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Abstract

_ The results of the mass and heat flux companson at 36°N between 1959 1981
“and 1993 years are dlscussed The prellmlnary analysus of water mass core
charactenstlcs (lncludlng chemlcal parameters) révealed the general cooling and
freshenlng at mtermedlate and deep Iayers over the entire 34- -year penod To estimate
the total transport through a plane of a zonal section thé technique proposed by Bryan
(1962) was used. "Absolute" meridional velocity was assumed to be composed of
barotropic velocnty, geostrophlc velocrty and Ekman dnft velomty An mtegral of each
veIOC|ty component over the plane of the sectlon was set to zero. The densnty surface oy
separatmg the Labrador Sea Water (LSW) and the Antarctic Intermediate water (AAIW) was
* chosen as a "no- motlon" level in geostrophrc computatlons

The barotroplc flux (based on the Sverdrup s relation) and Ekman transport were
computed using the mean climatic wmd stress fields. The results of total mass flux
evaluations revealed the mtensmcatlon of merldlonal overturning cell in 1981 21 Sv
of southward transport below "no-motion" surface if ‘compared to- 14 Sv in 1993 and
9 Sv in 1959. The Gulf Stream transport didn't vary between the crunses In contrary,
the Deep Western Boundary Current (DWBC) transport varied S|gn|flcantly from 30
Svin 1959 to 18 SV|n1981 and to 32 Sv in 1993. '

To determine water mass transport the sections were lelded into 7 isopycnal

layers The most stnklng dlfferences in C|rculat|on pattern between’ 1959 and 1981, )
1981 and 1993 were observed for LSW and Antarctic’ Bottom Water (AABW) Iayers

In contrary to 1959 and 1993, the net transport of LSW (36 8< c, <36. 94) and

AABW (6, > 45. 91) in 1981 was dlrected to the north In 1993 the southward flux
of LSW was concentrated both in DWBC and to the west of Mid- Atlantlc Rldge,5
anomaliously intensive penetratlon of Antarctlc Bottom' Water took pIace in the
Western basin. In addltlon the 1981 survey was charactensed by the reduction of the
southward flux of: Charlle Gibbs Fracture Zone Water (GFZW) and intensification of-
Denmark Strait Overflow Water transport (DSOW) :

“As a result heat transport through the section in 1981 mcreased to about 1. 3 PWt
- and was twice’ hlgher than |n 1959 (0.5 PWt) and in 1993 (0.7 PWt). The dominant

,part of the total heat flux was determined by baroclinic zonal mean component
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IntroduCtioh .

Tereschenkov et al. (1995) have reported changes in the thermohahne structure at
36°N in the Atlantic, based: on the data collected during three occupatlons of the
ocean-wide hydrographlc sectlon by RV Cha/n in 1959 RV Atlantis-If in 1981 and RV
Professor Mu/tanovsk/y in 1993 (Fig. 1)

were reported In the present study we deal with the estlmates of mtegral propertles

such as the zonally averaged temperature and. salrnlty and. the mass and heat fluxes
across the sectlon s plane: - .

The routes of the three voyages mentroned above; followed almost the same track -
except for. the western and eastern most parts of the section, but differed in statlon
spatral resolutlon specrally in the mid-ocean. To greater extent it concerns the 1959
cruise. More to this the 1959 temperature and sallnrty data has been collected by

~ means of Nansen bottles samplrng, while the 1981 and 1993 sections utilised CTD
‘ sampllng In contrary to the paper by Dobrolrubov et al, (1996), prior to the analyses .
the data have been rearranged regardlng the problem under consideration. For the '
. evaluatlon of the zonally averaged temperature and sallnlty dlfferences between the

- three section repeats all the stations were put on a standard track based on the 1993

survey The stations were shlfted in space in respect to the potentlal vortrcrty'
conservation prlncrple Than the data were rnterpolated to fixed spatral grid with 80
km horlzontal resolution and 34 vertlcal pressure levels: The latter were chosen in a
way to achleve the best match with the 1959 sampllng scheme. For the fluxes
evaluation purposes only mrnor manlpulatlons were applied to the initial data, that
have resulted in vertical lnterpolatlon of the 1959 data to 20 dbar resolution. In this
case all the dlscrepancres between the cruises were accounted in evaluatlon of the
flux uncertarntles (see Appendlxes A,B). :

Zonal mean temperature and salrmty drfferences

Fig.2 presents zonaIIy averaged temperature and salmrty drfferences at 36°N below

500 m. (The surface layers are subjected to strong annual forcmg and therefore are

characterlsed by significant annual changes. As far as the sectlons were oocupled in
different. seasons, the annual cycle obstructed comparison in these layers). The
temperature and salinity changes ‘are positively correlated almost through the whole

" water cqumn, what lnstantly leads to the tendency of densrty compensation and to

conservatlon of the water masses density propertres The negatlve correlation whrch )
was observed in some Iayers for 1993-1981 - differences may be related to the
changes in the thrckness of layers occupled by certain water masses. This argument is
confirmed by the srgnuflcant changes in the depth of "zero' velomty levels, that will be
dlscussed later on. The most S|gn|f|cant changes of both temperature and sallnrty
differences are observed in_ a 800-2200 dbar Iayer, whrch corresponds to the
distribution of the lntermedrate waters, specrfrcally to AAIW prrmanly responsrble for
the changes in 700 1000 dbar layer and LSW responsrble for the changes in 1200-
2200 dbar layer. |f compared to 1981 a freshening of O. 02 0.03 psu and coollng of
0.1-0.2°C took place. Some smaller negative differences are reglstered between 1993
and 1959. The coolrng up to O. 03 0.05°C is observed also in a deeper layers,; but the
salinity differences here are not so pronounced if compared to 1981 except for the

~
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Fig.2 Zonally averaged differences of potential temperature and salinity at fixed pressure levels along

36°N section between 1993-1959 (A,B), 1993-1981 (C,D) for the entire section and for certain parts

of the section (E,F): western boundary (---- ), deep western basin (==—-) and west slope of
Mid-Atlantic Ridge (—). Filled circles stand for the statistically significant values.
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remarkable freshenrng of 0.006. psu that was observed at the bottom Iayers, occupled
by the AABW. Relrabrlrty of this freshenlng is conflrmed by the increase in the silicate
_concentratron in these waters. The srgnrflcant negatrve sallnlty anomaly (about 0.01
_psu) between 1993 and 1959 is probably due to the salrnrty problem with the IGY
data reported by Mantyla (1994).. ’

It is evrdent that the zonal mean values are domrnated by the charactenstrcs of the
mid- ocean, in accordance to the percent of the total section area it occupres Further .
on a more detailed analyS|s has shown, that the discussed changes in the salinity and
vtemperature structures are seem to orlgmate in the Western part of the sectlon (to the
west from the Mid-Atlantic Rldge) (F|g 2e,f).
In general the water mass characterlstlcs of the deep waters experrenced slight
coollng and freshenrng through the whole period of observatrons The intermediate
waters became warmer and saltier durrng 1959-1981 and then cooled and freshened
in 1993 It is hoticeable that the coollng and freshenlng in 1993 were more - ~
pronounced than preceding warmlng Hence, mtegrally, cooling and freshenlng took
place at the mtermedrate depth over entire 34-year period.

wate“r mass transport

The absence of current measurements on the sectron does not allow to determrne
' the absolute current velocrtres, and consequently to define the heat and mass fluxes
hrough this latitude. Nevertheless, even the srmple indirect methods of the. transport_
estimates for three successive surveys can grve an rmportant mformatron concerning
the mterannual varlablllty of large-scale crrculatron

To estrmate the total transport through a plane of a zonal section the technlque

proposed by Bryan (1962) was used. Total merrdronal velocity is ‘assumed to be a sum A

of barotropic velocrty Vo geostrophrc veIocrty Vg and Ekman drift velocrty Ve. lt was
assumed that each- of “three components of the flow is compensated so that an
integral over the pIane of the ‘section . equals zero It means, that barotroplc flux,
determlned from a Svedrup s relation for the eastern and mid-ocean parts of the
’ sectron, is compensated by barotroplc counter flux in the Western boundary region.
Similarly, Ekman flux in a surface layer is’ compensated by an equal flux uniformly.
dlstnbuted over the rest of the section area. The balance of the geostrophlc flux is
' achleved by a proper selectron of the "no- motron" level —

The analysrs of the hydrologlcal structure of waters at the section has shown
(Dobrolrubov et al., 1995), .that water masses formed in the northern parts of the A
North Atlantlc occupred the densrty rnterval 02—36 85-37. 09 It is natural to suggest
' .that at 36°N these waters presumably move southward away from the source
regions. The same considerations brlng us to the idea that the flow of 'the AAIW
(occupylng the densrty interval c,=36. 10-36. 40) is dlrected to the north and'
Medrterranean water (the densrty interval o,=36.40- 36. 80) spreads along the 36°N
. with no dlStInCt merldronal component Therefore it was considered that the "no-
motron" level must lie'in the densrty interval o'2=36 70-36.85. So, as, a first guess, a
: depth of 02—36 80 surface was chosen as a reference level for velocity computatrons
for all three surveys In the case the sum of the transports above and below the "no-
‘motion” level drdn t match; the cs surface was vaned until the drvergence of the
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'reglons) Midocean Western (to the west of Mid-Atlantic rldge) and Eastern ln all the
) reglons we have selected 7 densrty mtervals, reflectlng the water masses structure.

-

geostrophlc flux equalled to the flow through the Berlng Stralt (-0. 8 Sv ). It is
mterestlng to note that the "no- motlon surfaces deflned thlS way dlffered between
cruises rather essentially: from 36.70 in 1993 to 36 73 in 1959 and 36.85 in 1981.
The computatlons of the barotroprc and - Ekman components were based on the
mean cllmatlc values of the wind stress (Hellerman and Rosensteln, 1983). The )
Ekman transport at- 36°N was estlmated to be 2 Sv to the south. The approprrate ’

- value of Ve was about -1.0 cm/s-at the surface level and less than 0.001 cm/s at

underlylng levels, regardlng the length of the section of 5990 km and the thlckness of

- the Ekman layer of 35 m. Barotropic. transport accordlng to Sverdrup relatlon at 36°N

was about 20 Sv. (Hellerman, Rosensteln, 1983) The boundarles of the Gulf Stream

. were. set at the.stations, between. which.the total geostrophlc transport in the upper -

2000 m was directed to-the north (Leaman et. al., 1989). The width .of the Gulf
Stream defrned in this manner varied from survey to survey, but at the average was

- about 250 km. The barotroplc additive was 1.5-2 cm/s to the north in the western .

boundary area and less than 0.01 .cm/s to the south in the mid-océan part of the

SeCtIOH . . e
: | ®

Flg 3 presents zonally averaged merldlonal transport per unit depth at 36°N for the

'three surveys Ekman flow was rdentlcal in all three cases. ‘Zonally averaged
. barotroplc component was msrgmflcant though it dldn t equal to zero because of the .

different depth of the western boundary area and the rest of the section. Hence all
derived differences are prlmanly determlned by the changes in the thermohallne

..structure of ocean waters. The depth of the 'zero" zonally averaged velocrty below

the Ekman layer changes from 1100 m in 1959 and 1993 to 1700-2500 m in 1981.
Besides the depth of "zero" velocxty separatmg south flowmg North Atlantic Deep
water and headmg north Antarctic Bottom water - (AABW) also deepened by about
800 m. In general, northward thermocline water flux (100- 1000 m) and southward -

deep water flux (3200-4500 m) mcreased in 1981, whlle intermediate-upper deep.

water southward movement (1200 3200 m) and northward bottom water transport
(below 4000 m) rntensrfled |n 1993 Moreover, 1959 and 1993 crunses reflected the -
pattern thh three- layer zonal mean crrculatlon (northward southward northward down :
to-the bottom) In 1981 méridional volume flux consisted of only two layers wntho‘
northward bottom transport

To obtaln more detalled plcture of crrculatlon pattern we have divide the zonal
section into three main parts: Western boundary (Gulf Stream,.slope and shelf

as follows: upper layer. water, (o, < "36. 10), Antarctlc lntermedlate water
(AAlW 0'2—36 10- 36 40), Medlterranean water (MW 02—36 40-36. 80) Labrador Sea
water (LSW: 0‘2—36 80-36.94), Gibbs Fracture Zone water (GFZW G, = 36.94-
37.04), ‘Denmark- Strait Overflow water (DSOW 02—37 04—04 45, 91) and Antarctic
Bottom water (AABW c4> 45, 91) The total water mass flux at 36°N and through .
the above mentloned parts of the sectlon together with the uncertalntles estimates is

'presented in Fig. 4. Detalled |nformat|on concernlng the water. mass transport

calculations and the evaluatlon of the uncertamtles is given in Append/x A.

The total water mass transport (Flg 4a) demonstrated an mtensrflcatlon of upper layer
water, MW and DSOW transport in 1981, while LSW and GFZW fluxes were
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. neglrgrble and AABW flux was dlrected southward In 1993 southward transports of
LSW and GFZW were of order of 10 Sv, AABW flux was headed northward and
DSOW transport was 3-4- times less than in 1981 Water ‘mass fluxes in 1959
revealed the pattern srmllar to 1993 but were less intensive. In the Western boundary -
reglon (Flg 4b) the upper layer fluxes were the same, the mtermedrate waters were
transported to the north more mtensrvely in 1981 (even in the . LSW layer) On the
contrary, Deep Western Boundary Current was more intensive in 1993 and - 1959 In
the Mldwestern part (Flg 4c) upper layer recrrculatron and northward flow in deep
. layer (19 Sv) were more pronounced in 1993 In 1981 none of ‘the water masses
moved northward in this regron (MW northward transport was almost zero) As for
: the Eastern part of the section (Frg 4d), the promrnent feature was the mtensrfrcatron
of the southward upper layer- transport in 1959 - with- counterflux in-the: deep layers In
1981 and 1993 the upper layer water mass transport was lower. The manifestation
of the changes in the dlrectlon of ‘the AAlW flux is supported by the mterannual'
varrablllty of the nutrlent concentratlon in AAIW in the Eastern Basin (Dobrolrubov et
, 1995),

o et @

n order to evaluate the components of the merrdlonal heat transport (MHT) the
"method descnbed by Bryan (1962) and Bennett (1978) was used. Barotroplc heat -
transport was computed as the Sverdrup's mass flux times the- potentral mean
temperature différence between the Gulf Stream regron "and mid- -ocean part of the
section. Ekman component was determrned usrng temperature drfference between»
upper 35-meter layer .and the sectional mean value. This way the heat flux
,components were computed separately under the condltron of no net mass flux

) through the sectron, heat transport due to Berrng Strait net inflow was suggested to
be negllglble : ~

The estlmated merldlonal heat flux durlng the cruises is represented in table 1 the
evaluatlon of MHT uncertainties is given in Append/x B

- ‘ S -Tab/e‘
Heat flux components at 36°N ‘ o :
Year o Component,, 1015 Watt
Barotropic Ekman Baroclinic Total

1959 -0.03+0.04 -0.10+0.06 ., 0.60+0.22 0.47+0.24
1981  -0.04+0.07 -0.13+0.07 1.4510.14 1.2810.17
1993 -0.00+0.02 -0.1410.07 0.84+0.13 0.70+0.15

Variations of barotroprc and Ekman fluxes between the surveys are formed by
temperature dlfferences because the approprlate volume fluxes are set to be the
same. Area- welghted temperature dlfferences between 'the western boundary region
'and mrd -ocean part were obtamed to be relatrvely small: -0.2-0.6°C. Due. to this fact .
errors in barotroprc transport estrmatron couldn't influence the total MHT. Even if the .
value obtained from the Sverdrup relation is three times less then the real one (Johns
_et a/ 1995), barotropic MHT would be only of order O. 1 PWt Ekman heat flux errors
are evaluated with 90% confldence probablllty under the condition of maximum
volume flux error of 2 Sv.
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- Baroclinic (geostrophlc) transport was divided into zonal mean, assomated with the

longitudinally averaged overturning (Bennett 1978) and horizontal gyre circulation.
Evaluated differences between the overturnlng cell volume fluxes (Fig.3) caused the
extremely high changes of baroclinic zonal mean heat transport and consequent
increase of total MHT from 0.5 PWt in 1959 to 1.3 PWtin 1981. Similar results were
presented by Roemmich and Wunsch (1985). Reduction of total MHT in 1993 is also.
induced" pnmarlly by weakening of vertical overturning cell. It is interesting to note
that horizontal gyre flux reflects the sumultaneous variations ‘as the zonal mean
component -

.Conclusions

e Thermohaline structure of the ocean waters at 36°N in the Atlant|c expenenced
significant changes during 1959-1993 time period. The changes effected the
properties of intermediate and deep waters of both ‘Arctic-North Atlantic and
Antarctic origin. The general tendency was cooling and freshening.

¢ The core of the “young” LSW was obsérved in the vicinity of the western flank
of the Mid-Atlantic Ridge. What allows to speculate on the existence of a new
pathway for. the LSW spreading away from the source reglon

‘e The botto_m layers cooled and freshened due to the invasion of the AABW

‘o The most intensive volume transport across 36°N (in a sense of the MOC) was
detected in 1981. The changes in the volume transport are primarily induced by
the changes in Deep Western Boundary Current reglon and the pattern of the
mid-ocean circulation. ' .

e Meridional heat transport in 1981 was twice higher than in 1959 and 1993,
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T . Appendix A
Volume tranSport estimation errors *

It is assumed that the total water mass transport uncertarnty in a root-mean -square
sensers

AQ=(AQ;*+4Q,%)'"? A

where: AQ, results from the noise in the thermohallne data and AQ,_ is the
- consequence of mass imbalance and néar-bottom velocity uncertainties. In both
cases, . : ,

AQ1 2=2('8V1 2‘S+SS1 2‘V), ‘ o ' R N (A2)

where 8S -is the uncertainty in determlnatron of the area occupled by a certain water
mass and &V - shear velocity uncertalnty (barotroprc velocity was excluded from the
consideration). . :

In order to determine the velocity ‘uncertainty &V, related to the  errors in

temperature and salinity observations the followrng procedure has been performed.
Three sets-of 1981 and 1993 CTD data from the Eastern Basin were composed and
.used for the geostrophic veIocrty computations. All the CTD profiles were gridded to
20 dbar vertical resolution from the top to the bottom, but the choice of the first
pressure level varied for each of the three data sets, partrcularly 3,5and 7 dbar. The v
. r.m.s. deviation between the three derived velocity fields was consrdered to be the
velocity uncertainty 6V1 In the same manner the velocrty uncertainty was determined
for every water mass. The maximum uncertalnty was defined for the upper layer
(=0.2 cm/s). For the bottom layer oV, was only 0.1 cm/s. This method could not valid
be applied to the 1959 cruise due to the lack of the CTD data. So for the 1959 case
we multiplied the .8V, estimate obtarned from 1993 crurse by 4 considering that the
IGY data set revealed four times higher r.m.s. deviation of salinity at. certain
' temperature rntervals if compared to the CTD data (Saunders, 1986)

It s necessary to bear |n mind, that if we integrate 8V, S over several statron pairs,
the thermohaline * norse will primarily influence the dynamrc height uncertainty 8D

computed for each station. Mean velocity uncertainty allows to obtaln an estimate forw._

. the 8D: _
sD=@EVIILH2), o (A3)
where L - mean station spacing, f - Coriolis parameter.
Whrle comparmg nelghbourlng statlon pairs, we can note, that the values of 8D forw
the internal stations compensate each other (assuming that the station spacing,
obtained mean noise 8D and the water'mass layer thickness H are constant): ‘
IVS =Z(H;L)(D; + 8D;=D;.1~8D, ;) AL:f) = (D + 5D4-8Dy-Dy)-H/f (A4)

In this case, 8V,S is given by:
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8V,S =(2)""*H.5D/f o ‘ (A5)

If the water mass Iayer thickness H between the first and’ the last station palrs
varies, A5 must be maodified by putting additional term in to it

(N)”ZAHSD/f o " o (A6)

where N - number of station palrs AH - water mass thlckness difference. Fmally, for .
oV, S we have

6VS=[(2)”2-H+(N)”2-AH]-6D/f o | A

The uncertalnty in the section area is related to the uncertainties in water mass
boundary definition. And it is determlned as follows:

63, =5p-L-(N)"2, : | T (A8)

where 8p=0.5:20m-(2)""? is an error in water mass thickness (for upper and bottom @
water masses 6p =0.5*20m). Combination of (A6) and (A7) allows to find AQ;:

=S. [(2)”2H+(N)”2 AH]- SD/f + Sp- |_(N)”2 o (A9)

AQ, is determined as follows. Let’s conS|der that 6V2 accounts for the total volume
imbalance 8V,, (including Bering Strait transport uncertainty and Ekman flux
‘imbalance) and the uncertainty of the bottom geostrophic velocity determination 8V,,.
Assuming that the highest possible volume imbalance is about 2 Sverdrups, we
estimate ‘the extreme value of 8V, to be 0.008 cm/s. Supposing 8V, to be normally
distributed and setting 3o to be equal to the maximum estimate of 8V, , for the 90%
confidence level we get an estimate of 8V, equal to 0.004 cm/s. In order to
determine 3V,,, we used three different ways to define the velocity values in the near
bottom triangle V,. The near bottom velocnty was derived by extrapolatlon of the
computed velocity values at two deepest levels (h, h-1)

V=2V, -V, ~ (A10a)
or set equal to the deepest calculated velecity
V=V, o (A10p)"

or simply set to zero: - .
, ~ Vi=0 B (A10c)

'A10a-A10c result’ in addmg a constant value to the shear velocnty in the water
column. The maximum additive was 0.02 cm/s; and applying the same considerations

as for the 8V,, case, we estimate 90% confldence level for 8V, to be 0.013 cm/s.
FlnaIIy 6V, is 0.015 cm/s.

We identify 682 as an area between the b_otto‘m. and the deepest levels of
observation. This value is about 2% of the total sectional area. The velocity V,
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derived from A10a is suggested to be the hlghest possnble value, and A1OC condltlon
gives. the lowest estimate of the bottom velocnty So we evaluate VSSZ as:

'V-

zss2

= [2(0.5-VA-552) 1”2

-

’
.

(A‘11‘)_

VSSZ varies from 0.4 Sv in 1981 to 1.3 Sv in 1993 and 1.7 Sv in’ 1959, it xs
confined to the water masses which occupy the bottom layers (presumably DSOW

and AABW) )
)  The finial estir"n'ateé'of the water mass flux uncertainties are presented in tables A1-
A3, | | ~ |
U o Table A1
Water mass transport across the sections at 36°N in 1959 |
SECTIONAL TRANSPORT, Sverdrups
Water masses ~Total [American| Gulf  [Deep ' [Western | Eastern. | Eastern
' ’ : shelf Stream |[Western |slope MAR|slope MAR | basin .
Upper layer, 5.3:2.1 |0.0t0.2 [57.3t1.4 [-33:.1%1.2|-5.0:0.6 |-5.410.5 |-8.5:0.8
AAIW 1.6+0.5 |0.0£0.0 [2.6+0.1 [-0.2+0.1 |0.1£01 -0.520.1- |-0.420.2
Med.W 0.7+0.4 10.1x0.1 }1.4+0.1 |-0.120.2 [-0.120.2 |-0.4+0.2 -0.3+0.3
LSV -0.56+1.212.5¢0.3 |-3.3£0.3" [1.7+0.4 |-1.1x0.2 |0.1x0.3 -0.410.2
GFzwW -2.5+1,213.0£0.4 |-9.8:40.6 |3.8+0.5 |-1.4+04 1.7£0.3 © {0.3:0.4
DSOwW - 4.8+2.1 [0.120.2 |-12.8+40.9/6.1+x1.0 [0.6+0.5 0.4+0.4 0.9+1.0
AABW -0.5+1.2{0.0£0.1 ]-3.920.5 [3.4x1.0 (0. .10 0

Water mass transport across the sections at 36°N in 1981

“Table A2

"SECTIONAL TRANSPORTSverdrups

Water masses Total |American| GuIf Deep Western . Eastern , Eastern

C! shelf . Stream | Western |slope MAR| slope MAR | basin
Upper layer 12.7+£1.2|12.040.1 (53.4120.5 |-32.1£0.5(-1.120.2 |[-0.4+0.2 -9.1+£0.3
AAIW 2.5:0.2 |0.2:0.0 |3.9+0.1 - |-0.6£0.1 |0.4£0.0 - |:0.220.0 -1.2+£0.1 |-
Med.W 4.5£0.5 [0.1x0.1 " |5.1£0.1 [-0.120.2 (0.5£0.1 |-0.6%0.1 -0.6£0.1
LSW - 1.1£0.5 {0.9£0.1 |1.4:£0.1 |-0.240.3 |-0.5£0.1. |-0.320.2 -0.310.1
GFzZW -1.3+0.72.5+0.2 |-4.620.1 |1.420.4 |-1.2+0.2 |0.4+0.2 0.2+0.2.
DSOW 16.5+1.4/0.6:0.2 1-11.120.2(/0.7£0.7 |-2.8£0.2  |1.2+0.2 -5.0+0.5
AABW -3.8:0.4{0.0£0.0 |-2.8+0.2 |-1.0£0.4 |0 0 0

Water mass transport across the sections at 36°N in 1993

Table A3

.S,ECTIONAL -TIRANSPOR_T,‘SverdrupS
" |water masses Total [American Gulr Deep Western | Eastern -[ Eastern
: : - .. |shelf Stream . | Western |slope MAR|slope MAR basin
Upper layer 9.1£1.1 [-1.2+0.1. [56.9+0.6 |-38.420.6]-1.2+0.2 1-2.8+0.2 -4.1+0.2
AAIW 2.5+0.3 |-0.2+0.0 |2.8+0.1 |-1.2+0.1 |0.3+0.1 0.0+0.1 0.8£0.1
Med.W 0.5+0.4 [0.0:0.0 |1.5+0.0. |-0.8+#0.1 |-0.3£0.1. |-0.4+0.1 0.4:0.1
LSV -3.6+0.8(2.0£0.1 |-4.7+0.1 {1.4:04 |-1.7£0.2 |0.3£0.1 -0.910.2
GFZW -5.8+0.8]1.920.1- |-10.6%0.1|5.620,3 |-2.0:0.3 |-0.3:0.3 |-0.3:0.2
DSOW -5.0£1.6(0.3£0.0 |-16.510.4|14.3:0.9 |-0.7+0.3 . |-1.8£0.2 -0.6:0.6 |
AABW 1.6£0.8 |0 - -0.8+0.2 |2.4:0.8 |0 0 |0 '
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3
- Appendix B .
~ Heat transport estimation errors. : )

The method of “absolute velocity” evaluation allows to separate the total heat
transport uncertainty into two parts: “shear flux” uncertalnty (baroclinic + Ekman)
AH, and barotropic flux uncertalnty AH,. - '

1) Baroclinic + Ekman heat flux uncertarnty:(

| AH, =(a%+b%+c?)'?, o - (B1)

where(Rago, Rossby, 1987): o : S L ;

' a={8(pc,)}-ZQ:T], O B2
b=(pc,) (2(6Q) -TI, = | o B3
c= (pcp) "-[ZO.- (6T)1] o i ' (B4)

~lt is assumed that S(pcp ) equals to the one half of all.possible {pc, ) variationé over
the sectional area (International oceanographic tables, vol.4, 1987), in this case
* a=0,6% of total heat flux (a=0.004 PWtin 1959 and 1993 0.008 in 1981). .

To compute (83) we used EISQ[ from the tables A1-A3 and T was" deflned as
velocity-weighted mean water-mass temperature. In this case b 0.232 PWt in 1959
0.139 PWtin 1981 and O. 149 PWt in 1993

(84) can be eva'luated as:
c=(pc,)2(|Q[-6T) + Qg8T,, . BB)

where 3T - is the Uncertainty of the mean water mass temperature. We estimate 5T as
a difference between the mean water mass temperature calculated from the data with
20-dbar and 100-dbar vertrcal resolution. This difference ranges from 0.2° in th
_upper 1000 m to O. 05° in 1000 - 2000 m and 0.02° below 2000 m. Q, BT, =2

0.5°=0.005 PWt, so c= 0.017 PWt and AH1 = 0.235 PWt in 1959 O 159 PWt in -
1981 ‘and 0. 150 PWt in 1993.

2) Baretropic:l

. AH, =(d®+e+£2)'"%, - (B6)
where - . ' t
d=38(pcy) {Qu(<T> =Tgs)l, ' ' - (B7)
e =(pcp) [Z (6Qp)(<T>-Tgs)l, ’ - .. (B8) .
f=(pc,)[ZQy, -8(<T> —TGS)]. - - (B9)

where Q,, —20 Sv accordmg to the Sverdrup relation, <T>-areal mean temperature
at 36°N section, Tgg — Gulf Stream region mean temperature _

. Accounting that the. barotroplc flux is neglrglble, d=0,6% Hbt—-O Even-if 8Qy, is
extremely high ( 30 Sv - difference between direct measurements and our Gulf
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Stream transport calculations), e is only 0.001 PWt in 1993 due to negligible
temperature difference (<T> -Tgg) : 0.01° in 1993. During the two other cruises the
uncertainty was ejg959 =0.040 PWt, e,451 =0.066 PWt.

f (<T>-Tgs)1=0.2° - is an error due to the uncertainty of the Gulf Stream
boundary determination, than f=0.016 PWt. in this case AH,;=0.043 PWt in 1959
and 0.068 PWt in 1981 and 0.016 PWt in 1993 (seasonal variability is excluded in
this consideration). ‘

Finally uncertainty of heat flux estimation is:

- . AH = (AHR2+ARA? (B10)

and equals to 0.24 PWt in 1959, 0.17 PWt in 1981 and 0.15 PWt in 1993.
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