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Abstract. Hydroyaphic sections in the 1'--~ordic Seas l-vhich have been repeated 
rlurin<> the 1990s are comoared with observations from 1958 (IGY) in the • -------1;;:> -- ..._ 
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the water mass structure has changed considerably since 1958/i965. In the 
Greenland Sea there has been a wanning since the 1970s and the volume of \-vater 
with salinity higher then 34.9 has increased while the volume of older Greenland 
Sea Deep Water has decreased and vanished after 1995. The product of the vvinter 
convection when no deep water is formed, is a less dense water mass which 
spreads isopycnally on top of the deep water. Depending on wind conditions, thls 
water mass extends from the Greenland and Iceland Seas into the Norwegian and 
Lofoten basins and fonns an inteuuediate layer between the inflowing Atlw"ltic 
Water and the Deep water. Also the deep water formation seems to be wind 
generared since mere seerns to be close correlation between the upper layer 
,,];n;tv ;n th" ""ntral Greenland Sea and the 11radient of the mean sea level 
~-&&•&~J -·- ---- ----- - -------- - ..... 

pressure across the East Greenland Current. 



lntroduction 

During t.'le past three - four decades there has been a gradual cooling and freshening in the 

western and central Norwegian Sea. This is driven by the prevailing \vind conditions it'1 the 

manner that increased weste.rlies res.ult in an east'-;vard shift of the Arctic fronl in the 

Nonvegian Basin. Accordingly, there will also be a corresponding change in the water mass 

distribution wiih the increased eastward extent of the Arctic water masses (Blindhei.'1l et al. In 

press). Further north, in the Greenland Sea, there are contempor&.·-y changes in the w·ater rnass 

structure which seem to be closely associated with this variability in the Norwegian Sea. 

Time series of hydrographic and trancient tracer data have revealed va..riability of the 

Greenland Sea Deep Water (GSDW), probably associated w·ith changes in the intensity of 

deep water formation.( For example. Aagaard, i 968; 1vieincke et al., 1992, Bønish and 

Schlosser, 1995) During the winters of the period since the early !980s, there has been little or 

no formation of deep water in the Greenland Sea (BOnish et al. 1997). This has resulted in 

changes of properties and dist..ribution of t..~e waterrnasses in the l..J"ordic seas. The present 

paper presents some preliurinary results from a time series of temperature/ salinity 

observaiions in the area since 1991 and compares these observations with observations from 

the !950s and the !960s. 

Data 

IGY data from the Norwegian a.qd Icela...'1d Seas are applied for comparison in the Svinøy 

Section \Vhile a section along 74,5° l"~ fron1 i965 is used for comparison in the Greenland Sea. 

These data are obtained by use of reversing thermometers and water bott!es "nd are of 

considerably lower accuracy than the CTD data from the 1990s. It is ho\.vever felt th.at, after 

thorough screening, they are good enough to show the main features of the water mass 

structure for corrtpa..-ison with the more recent observations. The CTD data since 1993 have fUl 

accuracy of wiihin ±0.001 in both temperature and salinity, whi!e those from 1991 and 1992 

are slightly less accurate. During 1991-1996 the data in the Greenland Sea were collected in 

November or December, in 1997 during :r-"1ay, in 1998 during August and in 1999 during 
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Results and discussion 
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greater pressures, averaged over stations between 3°W and 2°E, mainly between 1 °\V and 

l 0 E, at 74.5°N or 75.0°N. It is shown that there has been a ternperature increase at the depths 

depth of 1500 dB ar where it exceeded 0.25°C. As a consequence, tt1.e te1~1peratures at this 

rlPnth h~< hf>en hi"her than at the denths of 1000 and 1200 dBar since 1995. Even at 3000 
--r-~~ ---- -- ----o---- -- ... ·-

dB ar there has been an increase of 0.08°C since 1991. 

The mean temnerature below 2000 rn depth in the centrai Greenland Basin has been presented . -
by several authors (e.g. Clarke et al. 1990). The- equivalent temperature in 1999 was -1.102°C. 

This represents an a warming of O.l oc since i 991 and of 0,21 oc since the latest observcd 

roinimum in 1972. 

The curves for 1000 and 1200 rn depth show a more noisy inter annual variability than those 

at greater depth. This rnay be an effect of convection during the previous winter. Also the 

weak temperature signal in 1997 which is visible to the depth of the curve for 3000 dBar rnay 

be due to convection and may possibly be associated \');.rith a chirnney like feature which was 

observed around 30 n rniies further norili during the sfuue cruise. 

Fig. 2 shows saiinity profiies for the years 1991-1999, based on the san1e stations as Fig. l. 

All the proftles show a saiinity rnaxirnurn between 1500 rn and 2000 rn depth. This rnaxirnurn 

\vas obser.:ed at greater depths duri..ng 1991-1994 than dnring the later years. In this depth 

interval aiso the largest change in salinity occurred, with an increase of 0.01 from 1991 to 

1999. Over most ofthis period there was a gradual increase, although the profiles for 1992-

1994 are overlapping and the differences between thern are rnainly less than the observational 

accuracy. The increase bet\veen consecutive years \1/as !argest after 1997 .a.11d between the 

depth of the salinity rnaxin1UIT1 and the bottom L.~e increase from 1997 to 1999 was alm ost as 

great as during the period 1991 - 1997. 
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Fig. 1. Potential temperature in the centran Greenland Sea at the pressure Ieve!s 1000, 1200, 1500, 1800, 2000, 

2200, 2500, 2700, 3000, 3200, 3400 and 3600 dB ar, 1991 through 1999. 
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Fig. 2. Salinity profiles from the central Greenland Sea at pæssures greater than 1000 dBar, 1991 through 1999. 
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The increase in temperat'ure and salinity at depths greater tha..'l about 1500 m is most probably 

due to the combined effect of reduced deep water fonnation in the Greenland basin and inflo\v 

of warmer and saltier water from the Eurasian Basin in the Arctic Ocean. An indication of 

this inflo"'' is sho\vn in Fig. 3, \:ttP..ich sho\VS the vertical salinity distribution in a section from 

November 1994, stretching froin the continental slope off the Lofoten Islands to the centre of 

the Greenland Basin. A core of relatively high saiinities ieaning to the western side of the mid

ocean ridge between about !000 and 2400 dBar, indicates a core ofEurasian Basin Deep 

VVater (EBD\V) which has flowed south along the C-.reenla..f1d slope and diverted into the 

cycionic circulation of the Greeniand Basin. Considering only the section in Fig. 3, it IT'..ight 

be anmed that this maximum mav be deep water from the Norwegian Sea which has entered 
~ - -

the Greenland Basin tP,rough the gaps in the mid-ocean ridge. Although deep water from the 

l~orwegian Sea also 111ay flow into t.l:le Greenland Basin, sections running into the Greenland 

Basin west of Jan Mayen show this maxirnum more pronounced and support the assumption 

that this water derives from the flow of EBDW along the Greenland slope. 
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Fig. 3. Salm.ity in a section across t.i.e Norwegia1·1 Sea a.'"ld into t.~e central GreerJand Sea, The intermediate layer 

of salinity less than 34.9 is shaded. For position, see inset map. 
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The resulting change in water mass structure in the Greenland B~•in a11d the neighbouring 

Lofoten B asin is further demonstrated in Figs 4, 5 and 6 \Vl"'Jch show t.1.e salinity distribution 

Fig. 4 shows a section frorrt May 1965. The.n there ,~vas a \Vell developed dome of GSDW 

between about 5°E and t..lJ.e \Vestem end of the section at 3 ow. In its centre near the prime 

meridiB.J.J., the surface la y er with fresher water was only l 00 m deep. The salinity of this dome 

was homogeneous within the accuracy of the observations, between 34.88 and 34.89. In t..':Ie 

uooer aonroximate 1000 m the AA.rctic front bet\veen the GSD'\V a.L1d the Atlantic domain was 
...... .L..L 

observed in t..'Je vicinit'"j of the rrLid-ocea.n ridge and at greater depths there was also a clear 

border zone over the ridge between. the GSDW and the Norwegian Sea De.ep Water (NSDW) 

off the Barents slope. 
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Fig. 4. Salinity in a section aiong 74.5~N. May 1965. 

The salinity distribution in November 1991 is shown in Fig. 5. Then there was no dome of 

GSD\V as in 1965. The salinities in the upperiayers were below 34.7 in centralareas of the 
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Fig. 5. Salinity in a section along 74.5°N from the Baren is sheif to 5'"-'W, November 1991. 
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Fig. 6. Salinity in a section along 74.SON, November 1996. 
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Greenland Basin. At depths between about 1500 and 3000 m a '.".'edge of \Vater with. salinity 

above 34.9 extended into t..l}e basin. In the central basin, between about 1 °E and 3°W, there 

\.Vere, hovvever, still waters with GSDW characteristics beiow about 1500 m depth. In a 

simiiar section from November 1992 (not shown), water of salinities above 34.9 was 

extending across the whole seetion to 3°W between abcut 2000 and 3000 m depth. Also in 

this section there \Vas \Vater vvitl.1 GSD\V characteristics at depths greater than 3000 m. 

In similar sections from the years 1993-1995 the wolume of\vater \Vith salinities in excess of 

34.9 increased gradually with time and the core salinities increase slightly as shown in Fig. l. 

In the section from ~{ovember 1996, which is shown in Fig. 5, the salinities were above 34.9 

at all depths greater than i 400- 1500 m. There were no rests of water with GSDW ev en near 

the bottom at 3600 m depth and the deeper pa...Tt:s of the whole basin to 5°\V were filled with 

water originating from the i~sctic Ocean a..'1d/or the Norwegian Sea. 

Whlie the voiume of GSDW gradually decreased, another water mass appeared a..TJ.d increased 

in vol urne. This is known as Norwegain Sea ~A~rctic Intermediate \Vater Ct-..fSAPvV) because iis 

ex.pansicn \Va& first observed in the Norwegian Sea (Blindheim, 1990). In the section from 

1991 (Fig. 5), this is observeå as a tongue like structure which extends tow~rd the Barents 

Shelf at around 1000 m depth and the section from 1996 (Fig.6) shov;s that the vertical extent 

and volume ofNS.i\IW had increased considerably since 1991. 

The disiribuiion of NSA!W in the Norwegian Sea is further shown in Fig. 3. This section, 

from November 1994~ shows a 300 to 400 m thick layer of :!'JSi~Jo..Ll'\V extending frou1 the 

Greenlan.d Basin, across the entire Lofoten Basin to the J'.Jorwegian shelf. Further south in the 

J',J"orwegian Sea, its dom.inance has increased even more. This is demonstrated in Fig_ 7 which 

shows the åistribution of potential temperatnre and sa!inity in a Svinøy Section from May 

1958 (IGY) which extended to the Iceland Plateau, and in a repetition ofthis section from 

May 1997. In 1958 salinities below 34.9 were observed only over the Iceland Plateau while 

the waters of the upper 300 - 500 m layer across the who!e Norwegian Basin were saltier than 

34.9. In 1997 on the other hand, Arctic water of saJinities belo\V 34.9 occupied the upper 900 -

l 000 m of the water co!uw..n in the north vtestern half of the section, approximately west of 

l 0 \V. In the south eastern part of the section, the Arctic water formed an intermediate la y er 

which extended to the slepe off the Norwegian coa~t at 62,3°N between the inflowing Atlantic 
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Fig. 7. Potential temperature and salinity from 62.3°N on the Nonvegian coast, upper panel from May 1958, 

lower panel from May 1997. Water of sa!inity less tilan_ 34.9 is shaded. 

\7\later and the NSDW. This iarge volun1e ofinteuuediate water in the southem :t"-~orwegia...J. 

Sea indicates that it is not formed only in the Greenland Sea, but probably aiso in tbe Iceland 

Sea. 

The temperature sections in Fig. 7 show that also the NSDW has become warmer since 1958 

and at depths greater than 2000 m this warming amounted to about O.OS"C. This warming 

\vhich is studied in more detail at Ocean Weather Station HM,' ( Østerhus and Ga...mrnelsrød, 

1999), affects the w·ater colurrw. at depths greater than about 1200 m. 

The generatihg mechanism behind this large structural change seems to be the rate of deep 

\vater formation in the Greenland Sea. Wh.ile NS ... L\.IW \Vas an h1significant feature before 

about 1980, as shown for exan1ple in Fig. 7, it has becorrre increasingly dorrrinant during the 

I980s and I990s. It seems to be a product of winter convection in both the Greenland and 

Ice!and Seas. In the Green!and Sea it seems to be formed in large quantities when the winter 

convection produces a water mass \.vhich is less dense than the older deep \.vater. Then 

convection wiil stop at an isopycnic surface above or in the uppe:r iayers of the older deep 
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water. This is just what has happened since the early 1980s as the NSA .• TW·has spread 

isopycnally over almost the entire Nordic Seas to form intermediate layers as shown in Figs 3, 

5, 6 and 7. The uppe~ layers of tl.-re deep waters are aiso moåified by admixtu~re of the 

interrnediate water. 
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Flg. 8. Upper curve: Salinity in tlJ.e upper 100m oft~e central Gieenland Sea. Lower curve: Normaiised gradient 

of mean sea le vel pressure between Dan...IJlarlr~havn, NE Greenland, and Svalbard, West Spitsbergen. 

(MSLP data from t.l-te Danish and N onvegian meteorological institutes. 

The raie of deep water forrnation in the Greenland Sea seems to depend on the wind forcing in 

the manner that steady northerly winds along the East Greenland coast will bfmg about a 

narrow East Greenland Cu..~nt and as a resuit, relatively high surface salinities in the central 

Greenla.;;d Sea, a.11d vice versa. An indicatioh in support of this is presented in Fig. 8 which 

shows mean salinities in the upper l 00 m of the central Greenland Sea during t.l-te years 1991 -

1997. These salinity me::lnS are base-don the sa..T!le stations ~which ·were applied in Figs i and 

2. The figure also shows norrn.alised values for the gradient of winter (December through 

March) rnean sea le vel pressure (MSLP) between Danmarkshavn, (NE Greenland) and 

Svalbard (West Spitsbergen), the salinity v~lues f»lling within the sa...T.e year as January in tr'le 

MSLP values. This gradient \Vill give an index of the wind component along the East 
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that the upper layer salinir-y in the central Green1and Sea vary closely in phase with this index. 

Furiher, it is aiso worth noting that there dose correlation between this index and the North 

Atlantic Oscillation (NAO) winter index (Hurrell, 1995)_ However, a!though the figure gives 

an encouraging indication of the role of the \Vind forcing in GSD\V fonnation, it must be 

bom in rnind ui.at the series of observations is stili short and the validity on 1onger time scales 

of the obtained correlation is accordingly uncertain. 
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