
River  Discharge m3/s 
1. Amazon, South America  220,000 
2. Ganges, India  44,000 
3. Congo, Africa  41,000 
4. Orinoco, South America  32,000 
5. Yangtze, China  32,000 
6. La Plata, South America  26,000 
7. Yenisei, ArcFc  20,000 
8. Lena, ArcFc  17,000 
9. Mississippi, North America  16,000 
10. Mekong, Asia  16,000 
11. Ob, ArcFc  13,000 
12. Amur, Asia  11,000 
13. Mackenzie, ArcFc  10,000 
… 
Delaware  330 

Largest River Discharges 
(annual averages) 

 
 
 
 



Show YouTube video 
 
2012 Mackenzie River Plume 

hVp://www.youtube.com/watch?v=pSHieLVTROk 



Mackenzie Shelf and River Plume: June 14, 2012 

hVp://climate.nasa.gov/news/1046/ 



Mackenzie Shelf and River Plume: July 5, 2012 

hVp://climate.nasa.gov/news/1046/ 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(b} W•ND 

(c) 

is $ light is $ heavy 

........ 

Figure 2. A schematic diagram of the runoff and ice cycle in the Mackenzie estuary showing 
(a) summer freshet, characterized by strong inflow from the Mackenzie River, plumes and fronts 
on the shelf, and the permanent ice pack, located well offshore; (b) autumn, characterized by 
declining inflow, and autumn storms which mix and redistribute fresh water on a largely ice- 
free shelf; (c) early winter, characterized by freezing temperatures with the Mackenzie inflow 
beginning to spread under the newly forming landfast ice, leaving its imprint as isotopically light 
ice (hatched area). Brine (circle B) produced in the outer regions where the winter inflow from the 
Mackenzie River has not penetrated, helps to alestabilize and convect the water column; and (d) 
the end of winter just before breakup where the winter inflow is contained behind the stamukhi 
zone (SZ) that has progzessively grown throughout winter, at the end of the landfast ice. Beyond 
the stamukhi, enhanced brine production continues in the flaw lead (FL). The growing sheet of 
ice in Figures 2c and 2d has incorporated varying quantities of river water as evidenced by a light 
oxygen isotope composition (•sO). 

low-relief ridges, has the potential to record horizontal 
patterns from the underlying surface water, provided 
there is a conservative tracer of the pattern. The pat- 
tern of interest here is the spreading of new inflow water 
as a thin plume directly beneath the ice; an appropriate 

tracer is the oxygen isotopic ratio expressed as •80. 
Oxygen isotope measurements together with salinity 

are used in polar oceans to distinguish between mete- 
oric water, which includes river runoff and precipita- 
tion, and sea ice melt, the other major source of fresh 

water [Redfield a;zd Friedrna;,, 1969; Ta;, a;zd Strai;,, 

1980; Vetshteyn et al., 1974; (Sstlund and Hut, 1984]. 
Meteoric water is isotopically light compared to sea- 
water and the ice formed from it. For the Mackenzie 

shelf more than 97% of the meteoric water comes from 

the Mackenzie River; annual local precipitation yields 
only 0.10-0.13 m of fresh water [Bur•s, 1974]. Since 
ice forms with minor fractionation at the isotopic com- 

position of the water from which it grows, landfast ice 
records the horizontal spreading with time of the iso- 
topically light plume over the isotopically heavier sea- 
water as illustrated schematically in Figures 2c and 2d. 

Here we use seasonal oxygen isotope and salinity mea- 
surements in both ice and water to address two main 

themes. First, we distinguish between the processes 
that affect the freshwater balance on the Mackenzie 

shelf-river inflow and the formation and melting of sea 
ice. Second, we use the isotopic record in the ice at 

Summer Freshet  Autumn Storms 

Winter Freeze Early  Winter Ice Barrier and Lead 

Macdonald et al. (1995) 

SchemaFc of Mackenzie Estuary‐Shelf of Seasonal Ice‐Discharge InteracFons 



Surface Currents 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Pimenta et al. (2009) 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Figure 7. River runoff, sea-ice meltwater, and Pacific water fraction distribution in the upper 300 m 
water column along several sections spaced over several years and three expeditions between the Chukchi 
shelf north of Bering Strait and the Barents shelf north of Svalbard. The year of each expedition is 
located at the top of the sections and the station number codes are P, Polarstern (ARK IV/3); O, Oden 

(ARCTIC91); and L, Louis S. St-Laurent (AOS94). Figure 1 depicts the location of each station. 
Numbers above each station in each section are the station inventory expressed as height in meters for the 
integrated water column between the surface and 300 m (or bottom measurement if shallower than 300 m) 

depth at each station. For the sea ice meltwater sections, positive numbers reflect freshwater addition by 
sea ice melting and negative numbers represent freshwater removal during sea ice formation. 

Shelf north of Svalbard and the Chukchi Sea (Figure 7) and (2) 
maps of total freshwater fraction inventories for each station 

(Plates 1 and 2). The sections do not represent a synoptic view 
because there were significant property shifts in the Arctic 

surface and halocline during the early 1990s. Indeed, these series 

of sections serve to highlight some of these changes, particularly 
over the Lomonosov Ridge where there is geographic overlap. 

Following the interpretation of Ostlund and Hut [1984], negative 
sea ice fractions and inventories represent the portion of 

freshwater used to form sea ice, whereas positive values indicate 

freshwater generated by sea ice melting. Southern Nansen Basin 

surface and halocline waters sampled in 1987 and 1991 are 

formed from inflowing Atlantic water and sea ice meltwater, 

consistent with halocline water formation processes described by 

River Waters 

Ice Melt Waters 

Pacific Waters 

Ekwurzel et al. (2001) 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determination to these freshwater fractions in each sample where 
all three measurements exist. 

Ostlund and Hut [1984] first proposed combining 15•80 and 
salinity measurements to separate the river runoff from the sea 

ice meltwater contribution to the Atlantic derived water. This 

method was successfully employed on the Mackenzie shelf in the 

Beaufort Sea [Macdonald and Carmack, 1991; Macdonald et al., 

1995; Melling and Moore, 1995] and in the Eurasian Basin 

[Schlosser et al., 1994; Bauch et al., 1995; Frank, 1996]. We 

extend the oxygen isotope data into the eastern Eurasian Basin 
and Canadian Basin and recalculate the ARK IV/3 and 

ARCTIC91 data presented by Bauch et al. [1995], adding PO4* 
as a fourth component to isolate the Pacific fraction. 

The four-component mass balance equations are as follows: 

fa+L+fr+fi=i, 

faSa + feSp -{- frXr -{- fiSi = Sin, 

L818Oa -{.-L818Op nl-fr8180r -1.-f/818Oi = 81BOrn, 

faPO4*a + fvPO4*, + frPO4*r + f, PO4*, = PO4*,, 

(2) 

(3) 

(4) 

(5) 

where fa, fr, f•' f, are the fractions of Atlantic water, river runoff, 
sea ice meltwater, and Pacific water contributing to a measured 

water sample (subscript m) and Sx, 15•8Ox, and PO4* x are the 
corresponding salinity, 15•80, and PO4* water mass 
concentrations. The fractions f• are also used to calculate the 

volume of water attributable to each freshwater component. At 

each station the fractions were linearly interpolated to a depth of 

300 m (or to the deepest depth if shallower than 300 m) and 

extrapolated to the surface. This interpolated profile was 

integrated by trapezoidal approximation to yield a total height in 

meters (termed the inventory height) as a proxy for volume. 
Not all the waters in the Arctic Ocean halocline have a 

Pacific-derived component. The four-component mass balance 

calculations were run on all samples to determine which waters 

contain a Pacific component. If the four-component solution of a 

sample results in a negative f, value, then Pacific water was not 
present. In this case we used the salinity and 15•80 data and 
solved the three-component mass balance equations (i.e., 

equations (1), (2), and (3) without the fv. fvS,, and f,15•O, 
variables). 

To prepare for the mass balance calculation, a representative 
tracer concentration must be determined for each water mass 

before it enters the Arctic Ocean (i.e., Fram Strait, Bering Strait, 

river mouth, and sea ice at the surface). Using a single-tracer 

concentration for each end member averages over the natural 

variability of the system. For example, each river does not have 

the exact same 15•O value (Figure 3). Sensitivity tests for the 
central Arctic Ocean data reveal that the uncertainty in the range 

of each end-member concentration does not significantly affect 

the first order results obtained by the mean end-member values 

(see section 4.5). 

The Atlantic water salinity (Table 1) is well constrained and is 

based on the Meteor 8 section between Norway and Svalbard on 
the Barents Sea shelf and the Polarstern ARK IX/1 Fram Strait 

section at 79øN [Frank, 1996]. Initial sea ice salinity can have a 

wide range (5 < S < 12), but multiyear ice has a salinity with a 

mean value of 4 _+ 1 [Untersteiner, 1968; Pfirman et al., 1990; 

Melling and Moore, 1995; Melnikov, 1997]. The Pacific salinity 

end-member concentration has been set to 32.7 _+ 1 [Roach et al., 

1995]. 

Table 1. Parameters Used in Three-Component and 

Four-Component Mass Balance 

Salinity 8•*O, %0 PO4*, #mol kg 4 

Atlantic water 35 + 0.05 0.3 _+ 0.1 0.7 _+ 0.05 

River runoff 0 -18 + 2 0.1 _+ 0.1 

Sea ice 4 _+ 1 surface + 0.4 + 0.2 

(2.6 +_ 0.1) a 
Pacific water 32.7 + 1 -1.1 _+ 0.2 2.4 _+ 0.3 

aFor each station this value is set as the surface 8•80 measurement 

plus the equilibrium fractionation factor [Macdonald et al., 1995; 
Eicken, 1998] during sea ice formation lOstlurid and Hut, 1984]. 

The Atlantic 8180 value (0.3 _+ 0.1%o) originally determined by 
Ostlund and Hut [1984] is supported by Meteor 8 Barents Sea 
shelf and ARK IX/1 Fram Strait sections [Frank, !996], and by 

Atlantic water measurements from ARK IV/3 [Schlosser et al., 

1994], ARCTIC91 [Bauch et al., 1995], and AOS94 stations. 

The river end-member 15•80 concentration (-18%o) is based on the 

river 15180 measurements weighted by their respective discharge 
values (Figure 3) 

The question remains if the above weighted mean is 

representative when we do not currently have 15180 data from 
smaller rivers and when we are accounting for contribution from 

high-latitude precipitation. To address this concern, we consulted 

the Global Network for Isotopes in Precipitation (GNIP) database 

of the International Atomic Energy Agency (IAEA, 

http://www.iaea.org/programs/ri/gnip/gnipmain.htm, 1998). All 
GNIP stations at latitudes >65øN are listed in Table 2. As with 

the river data, the general trend is toward more depleted 15180 in 
precipitation the farther east the station is located on a 360 ø scale. 

The average for these precipitation data is -19.9%o 15180, and for 

stations with monthly rainfall measurements the weighted 

average is -18.1%o 15•80. If we were focusing on determining a 
more precise river runoff fraction for a shelf sea, we could use 

the 15•80 end member specific to that shelf area. However, for the 
central Arctic Ocean, where all the river sources are mixed 

together, one end member is chosen, and sensitivity tests for the 

effect of the uncertainty in each end member serve as a guide to 

our interpretations. 

Following the method first outlined by Ostlund and Hut 
[1984], the sea ice 15180 values were calculated for each station as 

the surface water 15180 measurement plus the maximum 
equilibrium fractionation factor of 2.6 _+ 0.1%o [Macdonald et al., 

1995; Eicken, 1998]. The Bering Strait data by Cooper et al. 

[1997] are used for the Pacific 15180 end-member value (-1.1 _+ 

0.2%0). 

The Atlantic PO4* end-member concentration is based on 

PO4* data reported by Broecker et al. [1995] and the Atlantic 
water data at ARK IV/3 and ARCTIC91 stations close to Fram 

Strait. The PO4* concentration for river runoff was calculated 

from phosphate and oxygen data from the Ob and Yenisey Rivers 

[Makkaveev and Stunzhas, 1995] and Mackenzie River phosphate 

data [Macdonald et al., 1987]. The Mackenzie River phosphate- 

salinity relationship implies a net loss of phosphate in the estuary 

possibly due to particle scavenging. 

Extensive sea ice phosphate measurements were performed for 

all seasons during the drifts of the Arctic and Antarctic Research 
Institute "North Pole" ice stations NP-22 and NP-23. Melnikov 

[1997] reports a seasonal decrease (June to November) of 

phosphate concentrations as the ice algae utilize the nutrients 
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determination to these freshwater fractions in each sample where 
all three measurements exist. 

Ostlund and Hut [1984] first proposed combining 15•80 and 
salinity measurements to separate the river runoff from the sea 

ice meltwater contribution to the Atlantic derived water. This 

method was successfully employed on the Mackenzie shelf in the 

Beaufort Sea [Macdonald and Carmack, 1991; Macdonald et al., 

1995; Melling and Moore, 1995] and in the Eurasian Basin 

[Schlosser et al., 1994; Bauch et al., 1995; Frank, 1996]. We 

extend the oxygen isotope data into the eastern Eurasian Basin 
and Canadian Basin and recalculate the ARK IV/3 and 

ARCTIC91 data presented by Bauch et al. [1995], adding PO4* 
as a fourth component to isolate the Pacific fraction. 

The four-component mass balance equations are as follows: 

fa+L+fr+fi=i, 

faSa + feSp -{- frXr -{- fiSi = Sin, 

L818Oa -{.-L818Op nl-fr8180r -1.-f/818Oi = 81BOrn, 

faPO4*a + fvPO4*, + frPO4*r + f, PO4*, = PO4*,, 

(2) 

(3) 

(4) 

(5) 

where fa, fr, f•' f, are the fractions of Atlantic water, river runoff, 
sea ice meltwater, and Pacific water contributing to a measured 

water sample (subscript m) and Sx, 15•8Ox, and PO4* x are the 
corresponding salinity, 15•80, and PO4* water mass 
concentrations. The fractions f• are also used to calculate the 

volume of water attributable to each freshwater component. At 

each station the fractions were linearly interpolated to a depth of 

300 m (or to the deepest depth if shallower than 300 m) and 

extrapolated to the surface. This interpolated profile was 

integrated by trapezoidal approximation to yield a total height in 

meters (termed the inventory height) as a proxy for volume. 
Not all the waters in the Arctic Ocean halocline have a 

Pacific-derived component. The four-component mass balance 

calculations were run on all samples to determine which waters 

contain a Pacific component. If the four-component solution of a 

sample results in a negative f, value, then Pacific water was not 
present. In this case we used the salinity and 15•80 data and 
solved the three-component mass balance equations (i.e., 

equations (1), (2), and (3) without the fv. fvS,, and f,15•O, 
variables). 

To prepare for the mass balance calculation, a representative 
tracer concentration must be determined for each water mass 

before it enters the Arctic Ocean (i.e., Fram Strait, Bering Strait, 

river mouth, and sea ice at the surface). Using a single-tracer 

concentration for each end member averages over the natural 

variability of the system. For example, each river does not have 

the exact same 15•O value (Figure 3). Sensitivity tests for the 
central Arctic Ocean data reveal that the uncertainty in the range 

of each end-member concentration does not significantly affect 

the first order results obtained by the mean end-member values 

(see section 4.5). 

The Atlantic water salinity (Table 1) is well constrained and is 

based on the Meteor 8 section between Norway and Svalbard on 
the Barents Sea shelf and the Polarstern ARK IX/1 Fram Strait 

section at 79øN [Frank, 1996]. Initial sea ice salinity can have a 

wide range (5 < S < 12), but multiyear ice has a salinity with a 

mean value of 4 _+ 1 [Untersteiner, 1968; Pfirman et al., 1990; 

Melling and Moore, 1995; Melnikov, 1997]. The Pacific salinity 

end-member concentration has been set to 32.7 _+ 1 [Roach et al., 

1995]. 

Table 1. Parameters Used in Three-Component and 

Four-Component Mass Balance 

Salinity 8•*O, %0 PO4*, #mol kg 4 

Atlantic water 35 + 0.05 0.3 _+ 0.1 0.7 _+ 0.05 

River runoff 0 -18 + 2 0.1 _+ 0.1 

Sea ice 4 _+ 1 surface + 0.4 + 0.2 

(2.6 +_ 0.1) a 
Pacific water 32.7 + 1 -1.1 _+ 0.2 2.4 _+ 0.3 

aFor each station this value is set as the surface 8•80 measurement 

plus the equilibrium fractionation factor [Macdonald et al., 1995; 
Eicken, 1998] during sea ice formation lOstlurid and Hut, 1984]. 

The Atlantic 8180 value (0.3 _+ 0.1%o) originally determined by 
Ostlund and Hut [1984] is supported by Meteor 8 Barents Sea 
shelf and ARK IX/1 Fram Strait sections [Frank, !996], and by 

Atlantic water measurements from ARK IV/3 [Schlosser et al., 

1994], ARCTIC91 [Bauch et al., 1995], and AOS94 stations. 

The river end-member 15•80 concentration (-18%o) is based on the 

river 15180 measurements weighted by their respective discharge 
values (Figure 3) 

The question remains if the above weighted mean is 

representative when we do not currently have 15180 data from 
smaller rivers and when we are accounting for contribution from 

high-latitude precipitation. To address this concern, we consulted 

the Global Network for Isotopes in Precipitation (GNIP) database 

of the International Atomic Energy Agency (IAEA, 

http://www.iaea.org/programs/ri/gnip/gnipmain.htm, 1998). All 
GNIP stations at latitudes >65øN are listed in Table 2. As with 

the river data, the general trend is toward more depleted 15180 in 
precipitation the farther east the station is located on a 360 ø scale. 

The average for these precipitation data is -19.9%o 15180, and for 

stations with monthly rainfall measurements the weighted 

average is -18.1%o 15•80. If we were focusing on determining a 
more precise river runoff fraction for a shelf sea, we could use 

the 15•80 end member specific to that shelf area. However, for the 
central Arctic Ocean, where all the river sources are mixed 

together, one end member is chosen, and sensitivity tests for the 

effect of the uncertainty in each end member serve as a guide to 

our interpretations. 

Following the method first outlined by Ostlund and Hut 
[1984], the sea ice 15180 values were calculated for each station as 

the surface water 15180 measurement plus the maximum 
equilibrium fractionation factor of 2.6 _+ 0.1%o [Macdonald et al., 

1995; Eicken, 1998]. The Bering Strait data by Cooper et al. 

[1997] are used for the Pacific 15180 end-member value (-1.1 _+ 

0.2%0). 

The Atlantic PO4* end-member concentration is based on 

PO4* data reported by Broecker et al. [1995] and the Atlantic 
water data at ARK IV/3 and ARCTIC91 stations close to Fram 

Strait. The PO4* concentration for river runoff was calculated 

from phosphate and oxygen data from the Ob and Yenisey Rivers 

[Makkaveev and Stunzhas, 1995] and Mackenzie River phosphate 

data [Macdonald et al., 1987]. The Mackenzie River phosphate- 

salinity relationship implies a net loss of phosphate in the estuary 

possibly due to particle scavenging. 

Extensive sea ice phosphate measurements were performed for 

all seasons during the drifts of the Arctic and Antarctic Research 
Institute "North Pole" ice stations NP-22 and NP-23. Melnikov 

[1997] reports a seasonal decrease (June to November) of 

phosphate concentrations as the ice algae utilize the nutrients 
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Oxygen: 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Water 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River Water 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fr 
3. Ice 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Water 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fp 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Mass 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Fig. 3. Mean annual runoff to the Arctic Ocean in cubic kilometers per year. Only the nine largest rivers are shown. 

yr-1), Lena (520 km 3 yr-1), Pechora (130 km 3 yr-1), North 
(Severnaya) Dvina (110 km 3 yr-1), Kotuy (105 km 3 yr-1), 
Kolyma (102 km3 yr- 1), Pyasina (86 km 3 yr- 1), and Indi- 
girka (57 km 3 yr -1) rivers in the U.S.S.R., the Mackenzie 
River (340 km 3 yr -1) in Canada, and numerous other smaller 
rivers (totaling 720 km 3 yr -1) surrounding the basin. 

There are significant annual and interannual variations in 

these flows [Cattle, 1985]. For example, the Yenisei and the 

Lena show a fortyfold increase from very low winter values 

to the peak flows of June and July. The corresponding 

change for the Mackenzie is much less, but still large, about 

fivefold. Interannual flow variability in individual rivers is 

typically 5-20% of the annual mean. In this paper we use 

long-term means and thus ignore such variability, both in 

this and other budget terms. 

Precipitation less evaporation. There is considerable 

uncertainty regarding this flux. Estimates range from 400 

km 3 yr -• [Baumgartner and Reichel, 1975] to 1400 km 3 
yr -1 [Burova, 1981]; we accept an intermediate value of 900 
km 3 yr -• (9 cm yr-•), close to that of Vowinckel and Orvig 
[1970]. While this term is small compared to others in the 

budget, we note that its effects might vary markedly under 

slightly different climatic conditions. For example, winter 

snow accumulation could either primarily enter the ocean as 

meltwater, or return to the atmosphere through sublimation, 

depending on spring atmospheric conditions. 

Liquid fresh water import through Bering Strait. The 

most recent transport estimates for Bering Strait [Coachman 

and Aagaard, 1988] show an annual cycle of amplitude 0.3 

Sv superimposed on a long-term mean flow of 0.8 Sv, with a 

maximum in summer and a minimum in winter. The salinity 

of the inflow is generally 31-33, and the long-term mean is 

Aagaard and Carmack (1989) 

Mean Annual 
River Discharge 
in km3/s 
(31.7 m3/s) 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Fig. 4. The distribution of fresh water storage in the Arctic Ocean and the GIN Sea. The placement of each bar 
indicates the region to which it is applicable. 

slightly reduced salinity in the upper ocean. To examine the 
origin of this stratification, we have calculated the freshwa- 

ter content of the gyres as follows. For the Greenland Sea, 
the region of very low stratification can be estimated from 

Carmack [1972, Figures 3, 40, and 41] to encompass 135,000 
km 2. The same data sets suggest the salinity stratification to 
be contained in the upper 200 m or less, with a salinity deficit 
relative to the deeper water (which has a density approach- 
ing 28.1 in •r0) of not more than 0.1 [e.g., Carmack, 1972, 
Figures 4, 31, and 53]. The fresh water content in the 

convective region does therefore not exceed 77 km 3, corre- 
sponding to 57 cm or less over the 135,000 km 2 of the central 
gyre. For the Iceland Sea, we estimate from Figure 45 of 
Swift [1980] that the convective area covers about 140,000 
km 2. If we take the base of the stratified water column to be 

represented by 28.05 in •r 0 [Swift eta!., 1980, Figure 9], 
which in the convective area lies at a depth near 265 m and 
is overlain by water with a salinity deficit of about 0.08 
[Swift, 1980, Figures 69 and 82], the fresh water content in 

the area is 85 km 3, corresponding to 61 cm over the 140,000 

Aagaard and Carmack (1989) 

Volume 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(rel. 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IPY (after the year of strongest anti-cyclonic forcing: Supplementary Figure 1) and has since
declined.

Fig. 4 Distribution of freshwater (column height in m) in the Canada Basin in late summer, relative to 34.8
salinity. These frames display the build-up of freshwater during 2003–2007. The annotation is each year’s
freshwater inventory in 1000’s km3 (Copyright 2009 American Geophysical Union. Reproduced/modified by
permission of American Geophysical Union: Proshutinsky et al. 2009)

Fig. 3 230Th profiles measured in
1983 near the Alpha Ridge (85°
50!N, 108°50!W: Bacon et al.
1989), in 1995 at AO1 (72°32.5!
N, 143°4938!W; Edmonds et al.
1998), in 2007 at C3O’s KC2000
(71°44!N, 135°30!W) and
KC2700 (72°28!N, 136°56!W)
and at GEOTRACES’ L2 (74°30!
N, 137°00!W)
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Geostrophic Balance – Without Freshwater 

hVp://www.seos‐project.eu/modules/oceancurrents 



hVp://www.ux1.eiu.edu/~cmps/1400/pressure_wind.html 





Geostrophic Balance – With Freshwater 
(Thermal Wind Balance, Baroclinic Shear) 

hVp://www.ux1.eiu.edu/~cmps/1400/pressure_wind.html 



Thermal Wind, Ocean Example: Baffin Island Current 

the undulations of density surfaces at this location (Fig. 7). Scaling
this velocity difference of dU ! 0:7 m s"1 over L = 20 km by the
Coriolis parameter f = 1.38 s"1, we find a first rough estimate of
the Rossby number R # dU=$f L% ! 0:25 which indicates that non-
linear inertial effects may contribute to the dynamics and stability
characteristics of the observed currents.

Integrating the vertically averaged alongshore velocity along
the section, we show with Fig. 10 how the volume transport per-
pendicular to our section reaches 5.1 ± 0.24 Sv. Over the shelf
and shelfbreak within 50 km of Baffin Island, volume transports
are below 0.2 Sv. Seaward of the 800 m isobath, two much larger
current structures emerge. The first represents a broad and slug-
gish flow less that 10 cm/s from about 50 km to 130 km offshore.
This flow carries about 1.6 Sv, but a 30 km wide counter-current
or eddy structure reduces the net transport to less than 0.8 Sv over
the top 500 m of the water column. Most of the volume transport
across the Baffin Island section is contained within a southward jet
about 160 km from shore near the 2000 m isobath. It alone carries
almost 3.5 Sv over its 60 km width from 160 km to 220 km from
the coast. The same flow emerges via geostrophy from the hydro-
graphic observations (Figs. 8 and 7). The along-shore velocity
within this 60 km wide jet is vertically sheared, so that lateral
shear vanishes at 600 m depth, that is, the velocity observed by
ADCP at 600 m contributes little to the geostrophic currents that
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Fig. 7. Section off Baffin Island, Canada, July 26/27, 2003 for density anomaly rt

(top panel), salinity (middle panel), and potential temperature (bottom panel).
Station locations are indicated by triangles.
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Fig. 8. Velocity section off Baffin Island as predicted from the thermal wind
relation, July 26/27, 2003 relative to measured ADCP flow at the bottom or 600 m
depth. Contours are those of density (Fig. 7) from CTD casts whose location is shown
as triangles.
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Fig. 9. Velocity section off Baffin Island, Canada, July 26/27, 2003 as measured by
vessel-mounted ADCP. Triangles indicate CTD locations, small symbols indicate
ADCP measurement locations averaged into 3-km wide and 15 m deep bins.

(A)

(B)

(C)

Fig. 10. Northern Baffin Island section, July 26/27, 2003: (a) cummulative volume
flux over top 600 m from ADCP (symbols) and thermal wind relative to zero flow at
bottom or 600-m (thin line) or relative to bottom ADCP (thick line); (b) vertically
averaged along-shore ADCP velocity component (symbols), and (c) bottom topog-
raphy. Symbol indicate CTD station locations, e.g., Fig. 7.
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the undulations of density surfaces at this location (Fig. 7). Scaling
this velocity difference of dU ! 0:7 m s"1 over L = 20 km by the
Coriolis parameter f = 1.38 s"1, we find a first rough estimate of
the Rossby number R # dU=$f L% ! 0:25 which indicates that non-
linear inertial effects may contribute to the dynamics and stability
characteristics of the observed currents.

Integrating the vertically averaged alongshore velocity along
the section, we show with Fig. 10 how the volume transport per-
pendicular to our section reaches 5.1 ± 0.24 Sv. Over the shelf
and shelfbreak within 50 km of Baffin Island, volume transports
are below 0.2 Sv. Seaward of the 800 m isobath, two much larger
current structures emerge. The first represents a broad and slug-
gish flow less that 10 cm/s from about 50 km to 130 km offshore.
This flow carries about 1.6 Sv, but a 30 km wide counter-current
or eddy structure reduces the net transport to less than 0.8 Sv over
the top 500 m of the water column. Most of the volume transport
across the Baffin Island section is contained within a southward jet
about 160 km from shore near the 2000 m isobath. It alone carries
almost 3.5 Sv over its 60 km width from 160 km to 220 km from
the coast. The same flow emerges via geostrophy from the hydro-
graphic observations (Figs. 8 and 7). The along-shore velocity
within this 60 km wide jet is vertically sheared, so that lateral
shear vanishes at 600 m depth, that is, the velocity observed by
ADCP at 600 m contributes little to the geostrophic currents that
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Fig. 7. Section off Baffin Island, Canada, July 26/27, 2003 for density anomaly rt

(top panel), salinity (middle panel), and potential temperature (bottom panel).
Station locations are indicated by triangles.
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Fig. 8. Velocity section off Baffin Island as predicted from the thermal wind
relation, July 26/27, 2003 relative to measured ADCP flow at the bottom or 600 m
depth. Contours are those of density (Fig. 7) from CTD casts whose location is shown
as triangles.
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Fig. 9. Velocity section off Baffin Island, Canada, July 26/27, 2003 as measured by
vessel-mounted ADCP. Triangles indicate CTD locations, small symbols indicate
ADCP measurement locations averaged into 3-km wide and 15 m deep bins.

(A)

(B)

(C)

Fig. 10. Northern Baffin Island section, July 26/27, 2003: (a) cummulative volume
flux over top 600 m from ADCP (symbols) and thermal wind relative to zero flow at
bottom or 600-m (thin line) or relative to bottom ADCP (thick line); (b) vertically
averaged along-shore ADCP velocity component (symbols), and (c) bottom topog-
raphy. Symbol indicate CTD station locations, e.g., Fig. 7.
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the undulations of density surfaces at this location (Fig. 7). Scaling
this velocity difference of dU ! 0:7 m s"1 over L = 20 km by the
Coriolis parameter f = 1.38 s"1, we find a first rough estimate of
the Rossby number R # dU=$f L% ! 0:25 which indicates that non-
linear inertial effects may contribute to the dynamics and stability
characteristics of the observed currents.

Integrating the vertically averaged alongshore velocity along
the section, we show with Fig. 10 how the volume transport per-
pendicular to our section reaches 5.1 ± 0.24 Sv. Over the shelf
and shelfbreak within 50 km of Baffin Island, volume transports
are below 0.2 Sv. Seaward of the 800 m isobath, two much larger
current structures emerge. The first represents a broad and slug-
gish flow less that 10 cm/s from about 50 km to 130 km offshore.
This flow carries about 1.6 Sv, but a 30 km wide counter-current
or eddy structure reduces the net transport to less than 0.8 Sv over
the top 500 m of the water column. Most of the volume transport
across the Baffin Island section is contained within a southward jet
about 160 km from shore near the 2000 m isobath. It alone carries
almost 3.5 Sv over its 60 km width from 160 km to 220 km from
the coast. The same flow emerges via geostrophy from the hydro-
graphic observations (Figs. 8 and 7). The along-shore velocity
within this 60 km wide jet is vertically sheared, so that lateral
shear vanishes at 600 m depth, that is, the velocity observed by
ADCP at 600 m contributes little to the geostrophic currents that
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Fig. 7. Section off Baffin Island, Canada, July 26/27, 2003 for density anomaly rt

(top panel), salinity (middle panel), and potential temperature (bottom panel).
Station locations are indicated by triangles.
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Fig. 8. Velocity section off Baffin Island as predicted from the thermal wind
relation, July 26/27, 2003 relative to measured ADCP flow at the bottom or 600 m
depth. Contours are those of density (Fig. 7) from CTD casts whose location is shown
as triangles.
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Fig. 9. Velocity section off Baffin Island, Canada, July 26/27, 2003 as measured by
vessel-mounted ADCP. Triangles indicate CTD locations, small symbols indicate
ADCP measurement locations averaged into 3-km wide and 15 m deep bins.

(A)

(B)

(C)

Fig. 10. Northern Baffin Island section, July 26/27, 2003: (a) cummulative volume
flux over top 600 m from ADCP (symbols) and thermal wind relative to zero flow at
bottom or 600-m (thin line) or relative to bottom ADCP (thick line); (b) vertically
averaged along-shore ADCP velocity component (symbols), and (c) bottom topog-
raphy. Symbol indicate CTD station locations, e.g., Fig. 7.
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