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Abstract: A ,box model for the EUropean Pol,ar Seas has been
developed and calibrated with tritium, freon and salinity
data. For the prcx:luction rates we find' ca. " 0.6 Sv for
the Greenland Sea and ca. 1 Sv for the Eurasian Basin ..

,For the exchange rate between the Nansen Basin north of
Fram Strait and the IDfoten Basin we find ca. 0.7 .Sv for
NSIM. Mditionally, an exchange between NSm and GSIM or
an internal inodification circuit ~i -) GSDW -) NSDW -)
EBLW, accounts f or ca. 1. 2 Sv. 'Ihe resul ting turnover

. times caused by deep convective procesSes are ca. 28 a
for the Greenland Sea, ca. 95 a for. the Ellrasian Basin
and ca. 15 a for NSar due to deep advective fluxes.

1 INTROOOCTION

The internal circulation and modification of Deep Waters within
the N::>rth Polar Seas results in a net production of Deep Water,
finally available to the abyssal circulation of the WorldOcean at
the Greenland - Iceland - Scotland ridges. For the prcx:luction rates
and the inter-basin exchanges box models, tuned with tracer data,
present a tool.to calculate bulk rates, that otherwise can derived
at only with' great effort. 'lherefore we had arranged a suite of
conservative 'and transient tracers to be sampled in the Greenland
and Norwegian Seas as well as in the southern tip of the Eurasian
Basin. They are evaluated here with an appropriately designed box
modeL The questionsposed are:

- what are the respective prcx:luction rates for GSav, NSIM and
EBDW? .' .. ,

- what are the time scales (turnover times) , for a 'complete renewal
of the Greenland Sea Deep Water GSIM, Norwegian Sea Deep Water NSDW
and the Eurasian Basin Deep Water EBIM within the system ?
- 'can we deduce fran the' box model any quantitative statement

regarding the internal interaction GSav <-) EBIM and Gsm <-) 'NSIM ?
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2 MODEL erncEIYl' •
.t .

'!'Wo different rixxiel concepts h3.ve beeh Used~ In both caSes the
vertical transports. by deep convection are canpensated by an .. ciIual
'!upwelling" rate. 'lhe main regions for Deep Water renewal are the
Grcimland Gyre and, the Arctic shelves~ :. To check our model results,
we also· aHorNed direct reneWal of NSO'l Wtthin the NOrWegian Sea;
The 10sS in voluroo to the' upper boxes is balancecI .by advective
transports in the upi)er box.' 'Ihe upper limit for the lower boxes
has beeri.deteriniricil by. the depth of the deep salinity maXimuri at ca.
1500,m tri the Greenland Sea~ AlSo~ b810w this depth the vertical
gradients m water ImSS properties b8cane very snall. nie latter

. argunent of low gradient areas is physically c6mparable to. the
concept of box models, using' "well-mixed" .boxes, i.e~ units of
unifonn properties. 'lbe GSUV of .. the deep Greenland Sea Basin box is
called GSDW';. siricci the original GSOV is only fotind in tbe. deep
Greenlarid Sea gyre region. :.

For the more traditional riiodei (case a) we assune bi-cü.rect:f.onal
eXchange at equalrates .betWeen ,the deep Arctic CX:can (EBDW);, the
deep Greenland Sea (GS~,{'.) and the. deep rbrwegian Sea, (NS~'V)

(fig. la); Tbe eXch3.nge of.:dcep waters betweEm the Arctic Ocean and
the ,Greenland Sea has. been suggestecI bY. recent high quality data.
(KOLTERMANN; .1985, 1986) ~ .

,: For the seconci lnodel (case b),. a consequence of . the ,deep
circulation iii the Horth European Polar Seas haS been uSed, which
allows only transport. of GS~V. to, NSDi, but not vice verBa. For
reasons of rnass conservation, EBDW is transported lIltO the' Greerl1and
box at the same ra~ as Gsav. leaves ,the l,x>xinto' the NSIW box.
Subsequently NSDW transports into the EBDW·box have tO.be increased
(fig. 1b). .

: Tbe floN o! EBDW is modelleCl foÜowing the concept of the drep
. western boundary current fran thc Arctic' Ocean into tbe southern

Greenland Sea, which provides sal t' arid nutrients to the periphery of
the deep l::il.sin~ TlÜ.1S tbe ri.dveetive Salt source of the EBDW and tbe
deep conveetive negative heat source prcXiuce the GSIW' ~
I' •

•
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.;. Ai! . three deep water ~ Imsses show. slightiy but dist1rictly
differing e/S-properties~ ,Adding the· a:vailabletracer .data for
tritiirri ,3H; freen. F-11 arid heliun b3He,. the. hydrographie and
transierit tracer data provide a unique parameter sp:tce. 'Ibe
relevance,of the. tracers for. the .. individual Water masses is
sUIlllirized below in TAB. (1);' (high "++"; IDeditim "+" and low "_li
levels) :
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We caÜbrnted the models 'Wi.th a sirmiltaneous . fit to tracer and
,hydrographie ehta~ A fit tO tritiUm, freori arid salinity proved to
. be, the mOst eonsistent Set~ For heliun and, potential tanperature
additional sourees and sinkS canD.ot be exeludect~

For, pÖtential teInPeritture and ,salinity we used ,cUitri. fran recent
investigations :iri the Europciln Polar Seas inelUdingthe. eruises

,~'Kriorr" ,T'TO, 1981; "Hudson" 82-001, 1982, "Meteor" 61, 1982"
"Polarstern'!. UIZEX arid ARCHY iri 1984. 'Tritiun data were' available
fran measuronents of the' .rnst ~ . f." UmWeltphysik, University of'
Heidelberg ,("MeteOr"42, 1976, "~bteor" 52; 1979, "Meteor" 61;, 1982,
"Polarstern" MIZEX and ARCHY, 1984) and ,of tbeTritiUm laboratoI-y at

. the Unlversity of, MiaIni (GE03ECS,1972 ;.. ,OOTLUND et aL, ,1974;
"Knorr" T'TO, 1981 - OSTLUND; 1983) '. . fran the "Meteor" 52,
1979, "Meteor" 61; 1982, "Polarstern" MIZEX arid ARCHYj 1984 eruises
O~He data Ware also usect •. For F-11 theavenlge,values for the doop
GreenlaD.d and Norwegian Seas publishoo by BUlLISTER a. WEISS (1983)
have bCen used. Measuranents,iD. Frairi Strait indieate; thät theF-11·
eoncentrntion in EBav pa,rallels that of NSDW (Buu.ISTER, 1984;
SMETIIIE et aL, 1986) ~ We assÜ'ned an average value of' 0.28 pmol/kg
for EBav in AUgUst 1984 msed on the values reported by SMETHIE et
aL' (1986).

. . ,

aridThevoh{~~~a~~ciI~~:te~;i:f~ t~riddegiH~~:ta.hav:e~~~:Pt~
depth--weighted averages~ ,The tracer eoncentrations for. the upper
boxes 'have been prescribed~. We used the. well-kriowri tritiun input
funetion given by tREISSlGACKER a~ ,ROETHER (1978), ridjusted to the
surfaee valties of the Norwegian and. the Greenland 8eas. For F-11
and He we asstimed solubility, equilibrium at the, sea , sUrface,
following for. F::-11 BUlLISTER (1984) arid TRIELE (1985); for He ,BEmON
a~ KRAUSE (1980)., ~tails of tbe models arid their ealibration are
given by HEINZE (1986)~ In addition; the input funetions. for the.
surface. bad to be defined differeritly fran the kno.vn 'literature~
Sinee the surfaee Atlantie waters are in eonstant eontact Witli the
a 1mosphere only, in theopen NOrWegian Sea, tlie traditional, input
furietions have been uSed for the respective upper box~ In the
Aretie Ocean and the Greenland Sea, the Atlanticwater is subdueteid··

, to irite~Odiate'depths. , It is eovered by iee arid a' layer of polar
surfaee. wB.ter in the ketie Ocean throughout the year,' In the
Greenland Sea tbe Atla.ntie is recireulated at inte~ediatedepths.

For both basins the eontaet Wtth the atniOsphere has eeased; and tlie
input fUnetion fran the surface Atlantie \Vater is cärried along. Tci'
aceount for this effeet, the input function for the Atlantie Water

, rulS been time-delayect for the Aretie Ocean and the Greenland Sea box
folloW1og SCHlDSSER (1985). Proportional to the tritü.m decay; the.
aeeumulation of, 3He has be€n aecounteid fore The tritium souree.ori
theAretie shelves fran freshwater input has beeri mOdelled after
CSTLUND (1982) ~

, , '"

By, using siriiple budget eqmtions, the distribution cif the
transient tracers tritium; freon F....11 and He as the 3He ariariri.ly
ö3He as WeIl as IX>tential, taDPerature and salinity have been
modelled~ The traeerconcentrations are varyirig in time, a and S
have been assuned to be stationary •
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I~ The rodel wäs fitted to the data' by, varying the fr~ parameters.
As free parareters we usoo transpOrts and produeticn rates, the
tiloo"':delay . for the intermediate 'layers ,of the Aretie Oeean and
Greenland . Sea and thepereentage rate of surface water to
intermedüite waters in the upper layers of the Greenland Sea. As
fitting procedure we used a reduced chi-square test aceording to
QUAY, et aL (1983). Errors have been estimited in varying €ach
free parameter, leaving the other parameters at the v.alue needed for

'the best fit until' the ehi-:-square test indieated an unaeeeptable
" 2.result ( X·) 1) •..
, )I
} I '

.,

3 RESULTS

, In fig. (2) . the input fUnetions for' the best fit of the model
. (case b) are shown. ' The respeetive model eurves for .the deep boxes
are giveri in' fig. (3). The results are surmarized in TAB. (2)' and
fig.(4). i,'

. :
t For the best fit the IOOdels gave the following. results:
,'- For the produetion rate of the Greenland Sea ~ep Water GSaV we
filld 0.55 - 0.59 Sv (10 6 km /s)., for the EBDW 0.90 - 1.01 Sv.. nie
tumover times based on deep vertieal eonveetion are 27 - 29 a for
the GSOO and 88 :... 99 a for EBDW ~

. - There is no vertical conveetiori in the Norwegian Sea' fran the
Surface. .
,:.. The exchange rateootweEm NSDW and EBD" amotirits to 0.72 - 0.74

Sv. Model (b)shows.an increased tranSport fran NSm to EBDW of
1.93 Sv. The Greenland Sea supplies 1.15 ~ 1.19 Sv of GSDW' to the
Norwegian .Sea. The overall turnover time for NSLW eaused by
adveetive fluxes amounts to 15 - 16 a. NSDW is a mixture of ca.
60 %GSDW' and 40 %EBDW. . , .
:- The traditional model (a) requires 1 ~ 15 Sv NSDW for the Greenland
Sea Box, which· then leads to no transPort of EBDW fran the. Aretie
~ean to the Greenland Sea.' eise (b) " which has no' transport of
NSOO to GS~l', requires 1.19 Sv of EBDW for the Greenland Sea. This
agrees .Viith the present interpretation of recent data fran the lCES
Deep Water Projeet., This ,does not change. the 'grass irifl~ and
outflow rates. '

- The Irean eIS boundary values of the source Water .'rm.ssesfrOm the
mOdel are -1.8°eto -1.5 oe and 34.84 to 34.88 for GSDW and -0.8 oe
t6 -0.6 oe and 34.94 to 34.97 for EBDW.
':" The percentage of surfaee water eontributing to GSDW amounts to

52 ~ 56 %. "
:... The·input funetions for the inte~ediate waters had to be delayed

for ca. 6 a for both the GSDW and the EBDW ~
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TAB. (2) Box model results. (values in brackets = errors
estimated fran the reduced chi-square test)

-- -----------

case (a) case (b)
EBIM -> GSIM ->

GSDW <->NSIW -> NSDW -> EBDW
-------- --------------------
production rates (Sv):

GSIM 0,59 (0,37 - 0,74) 0,55 (0 , 38 - 0, 68)
NSIW ° ( °- 0,12) ° ( °- 0,13)
EBINl 1,01 (0,18 - 1, 79) 0,90 (0,15 - 1,62)

exchange rates (Sv):
GSIM' - >NSIW 1,15 (0,58 - 2,15) 1,19 (0,64 - 2,33)
rnDW' <- NSaY 1,15 (0,58 - 2,15) °EBDW -> GSm' ° ( °- 1,92) 1,19 (0, 64 - 2, 33)
EBDW <- rnDW' ° ( °- 1,92) °EBDW <->NSOO 0,72 (0,12 - 1,77) 0,74 ( °- 1,94)

•
turnover times (a):
GSIM' (convection) 27
EBDW (convection) 88
NSaY (advection fran GSaY') 25
NSDW (advection fran EBDW) 41
NSaV (advection, total) 16

29
99
25
39
15

•

percentage of surface
and intermediate waters
for GSDW (%):
surface w. 52
intermediate w. 48

time-delay for the
input functions of the
intermediate waters (a):
for GSIlV 7,1
for EBIW 6,3

average eis boundary
values:

for GSIlV e
S

for EBINI e
S

(26 - 77)
(23 - 74)

(1,1 - 15,5)( ° - 20,3)

-1.5
34.88
-Q.8
34.94
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56 (24 - 87)
44 (13 - 76)

5,6 ( °- 16,9)
6,5 ( °- 20,6)

-1.8
34.84
-Q.6
34.97



,
, .

I I
I •

I

,
I •

4 COOCLUS IONS

. The resulting turnover times for the Greenland .Norwegian Seas
and the excha.nge rates agree well with the results of SMEI'HIE et al.
(1986). The prC::xluetion rate of GSO'l according to our model is
slightly lower" considering the upper limit of 1500 m for the deep
boxes instead· of 1700· m. . In our rrodel the salt balance has
explicitly been carried out." The modelled 8/S-values for the ~ep
Waters and for the· respective source water masses support our
results.

Model runs showed discrePancies for potential temperature and
b~He fran the data. The temperatures were slightly too low,for the
Norwegian Sea. For the Arctie Ocean and the Greenland Sea the
deviation was less. For 83 Ha the results were ca. 1-2 % too low in
all three deep boxes. These differences have to be explained, at
present, with sources and sinks we have not fonnulated in the model.
For 3IIe one cannot exclude that primordial sources are present in
the area, which is dcminated by mid-ocean ridges. One possible heat
source might be the geothermal heat flux (LANGSEl'H and VON HERZEN,
10(8) •

. The low tritium value in the Greenland Sea for 1982 (fig. 3a)
indicates the lack of deep ·convective events during winter 1981/82.
This is in agreement wi th hydrographic data showing· rather low
Salinities in the upper layers during that period (ClARKE, 1986;
~LARKEet al., 1986).

Qlr calculations· do not significantly modify the existing·
estimates for the 'turnover. times und exchange rates. 'Ihey show,
however, that it is possible to fit the data wi th a second, probably
more realistic circulation scheme.
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