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Abstract

The regional hydrography in summer 2007 is presented and discussed bas¢éa on da
from standard sections along the west coast of Greenland and datadettigag trawl
surveys. In addition, data from four Southwest Greenland fjords are presented.

In 2007, the winter North Atlantic Oscillation (NAO) index was pwsitdescribing
anomalous strong westerlies over the North Atlantic Ocean.

The general settings in the region have traditionally been presettte offset in the
hydrography observed over the Fylla Bank. Here, time series of midtdunperatures
and salinities on top of Fylla Bank show only slightly above averagelitions

indicating a normalization relative to the recent extreme warming.

The presence of Irminger Water in the West Greenland watens above normal in
2007. Pure Irminger Water was observed at the sections off Capediaand Cape
Desolation, and Modified Irminger Water could be traced north to thaeiitslag
section. The Irminger water (water of Atlantic origin) wasmer than normal, but their
salinities were just above normal. The mean (400-600 m) salinityoféstla Bank
(st.4) was only slightly above normal while the temperature wa€ Ghove normal.
However, mean temperatures and salinities for the same deptairftar Maniitsoq
and Sisimiut were among the highest observed consistent with gleestzale settings in
the Subpolar North Atlantic (Holliday et al. 2008).

As for the Irminger Water, the presence of Polar Waterlaoestightly above normal in
2007. The extension of multi-year-ice (“Storis”) encountered duringstimeey was
about normal. West of Fylla Bank a clear cold Polar Water was observed, which had
about normal temperature and salinity, but furth@th west of “Sukkertop Banke” and
“Store Hellefiskebanke” the surface temperatures eedder than normal.



1. Introduction to the west Greenland oceanogr aphy

This report describe the hydrographic conditions in West GreenlandsAiat@007

from Cape Farewell in the southeastern Labrador Sea northwardetoavik in the
Western Baffin Bay (Figure 1). After describing data and methibes atmospheric
conditions are described, then the oceanographic conditions and finally fjord
observations are presented.

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 mieasurements were
preformed in 2007. The fjord sections at Sisimiut, but part of theossctvas measured in
2007 (see Figure 4). Contours shown for water depths in colours. Map prodiume®osan
Data View (Schlitzer, 2007).

The surface circulation off West Greenland is dominated by the wgoitiy 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
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from the Nordic Seas are found. Only the surface circulationbgilhandled in this
report.

The watermass characteristics in the West Greenland Careefdrmed in the western
Irminger Basin where the East Greenland Current and the Irm@geent 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
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 Rigumhereas 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 1990-1990cajidn of the two

sections. Isobaths shown: 1000, 2000 and 3000 m. b) Eastern Labrador Basin.eth West
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 iDakis Strait region. From
Valeur et al. (1997).



The tidal signal is significant. At West Greenland the strangigal signal is located

close to Nuuk at 64°N. The tides are primarily semidiurnal witkyeladifference
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 currentsiga/és a residual
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 iaedported from the Arctic
Ocean through Fram Strait by the East Greenland Current to GapedH, where it
continues northward by the West Greenland Current. “Vestice”sisyiar 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 2007. See Figure 1 for position of all sections measured in 2007.

2. M easurements

The 2007 cruise was carried out according to the agreement betwe&raenland
Institute of Natural Resources (GINR) and Danish Metegioal Institute (DMI) during
the period June 09-20, 2007 onboard the Danish naval ship “AGDLE¥Servations
were carried out on the following standard stations (Figure 1):

Offshore Labrador Sea/Davis Strait:
* Cape Farewell St. 1-5
» Cape Desolation St. 1-5
* Paamiut St. 1-5
* Fylla Bank St. 1-5
* Maniitsoq St. 1-5
» Sisimiut St. 1-5 and St. 0
Fjords around Sisimiut (Figure 4):
* Amerdloq St. 2, 4
» lkertoq St. 1, 4

» Kangerdluarssuk St. 1-3
 ltivdleq St. 1-4

Additional, Nuuk fjord st.3 (“hovedstationen”) was measured.



On each station the vertical distributions of temperature andtgalias measured from
surface to bottom, except on stations with depths greater than 750 me whe
approximately 750 m was the maximum depth of observation.

Multi-year-ice ("Storis”) was presence on the innermost @tatito the south and
“Vestice” (first-year ice) was meet on the outermosti@iabn the Sisimiut section
(Figure 5). Nevertheless, all planned stations was occupied, expeetFarewell st.1,
which was taken off position, but as close as one third of a kilometer.

o4+

2.9 Fils
73 9 CMAE
: 3
i 7.3
<1 <1
"4'\ r‘\ i B .
e E:::;‘ i"ﬁ
GJ\78. ) ‘ 75
- 765 )
2 < =i B e B
b 9 7 57
== 2
77 :
G 5
D E E
4-5 8-g 4-6 5
9 77 76 77 4
C 0°
i = i}
G
A
7 4
<t
7 G 23,
$ANF . 0.4C
= . 1
VLY 85
75 N R
F
7-9
76 —&
N k!
- A
559 50 AW A0PW 38 3w 28°W
Greenland Ice Chart Weekly Analysis
ol omi
e === Danish Meteorological Institute Valid: 17 June 2007, 12:00 UTC Polar View

Figure 5. Distribution of sea ice in Greenland Waters valid for 17. June 2007.

During the period July 4-23, 2007 the Greenland Institute of Natural Resaanced
out trawl survey from Sisimiut to the Disko Bay area and furb@th onboard “R/V
PAAMIUT”. During this survey CTD measurements were carriedasuthe following

standard stations (Figure 1):



Offshore Davis Strait/Baffin Bay:
* Sisimiut St. 1-5
» Aasiaat (Egedesminde) St. 1-6
» Kangerluk (Disko fjord) St. 1-4
* Nugssuag St. 1-5
* Upernavik St. 1-5

Disko Bay:
* Qegertarsuag—Aasiaat (Godhavn—-Egedesminde) St. 1, 3-4
» Akunag-Skansen St. 1-4
* llulissat (Skansen—Jakobshavn) St. 1-3
» Appat (Arveprinsens Ejlande) St. 1-3

3. Data handling

Measurements of the vertical distribution of temperature and tgalieire carried out
using a SEABIRD SBE 9-01 CTD. For the purpose of calibration of #heity
measurements of the CTD, water samples were taken atdgetdt on stations with
depths greater than 500 m or below sill depth in fjords. The water samples teetheaf
cruise analysed on a Guildline Portosal 8410 salinometer.

The CTD data were analysed using SBE Data Processing version soWare
provided by SEABIRD (www.seabird.com). Onboard the data was uploaded using
term17 in SEASOFT version 4.249 (for DOS) also provided by SEABIRD.

All quality-controlled data are stored at the Danish Meteorolbgriséitute from where
copies have been sent to ICES and via ICES to MEDS. Data arestaied at
Greenland Institute of Natural Resources.

4. Timeseries

4.1. Top of FyllaBank (st.2)

The classic West Greenland timeseries of temperature andysah top of Fylla Bank
(st.2, 0-40m) in the middle of June are extended using a surface atum@er
climatology initiated by Ryder (1917) from 1875, and maintained by Smed (1L8%8)
1975. The time series are shown in Figure 15 and statistitsbla 1 Smed used data
available within a large square region southwest of Greenland feke 50-60°W,
60-70°N) to estimate monthly means. An earlier study by Buch and H&b388)
presented these timeseries together, but they used 5-year runrangfondhe two
series, and did not attempt to merge them.

Despite the averaging method used by Smed covering a much lagehan the single

point Fylla Bank st.2., the overlapping period (1950-1975) shows, that the Smed data
from June seem to be representative for Fylla Bank st. 2 (0O—4@mpetature. The
correlation coefficient is significant with r=0.70 for the de-trehdeerlapping period.

The Fylla Bank st.2 climatology is offset by +1.3277°C relative tamef Smed’s
series for the overlapping period. The series are merged by atidirgffset to the full
Smed’s series. The “real” offset was not found in the old liteeatHowever, the value
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of this value is not that important, as the Smed data is now ‘atdir towards the
Fylla Bank st. 2 time series.

The temperature generally increase during spring. To compensathffesence in
between years, the Fylla Bank st.2 temperatures measured iardutybtracted 1°C,
which is approximately the mean difference in all temperaturekine and July. A
linear regression on the data gives a slope of 0.032+0.014°C/day correspanding t
roughly 1.0+£0.4°C/month (Figure 6), but the data are quite scattered. i heaoed
used this information to correct using the exact day of year, but weectmstck to the
simpler solution which have been used historically. We note, that thénimstape is
similar in amplitude as the standard division, but about a factoraié& lthan the total
temperature range for the time series. The salinity gepetedreases marginally from
June to July. The slope of a linear regression is -0.014+0.006 atagesponding to
about -0.4+0.2 per month (Figure 7). This is of the same order as tidarstalivision
(Table J, but more than 3 times lower than the total salinity range ofirtine series.
The latter stems from the Great Salinity Anomaly in the E860s. We choose not to
correct the salinity.

Due to the temperature correction, the timeserie are valid for mid-June.
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Figure 6. Scatterplot of surface mixed layer temperaturefasction of “day of year”. Black
line: Linear regression line. Grey lines: 95% confidence intdoraslope. Red/blue points:
before/after day 183.



Fylla Bank st.2, 0-40m Fylla Bank st.4, 0-50m
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Figure 7. Scatterplot of surface mixed layer salinity as atifomof “day of year”. Black line:
Linear regression line. Grey lines: 95% confidence interval slope. Red/blue points:
before/after day 183.

4.2. Timeserieswest of fishing banks. Fylla Bank, Maniitsog and Sisimiut sections

Timeseries are presented of June-July temperature and salieityged in 4 different
depth intervals west of Fylla Bank (Fylla bank st.4), “Sukkertoppen Bahkahiitsoq

st.5) and “Store Hellefiskebanke” (Sisimiut st.5). The timesenieshown irFigure 18
Figure 20andFigure 21and the corresponding statistics summarized in Table 2, Table 3
and Table 4. The stations used are all on the continental slope, winests are
expected to be intense and watermasses at depth showing minimal dilution.

The depth intervals represent different characteristica of @erwcolumn: surface
mixed layer (0-50 m), the core of the Polar Water (50-150 m), theotdre Irminger

Water (400-600 m). In contrast, waters in the interval 150-400 m do not repage
specific watermass but encompass the interface between the \Watar and the
Irminger Water. Consequently, variability in this layer can bated to both interface
changes and to changes in the properties of the pure watermats$eis dime-series is
mainly shown for completeness.

The time-series are updated from Buch (2002) using quality checked data fré2Eghe |
database. In Buch (2002) Maniitsoq st.5 and Sisimiut st.5 covered thel 9&@rs2000
and Fylla Bank from early 1950s to 2000. Data are preferable asadgsessible to
mid-June, but are taken from late May to July. A regression asdlgs been done, but
only at the surface mixed layer (0-50 m) significant slopedoamed for temperature
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and salinity (Figure 6 and Figure 7). However, we choose not to camgaif the data
with regards to time of the year.

For Fylla Bank st.4 (0-50m) the data are very scattered witto@e s about
0.6+0.5°C/month for temperature and -0.27+0.21 mibridr salinity. These monthly
slopes are lower than the standard divisions (Table 2) and much lmawethie bounds
of the data.

For Maniitsoq st.5 (0-50m) the slopes are 1.3+0.7°C/month and -0.3+0.2 frfonth
temperature and salinity. The monthly temperature slope is gligigher than the
standard deviation (Table 3), whereas the monthly salinity slopemesrland more
scattered (uncertain). For Sisimiut st.5 (0-50 m) the slopes ar8.71°8fmonth for
temperature and 0.0+0.2 motitfor salinity. The monthly temperature slope is slightly
higher than the standard deviation (Table 4), whereas (almost) noigrémand for
salinity.

We choose not to correct the surface temperatures (0-50 m) orsthgses, though
you could argue to do so — especially for Maniitsoq and Sisimiut. Therefore, conclusions
drawn form the surface should be taken with caution.

However, below 50 m we did not find any significant slopes and those fouedue#
below the standard deviation. Thereby we can rule out, that changesveebetears
are due to the timing of observation on these timeseries.

5. Atmospheric conditionsin 2007

The North Atlantic marine climate is to some exteoatrolled by the so-called North
Atlantic Oscillation (NAO), which is driven by the pressulifference between the Azores
High and the Iceland Low pressure cells. We use winte (December—March) sea
level pressure (SLP) difference between Ponta Delgada, AzateReykjavik, Iceland,
and subtract the mean SLP difference for the period 1961-1990 to constriiéi@he
anomaly. The winter NAO index during winter 2006/200asvpositivé (Figure 2) and
among the 10% highest observed in the past 143.yEae Icelandic Low was during the
winter months (December—Marts) centred south oefemnd over the Irminger Sea and
Labrador Sea south of Greenland (Figure 9), whickespond to a slightly displacement
towards the Labrador Sea (Figure 10). Both the Icaeddmlv and the Azores High was
strengthen (Figure 10) resulting in an increased prestifierence over the North Atlantic
sector than normal.

The pressure difference has the effect that theewies over the North Atlantic Ocean
south of the Nova Scotia/Great Britain line wa®rsgthened with anomaldusvinds
towards west (Figure 12). Over the East Greenland, ssglecially between Jan Mayen
and Greenland, the mean wind direction was towsod$h (Figure 11). South of Iceland
the wind anomaly was slightly deflected towards éBfend. Over the Labrador/Davis
Strait area, the wind anomaly was normal, i.e. siegngthened/intensified winds from
Canada onto the ocean, due to the displacemein¢ dé¢elandic low towards the Labrador
Sea. Instead, the increased land-to-sea wind aresmakre displaced southward from
Nova Scotia.

! The NAO index using December — February was afsitipe.
2 Anomaly defined as the difference from normal étimias relative to the period 1968—1996.
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Figure 8. Time series of winter (December—March) index of theONfom 1865/1866—
2006/2007. The heavy solid line represents the NAO index smoothed witlear Banning
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 0.8 + 7.3al#a. D
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 normaXgeriences cold conditions when the
NAO index is positive. However, as can be seen ffagure 13 the annual mean air
temperature for 2007 in Nutikvas -0.62C which is about 1°C above average, despite of
a positive NAO index. The explanation is likely doettie displacement of the Icelandic
Low towards Labrador Sea combined with general drigemperatures in the North
Atlantic during the last years (Holiday et al., 800The mean annual air temperature for
2007 was above normal for almost the entire Notthric region with anomalies above
1°C West of Greenland and even above 2°C over #ws[Btrait region (Figure 14).

Sea surface temperatures in West Greenland often follow thake afr temperatures,
major exceptions are years with great salinity anomalies/e&s with extraordinary
presence of Polar Water. However, in 2007 the mean temperature (1.8d°€3jliaity
(33.49) on top of Fylla Bank in the middle of June was close to normal cosdit
(Figure 15 and Table 1), despite air temperatures in Nuuk and Gamidaway above
normal (Figure 13).

NCEP/NCAR Reanalysis
Sea Level Pressure (mb) Composite Mean

NOAA/ESRL Physical Sciences Division

Dec to Mar: 2007 to 2007

1 1 1 1 |
998 1002 1006 1010 1014 1018 1022

Figure 9. Winter (DJFM) sea level pressure for 200@72n the North Atlantic region.
NCEP/NCAR re-analysi§rom http://www.cdc.noaa.gov)

% Nuuk temperature for October was taken from thak\airport synop station 04254 due to failure a th
instrument on synop station 04250 (Nuuk)..
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Sea Level Pressure (mb) Composite Anomaly 1968-1996 climo

NOAA/ESRL Physical Sciences Division

B R I — — — — —

-8 -6 —4 -2 0 2 4 6 8

Figure 10. Winter (DJFM) sea level pressure anomal2®6/2007 in the North Atlantic region.
NCEP/NCAR re-analysi§rom http://www.cdc.noaa.gov).

NCEP/NCAR Reanalysis
1000mb Vector Wind (m/s) Composite Mean

Dec to Mar: 2007 to 2007

— | | l 1

3 5 7 9
Figure 11. Winter (DJFM) wind for 2006/2007 in the North Atlantic sagiNCEP/NCAR re-
analysig(from http://www.cdc.noaa.gov)

NCEP/NCAR Reanalysis
1000mb Vector Wind (m/s) Composite Anomaly 1968—1996 climo

Dec to Mar: 2007 to 2007

= | I l 1
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Figure 12. Winter (DJFM) wind anomaly for 2006/2007 in the North Atlamégion.
NCEP/NCAR re-analysidrom http://www.cdc.noaa.gov).
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Figure 13. Annual mean air temperature observed at Nuuk and gdsiiléhe period 1873—
2007. The mean and standard deviation is -1.68 + 1.21 °C for Nuuk and -1.19 %COtér
Tasiilag. Nuuk temperature for October 2007 was taken from the Bigodrt synop station
04254 due to a failure on the instrument (synop 04250).

NCEP/NCAR Reanalysis
1000mb air (C) Composite Anomaly 1968-1996 climo

Figure 14. Anomalies of the mean air temperature for 2007 in théh Mdkantic region.
NCEP/NCAR re-analysiéfrom http://www.cdc.noaa.gov)

-12 -



Table 1. Statistics for potential temperature and salinity Fylla Ba2k $he timeseries are
corrected for annual variations in order to get the temperature in mid-Jure dStaenot
included for the statistics.

Fylla Bank| Temperature [°C]  Salinity 2007
St. 2 Mean = std Mean = std Tpol S
040 m 1.78 £0.76°C | 33.41+0.29.84°C| 33.49

Temperature
= 3-year running mean
1 |
1980 2000

|
1920

34

33.8

33.6

33.41

33.2

33

32.8

32.6

324

—e— Salinity
= 3-year running mean

1880

|
1900

|
1920

1940

1960

1980

|
2000

Figure 15. Timeseries of mean temperature (top) and mean\sglinitom) on top of Fylla
Bank (0—40 m) in the middle of June for the period 1950-2007. The red cuhe Isyear
running mean value. Statistics is shown in Table 1. The timesé&ietemperature (top,
magenta/purple) is extended back to 1875 using Smed-data for areseéAth@pter 4.1. for
detalils).

6. Oceanogr aphic conditions off West Greenland in 2007

The surface temperatures and salinities observedgdthe 2007 cruise are shown in
Figure 16. The cold and low salinity conditions obedrelose to the coast off Southwest
Greenland reflect the inflow of Polar Water carrtedthe area by the East Greenland
Current. Water of Atlantic origin (T8; S>34.5) is normally found at the surface at the
three outermost stations on the Cape Farewell e ©esolation sections (Figure 24
and Figure 25). This year this water was found jukivbe thin surface layer (compare
Figure 16 and Figure 17), but not as pronounced as dast(Ribergaard, 2007The
relative low salinities are caused by a thin lagérPolar Water that was spread out
towards the interior of the Labrador Sea and hgawixed from below by waters of
Atlantic origin. This thin layer was heated by solasolation and possibly also from
below by the warmer waters of Atlantic origin.
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Figure 16. Salinity (left) and temperature (right) observed in 20GFe surface (mostly 2—6
m). The data are all from June (south of Sisimiut) and July (north of Sisimiut).

In the Baffin Bay the low surface salinities, generally beB3yoriginate from the large
outlet glaciers but also from melting of sea-ice during sum8amities of about 33.5—
34 reflect the core of the West Greenland Current, which is slightly modifieddoytia
Water. The warm surface waters in and around the Disko Bay auesed by solar
heating of the 20-30 m thin low-saline surface layer. Therefogeniot seen at 34 m,
but only at the surface. The cold waters <0°C observed offshore inkikerface of the
Baffin Bay (Figure 17) is the top of the layer of previous wirtenvected waters.
Above (Figure 16), a thin low-saline surface layer is found formed by meltirepats.
This layer is heated due to solar radiation.

A vertical section of salinity, temperature and density over lied dreak from Cape
Farewell to Sisimiut is shown in Figure 22 and over the shelfgar€i23. The vertical
distribution of temperature, salinity and density at sections alomgMest Greenland
coastline is shown in Figure 24 — Figure 34 and within the Disko B&jgure 35 —
Figure 38.
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Figure 17. As Figure 16, but for 34 m depth.

At intermediate depths pure Irminger Water (T ~°@;55 > 34.95) was traced north to
the Paamiut section. Modified Irminger Water (T >°8.5 34.88 < S < 34.95) was
observed all the way north to Maniitsoq section. The northwarahsate of Irminger
Water may indicate intensified inflow of water ofl@tic origin to the West Greenland
area. The temperature of the Irminger Water wageéaneral higher than in normal
conditions. As the Irminger Water is not in direcntact with the atmosphere in West
Greenland waters, local heat gain is not a likely exgilan, instead elevated temperatures
may be linked to the recent maximum of heat in tloetiNAtlantic currents feeding the
Irminger current (Holliday et al 2008) in additiomwarmer air temperatures than normal
over the North Atlantic (Figure 14).

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 temperature of this layer was 4.59%ichvis about 0.4°C higher than
normal whereas the average salinity of 34.85 wasgbove normal by 0.04 (Table 2).
Temperatures and salinities above normal may itelithat the inflow of Irminger Water

was stronger than normal.

-15 -



L ; : : :

| 1
1950 1960 1970 1980 1990 2000

34.95
34.85-
34.75}
34.51-
BAl g T
3
33.51
3
33_.....'1“'\'..... I‘ NG n's oo | ..I".‘ll‘......
i ) f —&— 0-150m :
150400 m :
e sma |
1950 1960 1970 1980 1990 2000

Figure 18. Timeseries of mean June-July temperature (top) anidysgdottom) for the period

1950-2007 averaged in four different depth intervals west of Fydlak Bst.4) 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 Badkand values for 2007.

Fylla Bank | Temperature [°C]  Salinity 2007
St.4 Mean = std Mean = std Tpol S
0-50 m 1.86+£0.87°C | 33.20+0.32.53°C| 33.33
50-150 m 1.04+£0.85°C| 33.63+0.264.16°C| 33.71
150400 m| 2.57 £0.86°C | 34.28 £ 0.1J72.80°C| 34.32
400600 m| 4.17 £0.57°C | 34.81 +0.084.59°C| 34.85

Similar timeseries west of the banks for furthertm@t Maniitsoq st.5 (Figure 20) and
Sisimiut st.5 (Figure 21) confirm, that the Irmingerad component of the West
Greenland Current still brings heat and salt tcaite&. The temperature measured in 400—
600 m was record high at Sisimiut and the thirchegg at Maniitsoq, while the salinity
was the second highest observed on both timeseege\ér, contrary the Fylla Bank st.4
(Figure 18, Maniitsoq st.5 and Sisimiut st.5 are only regmteeasured since 1970, while
the former “warm period” in the 1950s—1960s is apgradically measured.

In the early 2000s the air temperatures has ineteesnsiderable (Figure 13). In 2007 the
air temperature in Nuuk was still very high, butvéw than the past few years. Similar,
Tasiilag air temperature was still above normal aadhparable with the warm period

from the mid-1920s to the mid-1960s. The high emjperature at Nuuk could be a result
of a general positive air-temperature anomaly twveiDavis Strait (Figure 14).
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In general, the surface salinity over the shelfrseéo be close to normal and the multi-
year-ice “Storis” was present off the southeasstofGreenland and in the Julianehaab
Bight in normal concentrations (Figure 5).

In 2007, a well defined core of Polar Water, revealedsdpw temperature, was observed
west of Fylla Bank at 50-100 m depth. It was mudhmepronounced than in 2003—2005
(Ribergaard and Buch, 2004; Ribergaard and BucB5;2Ribergaard, 2006) but less
pronounced than in 2006 (Ribergaard, 2007). TharRbkater core was also remarkably
well defined on the Maniitsoq section and also saethe Sisimiut section indicating

above normal inflow and presence of Polar Water.

At the outermost station (st.5) of Sisimiut, veswlsalinities were observed in the surface
due to melting of the sea-ice, which was preseastadion, and the temperature of the top
100 m was below 0°C. This water is most likely Polar&vaansported southward by the
Baffin Current, as indicated by the slope of tlogpignals.

From the Aasiaat section in the south to the Upernavikoseictithe north, a distinct Polar

Water core was absent. Instead a colder layer asdfwith temperatures below 1°C
(below -1°C at Nugssuaq and Upernavik) in the cesttelepth at about 75 m. This layer
was most likely formed during winter by convectidrine rejection increases the low
surface (0-50 m) salinities, so it can overcomesthang haline upper stratification which
is created during summer by melting of sea-iceranebff of fresh water from land. The

top of this layer can be seen in Figure 17. Below the colslLsialwe layer, a relative warm

(> 2-3°C) watermass was found with a core around-800 m. This water is the

extension of the Irminger Water component of the M&senland Current.

West of Fylla Bank (st.4, Figure 18), the salinity was aboutal in the upper 400 m and
slightly above normal below 400 m (Table 2). Howettag, surface temperature (0-50 m)
was slightly below normal, while the temperaturé¢hi@ core of the Polar Water in 50-150
m was about normal. Below 150 m, and especiallpvbel00 m, the temperature was
higher than normal. Generally, the same conditizsgen further to the northwest, off the
“Sukkertop banke” and “Store Hellefiskebank&igire 20and Figure 23, but surface
temperatures was lower than normal in the uppemi50n these northern stations, lower
surface temperatures in the surface mixed layerQ(wd could be explained by the
presence or nearby presence of west-ice.

Surface temperatures below normal despite of armmegbositive air temperatures over

the Davis Strait (Figure 14) and about normal tempegatin the core of the Polar Water

indicates normal to above normal inflow of Polart&/aThe presence of both multi-year-

ice and west-ice (Figure 5) likely also has the éffibat the surface temperatures remain
lower than normal.

Noticeably, since the mid-1990s, the temperaturgt weand on top of Fylla bank seems
to be relative warm without sudden particular cold perigdsaa happen in the late 1960s,
the early 1980s and the early 1990s (Figure 15 anatd-it8). Likewise, since the early
2000s, the mean salinity at 400600 m depth westimaeased which may indicate
increased strength of the Irminger Current as sigdeby Ribergaard (2004). Similar
record high property values are observed furthethm@st of “Sukkertop banke” and

“Store Hellefiskebanke”, with the two exceptionsgtthelative cold surface waters is also
observed in the late 1990s and the increase indetyse are more gradually during the
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late 1990s and remains high in the 2000s below 1&Bgure 20 and Figure 21). Using

more advanced analytical methods,, Myers et al.AR8Bo reported increased strength of
the Irminger Water component on the Cape Farev@dhe Desolation and Paamiut
sections, which is likely linked to the North Attamsubpolar gyre circulation (Hatan et

al., 2005). This warming of the subpolar gyre wiks® abserved by Stein (2005). Not

surprisingly, similar increase in salinity and tergiure are observed in the Atlantic
Water in the eastern North Atlantic and the NordicsSetlliday et al., 2008), suggesting

that the recent changes in the Irminger Water ptppe an outcome of changes in the
circulation in the North Atlantic subpolar gyreazitation.
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Figure 19. Sketch of the circulation in a fjord (modified from hitpuv.amap.no/maps-
gra/show.cfm?figureld=58).

West Greenland fjords 2007

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 i 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
experience a large tidal signal which cause extensive Jentiséng and significant
horizontal ventilation which by far dominate the fluxes of freshwiateéhe fjords over
shorter timescales.

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 @aen Mainly

three different watermasses can be found in the West Greenlandic fjords:

» Relative warm and saline waters of Atlantic origin (mixed Irminger Yyate

» Cold and relative fresh water of polar origin (mixed Polar Water).

» Fresh surface water from land, either as melting of the Gnegrite Sheet or from
precipitation (surface water).
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The flux of fresh surface water from land is highly variable @easonal scale. When
exported from the fjords, this brackish water is mixed with theosading surface

waters, which is Polar Water. Mixing continues along the coast tl@dvatermass

keeps close to the coast. In the following it is named Coastal Polar Water.

6.1. Fjords south of Sisimiut

Hydrographic data were obtained from four fjords around Sisimiut in 20QuréFR39—
Figure 42). They represent two very different types of fjords: withh deep sills
(Amerdloqg, lkertoq), one with shallow sills (Kangerdluarssuk). ltivdlegdf has an
intermediate sill depth, and somewhat confusing, this categorizssatfjord with a
shallow sill, which however occasionally show properties resembling a fjord witpa de
sill depth. None of the fjords are directly connected to the Greerdarstheet, as can be
seen directly on a topographic map, and so the fresh water supply aedmitad to
runoff from land.

In the deep sill fjords, Amerdloq and lkertoq fjord (Figure 39 and Fig0je the sill
depth is about 150-180 m. These sill depths allow relative warm and waliees of
Atlantic origin to enter the fjords close to the bottom. The dewsitiiis bottom water
is higher than the Coastal Polar Water above, even at the frgerimgof the Coastal
Polar Water. Thereby winter convection to the bottom is prevented uwhliess by
brine rejection during sea-ice formation. The bottom water up to ahlbudepth
remains saline and “warm” (1-3°C). Above sill depth the salinitiees almost
homogenous whereas the temperature is coldest just above the entefaeen the
diluted Irminger Water and the Coastal Polar Water. This coldrwauld be a result of
winter convection of Coastal Polar Water, or it is just the obtke Polar Water. Close
to the surface a thin warm layer was found caused by the sun heatingoff water
from land.

Kangerdluarssuk fjord (Figure 41) can be considered as a fjord witlovshsill.
Kangerdluarssuk fjord has a sill depth of about 50 m. The whole bottonbkgev sill
depth is filled with Coastal Polar Water and the salinity iy W@mogeneous. During
winter the Coastal Polar Water are cooled and undergoes convectidhe Agater
inside the fjord have homogenous salinities the whole water columgradeally
cooled by winter convection and the water become totally homogenous Kneutra
stability). Therefore cold temperatures are measured belowdegith. The bottom
temperature is below 0°C and the bottom salinity is around 33.6. The liontysat
depth indicates that the winter cooled water is actually Co&stiar Water. At the
surface relative warm water is found caused by the solar iadidtiring spring and
summer. In the top a thin warm solar heated fresh water cafpowas caused by runoff
from land.

Itivdleq fjord (Figure 42) has a sill depth about 70 m, largely prolibiim and saline
water of Atlantic origin to enter the fjord. However, occasiondly deep water is
influenced by water from outside the fjord, which is denser and mére shan the
water found in the fjord above sill depths. The bottom salinities raxend 33.75 and
temperatures below 0°C. Increasing salinity with depth below glihdedicates, that
winter convection to the bottom has not taken place in the last &@w. {dowever, the
density of the bottom water is only marginally higher than theutzted density of the
Coastal Polar Water found just above sill at its freezing poimt ihdicate, that the
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total heat loss during winter 2007 was just not enough to create deegtaamvia the
top near the mouth of the fjord, a thin warm solar heated fresh water capdscfaused
by runoff from land.

Figure 43 and Figure 44 displays the temporal evolution in the piegpdn the
Amerdlog/lkertoq fjords. Between 2003 and 2005 (no measurements in 2004) the
bottom water has become slightly more saline (and denser) imdicatcreased
influence of mixed Irminger Water. This is in agreement witle findings by
Ribergaard and Buch (2005) showing record high salinities in 2004 wegllaaB@&ank
in 400-600m and with Ribergaard (2006) showing lower, but still high, sadinitie
2005. From 2005 to 2006 the salinity (and density) decreased slightly, vghiohbe
expected, as the sub-surface salinities in 2006 west of Fylla BasKkower than in
2005 (Figure 18) indicating that no inflow to the bottom has taken pla@0m the
salinity continued to decrease and a cold water tongue is seentcltiee sill depth.
This is most likely the remaining water from previous winter cotiwe, as the cold
waters are not seen outside the fjord (Figure 39 and Figure H®Xé&crease in salinity
and density are due to mixing within the fjords. In both fjords, the upgamo@round
150m) salinities decreased from 2005 to 2006 indicating an increasedaeaflaePolar
Water.

Bottom temperatures in the Kangerdluarssuk fjord has become coldsliginty less
saline than previous years 2003, 2005 and 2006 (Figure 45). This is likelyp due
combination of colder atmospheric winter temperatures in 2006/7 than preears
resulting in a larger surface heat flux. The slightly deeréasottom salinity could be
due to increased influence of Polar Water in 2006 (Ribergaard, 2007) eahoar
2003-2005, leaving lightly fresher waters in the surface, which undergogsation
during winter.

Itivdleq fjord was only observed in 2005, 2006 and 2007 (Figure 46). Both the bottom
and surface salinity has become less saline and the densitycheaseée throughout the
water-column and the temperature of the water below sill-depth has becal®e Tbis

is a sign of increased influence of Polar Water and colder wirdsr for the
Kangerluarssuk fjord.
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Conclusions

Atmospheric and oceanographic conditions off WasteGland during the summer 2007
were characterised by:

» Positive NAO index.

» Displacement of the center of the Icelandic Lowdnis the Labrador Sea.

* The strength of the westerlies over the North Aitamas decreased, caused by
weakened Icelandic low and the Azores high. Buy esnlith of the Nova Scotia/Great
Britain line.

* The wind conditions over the southern part of Gleeahwas about normal.

* Increased strength of winds towards south overttl® Greenland shelf centred at
about Jan Mayen.

* Anomalies warm air over most of the North Atlarg@ctor by about 1-2°C.

» Air temperature in Nuuk was about 1°C higher thammal.

* Water temperature and salinity on top of Fylla Bals about average in June.

» Slightly above normal presence of Polar Water and aboveah@resence of Irminger
Water indicated by:

- Normal concentration of multi-year-ice (“Storis”).

- Generally cold surface waters on the northern sections and over the shelf.

- Well defined cold Polar Water core was observed oBylla Bank.

- About normal temperature on top of Fylla Bank, dtespf higher air temperatures
over the Davis Strait area than normal.

- Pure Irminger Water was observed north to the Ra#taggiction and Modified
Irminger Water could be traced up to the Sisimaation.

- The Atlantic Water component was warmer and morgesahan normal
indicating above normal strength of the Irmingerr€ant but other explanations
cannot be ruled out.

- West of Fyllas Bank (st.4) the mean temperatured@0—600 m depth was
approximately 0.4°C above average and the saliratyabove normal as well.

- West of “Sukkertop Banke” and “Store Hellefiskebehk the observed
temperatures and salinities were among the highesstrved in 400—600 m depth.
However the time series are not as complete asSyileeBank st.4.
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Figure 20. Timeseries of mean temperature (top) and mean\sdboitom) for the period
1946-2007 in four different depth intervals west of “Sukkertop Bankein{itsoq, 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 showhable 3

Table 3. Statistics for potential temperature and salinityaiitéoq (Sukkertoppen) st. 5. and
values for 2007.

Mamiitsoq | Temperature [°C]  Salinity 2007
St.5 Mean = std Mean = std Tpolt S
0-50 m 2.58 £0.98°C | 33.51 +0.24.29°C| 33.63
50-150 m 1.35+0.89°C| 33.89+0.20.15°C| 33.86
150400 m| 3.10+0.68°C | 34.52 +0.1]33.51°C| 34.53
400600 m| 4.18 +0.37°C | 34.85+0.0p4.77°C| 34.92
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Figure 21. Timeseries of mean temperature (top) and meantysgboitom) for the period
1946-2007 in four different depth intervals west of “Store Helleffish&e” (Sisimiut, 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 showale 4

Table 4. Statistics for potential temperature and salinityisatnisit (Holsteinsborg) st. 5. and
values for 2007.

Sisimiut | Temperature [°C]  Salinity 2007
St.5 Mean * std Mean = std Tpot S
0-50 m 1.72+£1.45°C | 33.47 £0.310.56°C| 33.32
50-150 m 0.97 £0.89°C | 33.89 +0.190.86°C| 33.95
150400 m| 2.64 +0.85°C | 34.43 £ 0.15 3.80°C| 34.60
400600 m| 3.86 £0.59°C | 34.75+0.084.85°C| 34.88
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Shelf Break, June 2007
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Figure 22. Vertical distribution of temperature, séfiand density over the continental shelf breaknff@ape Farewell to Sisimiut, June 9-20, 2007.



On shelf, June 2007
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Figure 23. Vertical distribution of temperature, s&jimnd density over the shelf banks from Cape Faltéw Sisimiut, July 10-19, 2007.
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Cape Farewell, June 2007
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Figure 24. Vertical distribution of temperature, s@jimnd density at the Cape Farewell section, Ju€,2007.
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Cape Desolation, June 2007
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Fylla Bank / Nuuk fjord, June 2007
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Figure 27. Vertical distribution of temperature, salinity and density at tifee Bgnk section, June 12-13, 2007. The section is extended by Godthaab (Nuuk)
fjord st. 3 (“hovedstationen”) on right side of the plot.
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Figure 28. Vertical distribution of temperature, sajiaibd density at the Maniitsoq (Sukkertoppen) sactiune 17-18, 2007.
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Sisimiut/Holsteinsborg, June 2007
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Figure 29. Vertical distribution of temperature, saliaiti density at the Sisimiut (Holsteinsborg) sectlmne 19-20, 2007. Sisimiut st. O right.

33



Sisimiut/Holsteinsborg, July 2007
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Figure 30. Vertical distribution of temperature, saliaif density at the Sisimiut (Holsteinsborg) sectiuly 4-5, 2007.
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Aasiaat/Egedesminde, July 2007
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Figure 31. Vertical distribution of temperature, saliaityd density at the Aasiaat (Egedesminde) seclign,7—8, 2007.
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Kangerluk/Disko fjord, July 2007
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Figure 32. Vertical distribution of temperature, salimityl density at the Kangerluk (Disko Fjord) sectibiy 10-11, 2007.
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Nugssuaq, July 2007
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Figure 33. Vertical distribution of temperature, saliityl density at the Nugssuaq section, July 21-®¥,.2
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Upernavik, July 2007
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Figure 34. Vertical distribution of temperature, salilaityl density at the Upernavik section, July 222P87.
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Qeqertarsuaqg-Aasiaat / Godhavn-Egedesminde, July 2007
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Figure 35. Vertical distribution of temperature, salirityl density at the Aasiaat—-Qeqgertarsuaq (Egeddsr@odhavn) section, July 13-14, 2007.
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Skansen-Akunagq, July 2007
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Figure 36. Vertical distribution of temperature, salimityl density at the Skansen—Akunag section, Jylgaoy.
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Skansen-llulissat / Skansen-Jakobshavn, Jul2007
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Figure 37. Vertical distribution of temperature, salilityl density at the Skansen—llulissat (Skansenbdhkon) section, July 15, 2007.
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Appat / Arveprins Ejlande, Jul2007
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Figure 38. Vertical distribution of temperature, salinity and density at thet Aapeeprins Ejlande) section, July 18, 2007.
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Sisimiut/Amerdloq, June 2007
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Figure 39Vertical distribution of temperature, salinity astehsity at the Amerdloq fjord, June 19-20, 2008in@ut section left (identical to Figure 27).
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Sisimiut/lkertoq, June 2007
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Flgure 40 Vertical distribution of temperature, salinity atehsity at the Ikertoq fjord, June 20, 2007. Sigirsection left (identical to Figure 27).
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Sisimiut/Kangerdluarssuk, June 2007
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Figure 41 Vertical distribution of temperature, salinity athehsity at the Kangerdluarssuk fjord, June 20, 28&imiut section left (identical to
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Sisimiut/Itivdleq, June 2007
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Flgure 42 Vertical distribution of temperature, salinity athehsity at the Itivdleq fjord, June 21, 2007. Sigtreection left (identical to Figure 27).
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Figure 43Hovmodller diagram of vertical distribution of tenngteire, salinity and density at the Amerdloq fistd, late June/July 2003, 2005-2007.
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Figure 44Hovmodller diagram of vertical distribution of tenngteire, salinity and density at the Ikertoq fiard,date June/July 2003, 2005-2007.
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Figure 45Hovmodller diagram of vertical distribution of tennateire, salinity and density at the Kangerdluar§isudt st.3, late June/July 2003, 2005-2007.

49

2008




Pressure [dbar] Pressure [dbar]

Pressure [dbar]

ltivdleq st.4

Salinity
0 . : ' ~ @346
34.3
100 — I 34
200 L 33.75
33.5
300 —
33
400 - M
129
500 i ! | :
2003 2004 2005 2006 2007 2008
Potential temperature [°C]
0 z 1 L = _
' 6
100 - B
| | Fi4
200 ;
300 - 2
1
400 — - 0
%
500 T ] I I
2003 2004 2005 2006 2007 2008
Sigma-Theta
. 1 1
0 . 27.4
100 - 27.2
27
RHO= | Blees
300 I~ 26
400 — —
: 235
500 I I | I I~
2003 2004 2005 2006 2007 2008

Figure 46. Hovmoller diagram of vertical distrilmuttiof temperature, salinity and density at thelliig fiord st.4, late June/July 2005-2007.
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