/ iSoc
Conductivity slope correction| 0.999982 | 1.0000000 1.000M716
Temperature offset -5.5e-4°C | -0.0e-4°C | -2.34e-4°C

Oxygen slopeorrection(iSoc) | 1.0024 1.0000 0.99898

For conductivity we assume a linear drift in tigwed use the following formul find
the time interpolated slope, igle, as

islope =1+ (b / n) [(1/ postslope) 1]

whereb is the number of days between peceuise calibration and the cagtl33-143
days, 13&lays used as a constamt)is thenumber of days between pand posicruise
calibrations(324 days) and stslope is thelope from calibation sheet as measured by
SeaBird Electronicg0.9999832



For temperature we assume a linear drift in time in offset and calculate the time
interpolated offset, ioffset, as
islope = (b / n) postoffset

where postoffseis the mean offset temperatdrem the calibration sheet as measure
by SeaBird Electronics {5.5e-4 °C)

The Oxygen concentratiojml/l] is calculated using the formufziven in Owens and
Millard (1985) We make a similar slope correction for oxygenfasconductivity by
correcting the Soc value as,

iSoc =1+ (b/n)[(1/postslope)l]
newSoc = iSoc * postSoc

where postSoc is th@e-cruise calibratiorSoc value

In the configuration (.xmlcon) file, we use thee-cruise calibration coefficiensnd use
the calculatedslope (1.000@716 for the value of slopdor conductivity and the
calculatedoffset (2.34e4 °C) for temperatureFor Oxygen measuremenige use the
calculated slope factor iS¢0.99898 to find thenewSoc value(Q475629.

2.1.2.SBE25plus calibration
Thesensors on thBBE25plus werealibrated prior to the cruise 2013

For the purpose of calibration of the salinity measurements obtained by the CTD, water
samples were taken at great depth on stations with depths greater thanirb0éter
masses which are to be expected to beivelatable in time due to weakratification.

A Niskin water sampler was mounted on the wire just above the CTD and it was closed
close to the bottom using a drop messenger with an expected fall asipeesl 100
m/min. Due to the nature of the setup we do not know exactly at which time the drop
messenger force the water sampler to close and additional the water sample is taken a
few meters above the water intake of the CTD. However, the samples arentaletar
masses which aréo be expected to be very stable/weakly stratified with a CTD
fluctuation of about +0.002n salinity, which is similar to the precession of the
conductivity sensor. The salinity measurement used is taken as the mean CTD value
centredonthe expected time of water sampler closure.

Water samples wertaken on 5stations with two replicates on eachrrdhe same
Niskin water sampleand additional water samples weakenon 3 other stations but
without replicatesBottle salinities were measurdaly theGreenlandnstitute of Natural
Resourceausing an Autosal Guildline 8410 portable lab salinometer with a nominal
precision of 0.003n salinity. 5 out of 13water sampleturn outto be problematic, but
the remaining 8vater samplesvereused to determine an offset of salinitfythe CTD
measurementThe mean offset ofCTD salinity measurements minusottle salinity
observationswas found t00.0066 + 0.0079 The CTD salinity measurements were
corrected usinghis value for all statios

2.2.Data accuracy

For SBE 19plus, the nominal temperature sensor accuracy i8.005°C with an
instrument resolution of about 0.0002°C. The real accuracy is likely better than the
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nominal temperature accuracy judging the weak drift of the sensor betaldaations.
Nominal sensor (pressure) accuracy is 0.02% of full scale (3500 m) corresponding to
about 0.7 meter for maximal depth with a similar annual drift. The accuracy is 0.0025%
of full scale corresponding to less thancEdtimetres

For SBE 25, lte nominal temperature sensor accuracy-9601°C with an instrument
resolution of about 0.0003°C. Nominal sensor (pressure) accuracy is 0.1% of full scale
(2000 m) corresponding to about 20 meters on maximal depth. The accuracy is 0.015%
of full scalecorresponding to roughly 3€entimetresThere is no offset at the surface
(p=0 dbar at z=0 m) for the two instruments.

2.3.Data processing

The CTD data were analysed using SBE Data Processing vefsi@m software
provided by Seabird (www.seabird.com). odhain of standard processing tools was
used:

1 Data Conversion After calibration, raw da from the CTD (HEX format) are
converted to engineering units including pressure, in situ temperatusalamty.

1 Filter: Pressure readings are initially high péiered two ways in order to smooth
high frequency data and to obtain a umifadescent history of the cast.

Filter: Temperature ConductivitySalinity | Pressure
Instrument (seconds) (seconds) (seconds)
SBE 19plusv2 | 0.5 0.5 1.0
SBE 2%lus 0.03 0.5

1 Align CTD. Inherent misalignment time delay in sensor responses and transit time
delay in the pumped pluming line are corrected by advaritiagmeasurements
relative to pressureBy alignment, measurements refer to same parcel of water and
the procedure elimated artificial spikes in the calculatprbfiles especially in steep
gradients.

Align CTD: Temperature ConductivitySalinit | Oxygen
relative to pressure y relative to pressurg relative to pressure
Instrument (seconds) (seconds) (seconds)
SBE 19plusv2 | 0.5 7.0
SBE 2%lus 0.1 7.0

1 Cell thermal mass correctio\ correction of the conductivity measurements due to
the effect of thermal variations on the conductivity cklbst important in highly
thermal stratified waters.

Cell thermal mass:| Themal anomaly Thermal anomaly tim¢
Instrument amplitude (alpha) | constant (1/beta)

SBE 19plusv2 0.04 8.0

SBE 2%lus 0.04 8.0

1 Loop Edit The tool removes scans with slow desceate or reversals in pressure.
Minimum descent rate is chosen between 0.1 and 0.2 m/s.

71 Derive andBin Average A number of derived parameters is included (eg. potential
temperature and density) andsp poocessed data is averaged into 1 divas

Finally each profile was visually inspected for obvious errors not cached by the above
describé SeaBird posprocessing procedure.
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3. Atmospheric conditions in2013

The North Atlantic marine climate is to some extend controlled by t#ualkal North
Atlantic Oscillation (NAO), which is a measure of the strength of the westerlies driven by
the presgre difference between the Azores High and the Iceland Low pressuré\eells.

use wintertime (Decembigviarch) sea level pressure (SLP) difference between Ponta
Delgada, Azores, and Reykjavik, Iceland, and subtract the mean SLP difference for the
period 19611990 to construct the NAO anomalyhe winterNAO index during winter
2012/13wasnegative (Figure6).

The normal route for the low pressure systeming the winter monthis from Labrador,
across the Atlantic Ocean passiogland and eventuallythey land innorthern Europe
preferable southertNorway. In winter 2012/13 the intensity ofow pressure systems
culminatesn meanover the Irminger Basi(Figure7a), which is further sotit thanustal.
The Icelandic Lovand Azores HighwerebothweakeningFigure7b), resulting inweaker
westerliesover the North Atlantic Oceacompared to normal conditiondefined as the
time period 1982010(Figure8b).
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Figure 6. Time series of winter (Decembédarch) index of the NAO from 1865/1866
2012/13 The heavy solid line represents the NAO index smoothed withe@Brunning mean

fil ter to remove fluctations with periods less than 3 years. In the figure the winter 1865/1866 is
labelled 1866 etc.The mean and standard deviatiohthe time seriess 0.73 £ 7.5 hPa.The
2012/13 value is -6.43 hPa. Data are updatedas described in Baicet al. (2004), from
http://www.cru.uea.ac.uk/cru/data/nao.htm

West Greenland lies within the area which normallgesiencesvarm conditiors when

the NAO index isnegative This was also the caseurthg winter 2012/13 The mean
temperature wasbovenormal over the West Greenlamelgion and below normal in
northern EuropgFigure 9a). In Nuuk the man winter air temperature (DJFM) was
-4.60°C which is 3.2C above normatorresponding to more than one standard deviation
(Figure 10). Southeast Greenlawdatersdid also experience warmesinter temperatures
than normal, but not ggonounceds in West Greenland.

The anmial air temperature anomaly f@&013 was positive over West Greenlath waters
andclose to zer@lsewhere over the North Atlantic Ocg&igure9b). Here, theanomaly
is calculated elative to the time period 19€01Q which represent periods with cold

! The NAO index using December T February was al so
2 Normal conditions/anomalgefined as the difference from normal conditions relative to the period

1981 2010, wchch consists of a relative cold period (first half) and a relative warm pattedtthlf). Note,

that before 2014 the anomalies was calculated relative to the periddl296§mostly cold period), which

is also the case for previous similar reports on the oceanographic conditions off West Greenland.
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conditions (first half) and gperiod with wam conditions (l&ter half). The long
atmospheric temperatutene seriesfor Nuuk and Tasiilaq reveals warmer than mean
conditions for both stations, but most pronounf@dNuuk. In Nuuk, the annual mean
temperature-0.46°C) was 1.18C above averagalmast corresponding to one standard
deviation, whereas the temperature at TasiHa@@C) was only 0.73C above average
andless tharone standard deviation.

NCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
Sea Level Pressure (mb) Composite Anomaly 1981-2010 climo

Sea Level Pressure (mb) Composite Meon

a) > \ NOAA/ESRL Physicol Sciences Division b)

_994 1 _1 101 1014 101 1 1026 mﬂ‘léqllll_;lm
Figure7. a) Winter (DJFM sea level pressufer 2012/13in the Noth Atlantic regionb) Sea
level pressuranomaly NCEP/NCAR reanalysig(from http://www.esrl.noaa.gov/psd/

MNCEP/NCAR Reanalysis NCEP/NCAR Reanalysis
a) 1000mb Vector Wind (m/s) Compesite Mean b) 1000mb Vector Wind {m/s} Compesite Anomaly 1981-2010 clime
NOAA/ESRL Physical Sciences Division NOAM/ESRL Physical Sciences Division

Dec to Mar: 2013 to 2013 Dec to Mar: 2013 te 2013

4 []

10
Figure 8. a) Winter (DJFM) wind (left) for 2012/13in the North Atlantic regionb) Wind
anomaly NCEP/NCAR reanalsis (from http://www.esrl.noaa.gov/psd/

MNCEF/NCAR Reanalysis MCEF /NCAR Reanalysis
al 1000mb oir (C) Composite Anomaly 1981-2010 clime b) 1000mb air (C) Composite Anomaly 1881-2010 climo
y % NOM/ESRL Physical Seinces Division

NOAA/ESRL Physicol Sciences Division

Dec to Mar: 2013 to 2013 Jan to Dec: 2013 to 2013

* 1T 1T T 1T T T T 1T "= * I T 1T T T T T T o=
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Figure 9. a) Winter (DJFM) mearair temperature anomaly f@012/13in the North Atlantic
region. b) Annual meanair temperature anomalpr 2013 NCEP/NCAR reanalysis(from
http://www.esrl.noaa.gov/psd/).
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Figure10. Winter (DJFM) mean air temperature observed at Nuuk asilldqg for the period

1874 2013 The mean and standard deviation the wholetime seriesis -7.8 + 2.3 °C for

Nuuk and-7.0 + 1.8°C for Tasiilag.Values fa 2013 are respectively4.60 °C and-3.70 °C.

Nuuk temperature was taken from the Nuuk airport synop station 04254 due to a failure on the
instrument (Nuuk synop 04250) for more than 65% of the following monthgyrtym):
200505, 20710, 200712, 200811, 2011@0D1207
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Figure11. Annual mean air temperature observed at Nuuk asiildq for the period 1873
2013 The mearand standard deviation #2.62+ 1.25 °C for Nuukand-1.09+ 1.00°C for
Tasiilag.Values for2013are respectively0.46 °C and-0.36 °C. Nuuk temperature was taken
from the Nuuk airport synop station 04254 due to a failure on the instrument @yook
04250) for more than 65% of the following montfyyyymm). 200505, 200710, 200712,
200811, 201101201207
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4. Oceanographic condions off West Greenlandin 2013

Sea surface temperatures in West Greenland often follow those of the air temperatures,
major exceptions are years with great salinity anomalieyears with extraordinary
presece of Polar Water. 112013 the mean temperature $2°C) was slightly above
averagewhile the salinity (3311) wasequal to the mean valuwa top of Fylla Bank in

the middle of JundFigure 12, Table 1). The slightly positive temperature anomaly
despiteof averagesalinity anomalyjs likely a resultof direct atmospheric heatirayer

the West Greenland watees the atmosphereaswarmer thamormal(Figure9).

Temperature
——— 3-year running mean
-1 I i I i L i i I I

| i i |
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Figure 12. Time series of mean temperature (top) and salinity (bottom) on top of Fylla Bank
(Station 2, 040 m) in the middlef June for the period 1952013 The red curve is the 3 year
running mean value. Ststics is shown inTable 1. The time series for temperature (top,
magenta/purple) is extended back to 1876 using Statl for area Al (Smed, 1978). See
Ribergaard et al. (2008) for details.

Table 1. Statistics for potential temperature and salinity Fylla Bank st. 2 tilfeeseriesare
corrected for annual variations in order to get the temperature irJunigl The Smed
temperatur@ata(Smed, 1978%hown inFigure12 are not includedh the statistics.

Fylla Bank| Temperature®C] Salinity 2013 \
St. 2 Meanz std Meanz std | Tpot S
0i40 m 1.82+0.74C  33.41+0.2§ 2.30°C | 3341 |

The sedce extent was slightlyless than average (Figure 15), but with lower
concentratias for the Baffin Bay during winter/springigure 16). Contrary, he sea ice
concentratioroff Northeast Greenland wémsgher than normal until sumer, but further
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south the extent and concentrations was slightly below averagesame pattern is also
found in the air temperature anomahigure 9), suggestinghat the sedce deviationsis
partly controlledby the air temprature anomalies 2013.

The surface temperatures and salinities observed during0tt®surveys are shown in
Figure 21. The low salinity conditions observed close to the coast off Southwest
Greenland reflect th Polar Water carried to the area by the East Greenland Current. It is
less obviousn the temperature measurements due to surface heating from the atmosphere.
During the present surveys it can be traced nalrtiostto Sisimiut revealed by its low
salinity.

Within the Disko Bay the lowest surface salinities is due to the runoff from the large
outlet glaciers and partly from melting of sea during summer forming a B0 m

thin surface layer. A thin lovgaline surface layer is also observed in the Basay
outside Disko Bay properly formed by melting of sem Due to solar heatingnd a

very stable stratificationthese thin surface layers are relatively warm. The strong
halocline acts as an effective isolator and thereby the subsurface waters remain
considerable coldeF{gure22). The coldest waters-¥°C observed in the subsurface of
the Baffin Bay are likely cold Polar Water from the Baffin Current originating from the
Arctic Ocean through the Canadian Aplago as suggested by Tang et(2004)and
Myers and Ribergaard (2013)he upper part of thisold water is easily recognized in
Figure22 and inits core at depth with minimum temperaturd-igure23.

A vertical section of salinity, temperature and density over the shelf from Cape Farewell
to Upernavik is shown ifrigure 26. Polar Watewith salinities below 33.4s found at

Cape Farewell in the upper 100 m and further north to Fylla Battke upper ~40 m

At Maniitsoq the salinities has increased due to mixibgt the salinitystill remains

quite low below 33.7n the upper ~75 nThe surface temperature of the Polar Water
relative high above °Z in the upper 30 m due to solar radiatiothe minimum
temperature isnainly above 2C from Paamiut to Sisimiut-rom Aasiaatection and
further north to the Upernavik sectitime surface salinities decreases ancblder layer

was found with temperatures bele®’C in its corecentredat about 50n depth. This is

likely Polar Water from the Baffin Current as described above.

The normalized neasurface (2040 m) temperature and salinity indices for the
Southwest Greenland Waseare shown ifrigure13. The nearsurfacesalinity indexfor

2013 wereclose to zerowhereas the corresponding temperature index was slightly
negativecompared to the recent time period 198RL3 (mainly a warnperiod). This
indicatesnormal salinity conditionsin the near surface waters suggestigutnormal
presence of Polar Water. Tekghtly negative temperature index is mainly due to lower
temperature than normal in the surface waters north of Fylla Bardaledby lower than
normal surface temperature$ 0 m) over the continental slopeManiitsoq Eigurel8;
Table 3) and Sisimiut Figure 19, Table 4) sections.Similar indices are obtained for
similar calculatios usingthe upper 100 rand using the interval 5@50 m (not shown)

West of Fylla Bankin the depth interval 550 m, whee the core of Polar Water is
found, the salinity and temperature was above average condfiguose 17 ; Table?2).
Further north aManiitsoq st.5 Figure 18 ; Table3) and Sisimiut st.5Higure19 ; Table
4), the salinitiesare close to normahile thetemperaturesre slightly above normal
for the same depth intervdh Disko Bay at llulissat st.3Hgure 20), the temperature
and salinity was higher than normal.
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Figure13. Nearsurface (20 40 m) temperature (upper) and salinity (lower) index for the West
Greenland waters derived from CTD measurements from Cape Farewell to Sisimiut taken
during the time period 1992013.Black thick line is the average of all the 5 individual stations

on eachof the 6 sections, and the thin grey lines are the 30 individual stafle@sndices are
formed by subtracting the long term mean and divide by the standard deviation for each of the
30 stations from the Cape Farewell to Sisimiut sections. Thevelare able to combine all the
stations in one single index for salinity and temperature. By using all the stations we reduce the
influence of individual eddies and frontal movement over the continental shelf, which can alter
the water property quite sidicant for individual stations. The upper 20 m are excluded to
reduce the direct influence from atmospheric heating.

At intermediate depths water of Atlantic origin forms a layer with maximum salinity and
temperature. Brizontal maps of salinity andenperature at depth of maximum
temperatureand maximumsalinity are shown inFigure 24 and Figure 25. A vertical
section of salinity, temperature and density over the ek from Cape Farewell to
Upernavikis shown inFigure 27. The vertical distribution of temperature, salinity and
density at sections along the West Greenland coastline is shdwguire 281 Figure

37 and within the Disko Bay ifigure381 Figure4l.

Pure Irminger Water (D4.5C; S Pwastdaced orth tdvé Paamiutsection and
modified Irminger Water (TO3.5°C ; 3 4. 8 8) was oBserveflurthdr nodtito
Sisimiut section.The northward extension of Irminger Water may indicate intensified
inflow of water of Atlantic origin to the West Greenland afgarth of Sisimiut,relative
warm (> 3°C) watewas found below 15@00 m. This water is the extension of the
Irminger Water component of the West Greenland Current.

The average salinity and temperature at 800 m depth west of Fylla Bank (st. 4), which
is where the core of the Irminger Water normally is found, is showsigare 17 (red
curves). Theaverage salinity (34.83f this layerhas decreaseadose toaveragewhereas
temperature (4.5%) is still aboveaveraggTable2). However, smilar time seriesvest of

the bankdgurther north at Maniitsoq st.¥igure18; Table3) and Sisinut st.5 Figurel9,
Table 4) shows that the IrmingeiVater component of the West Greenland Current still
brings considerable amount of heat and salt to the iar@813 Similar, he bottom
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temperature and salinityas among the highest obserweithin the Disko Bayat llulissat
st.3(Figure20). Thisindicateghat the presence of Irminger Water was still high in 2013

On the thee southernmost sections, the salinity of the Irminger Water is reduced in 2013
compared to recent years. Tiare Irminger Water does not occupy as large a volume as
in recent yearslt has to a large extent been replaced by modified Irminger Wraggré¢

14). The presence of Irminger Water is still heyd higher than before mi®90s but the

core salinity has reduced. In contrary, the temperature of the Irminger Water component is
still high, which is likely aresult of the general warming of the North Atlantic Ocean.
West of Fylla Bank and further north, the salinity and temperature of the Irminger Water
component is still on historical high levels.
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Figure 14. Indices for the presee of pure Irminger Wateupper . TO45C; S O 34. 95)

modified Irminger Water (lower T 035C ; 34.88 O S < 34.95) f
Desolation, Paamiut and Fylla Bank sections in the depth inten@00m. Theindices are
calculated ade mean thickness of the water presence on all the statiadhe individual section

The minimum number of stations for each calculation is 3 (out of 5).

For a more comprehensive study of the hydrographic conditions off West Greenland, the
reader isecommendedo the work done by Myers et al. (2009, 2007). Here calculations

of volume, heat and fresh water transport for the 6 southern sections are given for the time
period up to 2008.
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Conclusions

Atmospheric and oceanographic conditions off Weastenlad during the summez013
were characterised by:

T
T

NegativeNAO index resulting irstrengtherwederlies over the North Atlantiduring
winter2012/13

Winter air temperare over the West Greenland waters wdsgher thanmnormaland
colder than normabver northern Europeonsistent withpositive NAO index The
annualair temperature oveWest Greenland waters waksohigher than normabut
not as pronounced as tiwnter anomaly

The sedce extent waslightly below averagendwith lower concentrationfor the
Baffin Bayand Southeast Greenland during winter/spring.

High presence of Irminger Watandnormalpresence of Polar Watkerdicated by:

Pure Irminger Water was observed on all section from Cape Farevirahtaiut
and modified Irminger Water #he Sisimiut sectiortHowever, he pure Irminger
Water does not occupy as large a volume as in recent years and it has to a large
extent been replaced by modified Irminger Water

West of Maniitsoq and Sisimiut, the mean temperature and salinity i6@0
depthwere higher than normalHigh values weralso found in Disko Bay off
llulissat at 300 m depth.

Water temperature on top of Fylla Bank was above avevageeas thealinity
was equal to the long term mean valliee positive watetemperaturanonaly is
likely due towarmer than normaltmospheric conditions

Averagenearsurface (2040 m) salinity indices for Southwest Greenland Waters.
About normal salinitiesand slightly above normal temperaturelservedat
Maniitsoq st.5 and Sisimiut Stin the depth interval 550 m. Contrary, west of
Fylla Bank(st.4) and in Disko Bay at llulissat st.&e salinity andtemperature
was above normal for the same depth interval.
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Sea Ice Extent Sea Ice Extent Sea Ice Extent
Dec 2012 Jan 2013 Feb 2013

Total extent = 12.2 million sq km Total extent = 13.8 million sq km Total extent = 14.7 million sq km

Sea Ice Extent Sea Ice Extent Sea Ice Extent
Mar 2013 Apr 2013 May 2013

Total extent = 14.4 million sq km Total extent = 13.1 million sq km

Sea Ice Extent Sea Ice Extent Sea Ice Extent
Jun 2013 Jul 2013 Aug 2013

Total extent = 11.6 million sq km Total extent = 8.5 million sq km Total extent = 6.1 million sq km

Figure 15. Sea ice extend (> 15%) for winter (DJF), spring (MAM), and summer (JJA) 2013.
Pink line shows the median ice edge for 12810. Figures from National Snow and Ice
Center (http://nsidc.org/)
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Sea Ice Concentration Anomalies
Dec 2012
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Figure16. Sea iceconcentraion anomaliedor winter (DJF), spring (MAM), and summer (JJA)

Sea Ice Concentration Anomalies
Jan 2013

y
&
3

National Snow and Ice Data Center, Bouider, CO
FEEEEE

$HE6°93aBR88S S

o oR
&3

EEEEEEN
&858

I
&
3

Total anomaly = -0.8 million sq km

Sea Ice Concentration Anomalies
Apr 2013
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Jul 2013
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Sea Ice Concentration Anomalies
Feb 2013
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Sea Ice Concentration Anomalies
May 2013
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Sea Ice Concentration Anomalies
Aug 2013
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2013 Anomalies are relative tthe median iceconcentrationfor 19812010. Figures from
National Snow and Ice Center (http://nsidc.org/)
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Figurel?. Timeseries of man Juneluly temperature (top) and salinity (bottom) for the period
19502013 averaged in four different depth intervals west of Fylla Bank (st.4) over the
continental slope. Thick curves are the 3 year running mean values. Note the change in scales at
34.75 for salinity. Statistics are shownTable2.

Table2. Statistics for potential temperature and salinity at Fylla Bank st. 4. and val 24 &r

Fylla Bank | TemperatureC]  Salinity 2013 |
St.4 Meanz std Meant std | Tpot S
0i50 m 1.87+0.83°C | 33.22+0.324 263°C | 33.56
50i150 m 1.08 £ 0.84C | 33.65+0.27| 2.29C | 34.07
150400 m| 2.65+0.88C | 34.31+0.19( 3.78°C | 34.59
4000600 m| 4.21+0.56°C 34.82 +0.08 4.55°C | 34.83
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Figure 18. Timeseries of mean temperature (top) and mean salimititofn) for the period
1946 2013in four different depth intervals wesh Maniitsoq st.®ver the continental slope.
The thick curves are the 3 year running mean valNete the change in scales at 34.75 for
salinity. Statistics is shown ihable3.

Table 3. Statistics for potential temperature and salinity at Maniitsoq (SukiEtst. 5. ad
valuesfor 2013

Maniitsoq | Temperature®C] Salinity 2013
St.5 Meanz std Meant std | Tpot S
0i50 m 2.50+ 0.96C  33.50+0.23| 1.69°C | 3361
50/ 150 m 1.32+0.86C 33.88+0.18 1.40°C | 3388
150400 m| 3.21+0.75C  34.53+0.14 426°C | 34.71
400600 m | 4.23+0.39C | 34.86 +0.06 4.70°C | 34.9
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Figure 19. Timeseries of mean temperature (top) and mean salimititofn) for the period

1946 2013 in four different depth intervalat Sisimiut, st.5over the continental slope. The

thick cunes are the 3 year running mean values. Note the change in scales at 34.75 for salinity.
Statistics is shown ifiable4.

Table 4. Statistics for potential temperature and salinity at SigifiHolsteindorg) st. 5. and

values for2013
Sisimiut | Temperature®C] Salinity 2013
St.5 Meanz std Meanz std Tpot S
0i50 m 1.67+1.43C 33.46%£0.32| 1.47°C | 3356
501 150 m 1.02+ 0.9CC  33.90+0.18 155°C | 3393
150400 m | 2.81+0.94C @ 34.46+0.16| 3.95°C | 3462
400600 m | 3.97+0.63C  34.77+0.09| 479°C | 3488
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Figure 20. Timeseries of mean temperature (top) and mean salinity (bottom) for the period
19802013 in four different depth interval®n llulissat st3 in the Diko Bay close to
Jakobshavn Isbra&he thick curves are the 3 year running mean values. Note the change in
scales at 33.9 for salinity. Statistics is showi able4.

Table 5. Statistics for potential temperature and salinity at lluliSs@nsen (Jakobshavn
Skansen) st. 3. and values 2013

llulissat | Temperature®C] Salinity 2013
St.3 Meanz std Meant std | Tpot S
0i50 m 1.31+0.90C 3298+ 0.3 | 0.65°C | 3301
50i 150 m 1.09+0.76C 33.69+0.1 1.70°C | 3378
150400 m| 1.90+0.73C  34.10+0.11 | 2.74°C | 3420
300 m 2.37+0.73C  34.23+0.09| 3.32°C | 3439
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Figure21. Surface salinity (left) and temperature (right) observetDitBtakenJune 111 July
01.
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Figure22. AsFigure21, but for 32 m depth.
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Figure 23. Salinity (left) and temperature (right) observed2013 (June 11i July 01)at the
depth of minimum tempature disregarding the upper 32 meters
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Figure 24. Salinity (left) and temgrature (right) observed 013 (June 117 July O1)at the
depth of maximum temperatudesregarding the upper 32 meters
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Figure 25. Salinity (left) and temgrature (right) observed 2013 (June 11i July 01)at the
depth of maximum sadity disregarding the upper 32 meters
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On Shelf, June/July 2013
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Figure28. Vertical distribution of temperature, salinity and density at the Eapmvellsection, Junél, 2013
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Fylla Bank, June 2013
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Maniitsog/Sukkertoppen, June 2013
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Sisimiut/Holsteinsborg, June 2013
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Figure33. Vertical distribution of temperature, salinity and density at the Sisimiut (Holsteinsborg) sectiob9iRMH013
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Aasiaat/Egedesminde, June 2013
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Figure34. Vertical distibution of temperature, salinity and density at the Aasiaat (Egedesminde) saatierBi 15, 2013
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Figure36. Vertical distribution of temperature, salinity and density at thessluaq section, June-28, 2013
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Upernavik, June/July 2013
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Figure37. Vertical distribution of temperature, salinity and density atthenavik section June 3G July 01,2013
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Qegertarsuag—Aasiaat/Godhavn-Egedesminde, June 2013
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Figure38. Vertical distribution of temperature, salinity and density at the Ad€§)aafertarsuaq (Egedesmiin@odhavn) sectionjune 2022, 2013
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0 Skaﬁen—Aku niq, June 2i1 3
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Figure39. Vertical distribution of temperature, salinity and densitthatSkansearmAkunaq section, Jurigl, 2013
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Skansen-llulissat/Skansen-Jakobshavn, June 2013
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Figure40. Vertical distribution of temperature, salinity and density at the Skatsissat (Skansenlakobshavn) sectiodune22i 23,2013
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Figure4l. Vertical distribution of temperature, salinity and density at the Appat (ArvepriEglansie) section, June22013
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