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Chapman et al. 1986

Lentz 2008

Codiga 2004; Codiga 2005). The Hudson River, Dela-
ware Bay, and Chesapeake Bay all have peak freshwa-
ter discharges in spring. The associated buoyant coastal
currents reduce the inner-shelf salinity, increasing the
cross-shelf density gradient, and enhance the along-
shelf flow (e.g., Munchow and Garvine 1993; Rennie et
al. 1999; Yankovsky et al. 2000).

There is a large seasonal variation in the cross-shelf
temperature gradient (Fig. 10; Shearman and Lentz
2003). In winter (December–March), thermal stratifica-
tion is weak and the shelf water temperatures decrease
onshore because of surface cooling. In winter, the cross-
shelf temperature gradient (denser water near the
coast) opposes the cross-shelf salinity gradient (lighter

water near the coast), resulting in a reduced cross-shelf
density gradient. Surface heating in the spring leads to
the development of a shallow seasonal thermocline that
isolates a region of residual cold winter water near the
bottom over the mid and outer shelf, called the “cold
pool,” that persists from May through October (Fig. 10:
Bigelow 1933; Houghton et al. 1982). Note this is not
simply a local response. The cold-pool water is ad-
vected equatorward along-shelf by the mean flow and
hence comes from regions to the north (Houghton et al.
1982). Offshore of the center of the cold pool, the near-
bottom cross-shelf temperature gradient continues to
oppose the cross-shelf salinity gradient, as in winter.
However, onshore of the cold pool, the near-bottom

FIG. 8. (a) Amplitude and (b) phase of the seasonal ellipse of the residual depth-averaged
along-shelf flow when the wind-driven flow is removed as a function of water depth. The phase
of the near-bottom cross-shelf temperature or density difference is shown in (c). Error bars
indicate 95% confidence interval for estimates.
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series. Similar anomaly series were derived for monthly air
temperature at New York City and at Norfolk, VA to
consider the potential for atmospheric forcing of SHW
temperature variability.

3. Results
3.1. Temperature

[16] The annual cycles for temperature in the different
regions during the MARMAP period (Figure 2) are asym-
metric, with the warming period being longer than the
cooling (approximately 220 days versus 145 days). The
minimum temperatures in the regions are within about one
degree and occur progressively later from south to north,
with the minimum in SNE being three weeks after that in
SS2. The maximum values have a similar shift in timing,
but also exhibit a spatial pattern with the maximum in SS2
being about 4!C warmer than that in SNE. The seasonal
range increased from 9!C in SNE to 13!C in SS2.
[17] During the 1990s the temperature patterns in the

northern two regions were quite similar to Figure 2. In the
southern regions, however, the winter temperatures were
considerably warmer than during the MARMAP period. The
temperature anomalies during the 1990s in each region were
averaged over the decade for three periods of the year
(calendar days 1–125, 125–250, and 250–365) (Figure 3).
The spatial and temporal patterns of the average anomalies
suggest a winter warming that increased toward the southern
part of the bight. The middle part of the year was generally
cooler and the latter part of the year was moderately warmer.

3.2. Salinity

[18] As shown by Manning [1991] the SHW salinity
during the MARMAP period exhibited interannual varia-
bility that was comparable in magnitude to the seasonal
variability. Significant annual cycles were found only for
NYB1 and NYB2, where the nearby Hudson River inflow
causes a consistent seasonal decrease of the salinity to a
minimum value in the summer. In the other regions the
interannual variability overshadowed the seasonal variabil-
ity and a significant annual cycle was not found. In these
regions the mean salinity value was used as a reference for

calculating anomalies. Unlike temperature, the salinity
anomalies did not show a characteristic spatial or seasonal
pattern and are discussed below on a MAB-wide basis.

3.3. Volume

[19] A significant annual cycle in SHW volume was
found for each region except SS2 (Figure 4). The cycles

Figure 2. Annual cycle of SHW temperature for the
different regions in Figure 1. The curves were determined
from data for the MARMAP period (1977–1987). The
vertical bars represent ±1 standard deviation of the residuals
for the original data from the fitted curves.

Figure 3. Average SHW temperature anomalies during the
1990s in each MAB region for three periods of the year.

Figure 4. Annual cycle of SHW volume for the regions in
Figure 1. The curves were detemined from data for the
MARMAP period (1977–1987). The times of maximum
volume are indicated by the labeled vertical lines. The
vertical bars represent ±1 standard deviation of the residuals
for the original data from the fitted curves.

14 - 4 MOUNTAIN: MIDDLE ATLANTIC BIGHT SHELF WATER VARIABILITY

Mountain 2003

Lentz 2008

Chapman et al. 1987
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Guiding Questions

• Mean & background flow of the New 
Jersey Shelf?  Effect of shelf topography?

• What is the seasonal meteorological 
condition and flow pattern on the shelf?  

• How are material transported from the 
innershelf to the outershelf?  Cross-shelf 
and along-shelf transport pathways?  
What is the residence time scale?

• How is surface shelf flow correlated 
with wind forcing, dependence on 
stratification?   
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Mean Std Dev.

“Seasonal Climatology of Wind 
Driven Circulation on the NJ Shelf” 

Gong, Kohut, Glen. in press.
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Background no-wind flow
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SummerAutumn

Winter Spring

NJ Shelf Seasonal Mean Current (2002 - 2007)
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Winter Spring

SummerAutumn
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X - 72 GONG ET AL.: WIND-DRIVEN CIRCULATION ON NJ SHELF

Table 1. NDBC Buoy Wind Cross-correlation Magnitudes

Wind XCORR ASLN6 44025 44009 44017 44004

ASLN6 1.00 0.82 0.72 0.84 0.56

44025 1.00 0.80 0.82 0.64

44009 1.00 0.79 0.70

44017 1.00 0.51

44004 1.00

Table 2. NDBC Buoy Wind Cross-correlation time lags (hours)

Wind t-lag (days) ASLN6 44025 44009 44017 44004

ASLN6 0 -1 1 -3 -5

44025 0 2 -2 -4

44009 0 -4 -6

44017 0 -2

44004 0

Table 3. Relative Variability of detided CODAR currents: R.M.S. / Mean

RMS/Mean Summer Winter Spring Autumn All

All Dir. 4.9 2.6 3.0 3.0 3.3

NW 1.9 1.4 1.4 1.6 1.6

NE 1.3 0.9 0.9 1.1 1.1

SW 1.7 1.7 1.8 1.8 1.8

SE 6.8 1.8 3.7 3.0 3.5

Table 4. Cross-shelf drifter time (days), speed (km/wk) and fraction reaching 60 m isobath

Drifter Time Jun 06 Sep 06 Dec 06 Mar 07 Dist to 60m

Site N 13.6 30.7 23.9 36.1 97

Site C 13.3 20.5 17.4 24.8 82

Site S 12.9 13.1 14.9 27.6 67

Drifter Speed Jun 06 Sep 06 Dec 06 Mar 07 Dist to 60m

Site N 49.9 22.1 28.4 18.8 97

Site C 43.2 28.0 33.0 23.1 82

Site S 36.4 35.8 31.5 21.4 67

Fraction to 60m Jun 06 Sep 06 Dec 06 Mar 07 Dist to 60m

Site N 0.27 0.09 0.73 0.39 97

Site C 0.68 0.17 0.99 0.71 82

Site S 0.77 0.25 1.00 0.45 67

D R A F T October 8, 2009, 1:45pm D R A F T

Winter Autumn
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NENW

SW SE

Mean Current based on Wind (Winter)
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Mean Current based on Wind (Summer)

NENW

SW SE

12



X - 72 GONG ET AL.: WIND-DRIVEN CIRCULATION ON NJ SHELF

Table 1. NDBC Buoy Wind Cross-correlation Magnitudes

Wind XCORR ASLN6 44025 44009 44017 44004

ASLN6 1.00 0.82 0.72 0.84 0.56

44025 1.00 0.80 0.82 0.64

44009 1.00 0.79 0.70

44017 1.00 0.51

44004 1.00

Table 2. NDBC Buoy Wind Cross-correlation time lags (hours)

Wind t-lag (days) ASLN6 44025 44009 44017 44004

ASLN6 0 -1 1 -3 -5

44025 0 2 -2 -4

44009 0 -4 -6

44017 0 -2

44004 0

Table 3. Relative Variability of detided CODAR currents: R.M.S. / Mean

RMS/Mean Summer Winter Spring Autumn All

All Dir. 4.9 2.6 3.0 3.0 3.3

NW 1.9 1.4 1.4 1.6 1.6

NE 1.3 0.9 0.9 1.1 1.1

SW 1.7 1.7 1.8 1.8 1.8

SE 6.8 1.8 3.7 3.0 3.5

Table 4. Cross-shelf drifter time (days), speed (km/wk) and fraction reaching 60 m isobath

Drifter Time Jun 06 Sep 06 Dec 06 Mar 07 Dist to 60m

Site N 13.6 30.7 23.9 36.1 97

Site C 13.3 20.5 17.4 24.8 82

Site S 12.9 13.1 14.9 27.6 67

Drifter Speed Jun 06 Sep 06 Dec 06 Mar 07 Dist to 60m

Site N 49.9 22.1 28.4 18.8 97

Site C 43.2 28.0 33.0 23.1 82

Site S 36.4 35.8 31.5 21.4 67

Fraction to 60m Jun 06 Sep 06 Dec 06 Mar 07 Dist to 60m

Site N 0.27 0.09 0.73 0.39 97

Site C 0.68 0.17 0.99 0.71 82

Site S 0.77 0.25 1.00 0.45 67

D R A F T October 8, 2009, 1:45pm D R A F T

Wind-Current correlation & variability
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Cross-correlation of Wind and Current
(along Geographic Axes)
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shelf surface flow summary

• Downshelf, offshore mean surface flow.  Significant variability about the 
mean.

• Background flow under low wind conditions is consistent with previous 
MAB shelf observation/models.  HSV influences downshelf flow behavior.

• Flow mainly cross-shelf (offshore) during stratified and mixed seasons, and 
mainly along-shelf (downshelf) during transition seasons.  the residence time 
is on the order of 1-5 weeks.

• Surface flow is wind driven.   Along-shore wind and cross-shelf flow is 
strongly correlated in summer, cross-shore winds and cross-shelf flow is 
strongly correlated in winter.
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Summer 2006
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Gliders & Moorings (SW06)

SW33

SW42
SW43

SW29
SW30

SW32

Hi-res. oceanographic sampling of the 
outershelf using gliders, moorings, ships 
(July 19 - Oct 2, 2006)

South of Hudson Canyon, 100 × 100 km2 
between 30 & 100 m isobaths

17 deployments, 356 glider days, 6683 km 
flown, 51933 CTD casts
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FIG. 36.-Salinity profiles crossing the continental shelf, July 2r-28, 1927:-A, off Martha's
Vineyard; B, off Atlantic City; C, off Cape May.

Bigelow & Sears 1935

Slope Water Intrusion

Processes affecting shelf-slope exchange

Figure 6. Histogram of the ratio of the intrusion depth and the depth of maximum stratification. There
are peaks at zero (near-surface intrusions) and at one (pycnocline intrusions).

Figure 7. Temperature-salinity diagram for all hydrographic casts (decimated by a factor of 10) (small
dots) and for salty intrusions (large dots). Note that most of the intrusions lie in the sparsely populated
region between shelf water (high density of points at salinities between 32 and 33.5) and slope or Gulf
Stream water (high density of points at salinities between 35 and 36).

24 - 6 LENTZ: SALTY INTRUSIONS MIDDLE ATLANTIC BIGHT

Lentz 2003

5800 FAIRBANKS: ORIGIN OF SLOPE WATER FROM OXYGEN RATIOS 

Fig. 4. (a) Shelf/slope cross section showing winter mixed condi- 
tions and (b) stratified summer. Illustrated are the major water types 
and cross-shelf mixing contacts A-E. 

Torgersen [1979] was correct in assuming that the annual 
mean oxygen isotopic compositions of the Gulf of Maine and 
Middle Atlantic Bight rivers were similar and therefore 
indistinguishable once mixed with shelf water. However, 
Gulf of Maine water flowing into the Middle Atlantic Bight is 
a mixture of Maine river water, Scotian shelf water and slope 
water which collectively is isotopically distinct from Middle 
Atlantic Bight water. 

H2180/H2160 ratio measurements of shelf water delineate 
five primary water types important to the New York Bight: 
(1) slope water, (2) Scotian shelf surface water, (3) Gulf of 
Maine surface and intermediate water, (4) cold pool, and (5) 
New York Bight surface water. Their &180 salinity relation- 
ships are described separately in the following section. 

SLOPE WATER 

Isotope and salinity measurements of slope water samples 
define a binary mixing line between Gulf Stream water 
(salinity 36.2%0; &180 1.15%• and -21.67%• •180 at 0%• 
salinity (Figure 7). The -22% •180 isopleth plotted in Figure 
1 is situated in northern Canada and transects the Labrador 
Sea. Water with an isotope-salinity relationship identical to 
the Middle Atlantic Bight slope water has been measured in 
the Labrador Sea [Tan and Strain, 1980; Bedard et al., 1981] 
(Figure 7). The slope water mixing line is bisected by 
standard mean ocean water (SMOW) (salinity: 34.$0%• and 

I.u I0 

o0 

JAN 76 
CO 19-05 

30 31 32 33 34 35 36 
SALINITY %o 

Fig. 5a 
Fig. 5. Temperature-salinity diagrams for (a) January 1976 (Conrad 19-05), (b) May 1977 (Cape Henlopen 77-01), and 

(c) July 1975 (Conrad 19-01). Triangles represent inner-shelf water, crosses represent mid-shelf water, open circles 
represent outer-shelf water, and solid circles represent slope water. Adapted from Gordon and Aikman [1981]. Circled 
symbols indicate sample analyzed for H2180/H2160 ratio. 

Fairbanks 1982
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NJ Shelf
Winds and 
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(2006)

Location of the foot of the 
shelf-slope front vs. alongshelf 

wind stress for summer 2006 on 
NJ Shelf
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complete, and some from April when spring 
warming begins to show at the sea surface. 
Similarly, August and September were 
used when possible for the summer dia-
gram, but July and October were also al- 
lowed. Furthermore, although an effort 
was made to use observations from as 
many different years as possible, it can be 
seen in Table 1 that in some areas it was 
necessary to rely heavily on observations 
from a single year (sometimes a single 
cruise), so that the distribution in time is 
not as even as hoped. An example of the 
bias resulting from such difficulties is dis- 
cussed later. 

From bottom contour charts, a mean 
depth was picked for each area shallower 
than 200 m, then curves of temperature and 
salinity versus depth were drawn for each 
station. The depths of the isotherms (every 
1°C)  and isohalines (every 0.2%0) were 
picked off and the thickness of each inter- 

val was recorded. To convert to volume 
the depth in meters was multiplied by a 
unit area. Unit area actually varies with 
latitude, from 2,524 km2 per quarter-degree 
square at 35 '36"N to 2,317 km2 at 41"- 
42"N. We used 2,400 km2 throughout; our 
final area differed from the actual area by 
less than 0.1%. The tabulation was done 
by intervals of one degree of latitude, to 
reveal geographical differences. Finally the 
totals for all such intervals were added and 
the temperature/salinity classes containing 
the greatest volumes were summed to give 
the 50% (hatched) and 75% (heavy line) 
boundaries indicated on the diagrams. The 
volumes are given to the nearest 0.2 km3 to 
balance the bookkeeping, but even the first 
digit to the left of the decimal cannot be 
considered significant as 10 km3 represents 
a layer only 4.16 m thick in a quarter-de- 
gree square. 

Total volume by 1" temperature inter- 

Wright & Parker 1976

128 Gordon and Aikman 

S A L I N I T Y  %. 

Fig. 5 .  As Fig. 3, but for July 1975, Conrad 19- 
01. (B-Pycnocline S-max.) 

cess salt of the ~vcnocl ine  S-max. which 
is mixed into tge water during fail over- 
turn. The growth may be induced by the 
statistical mean effect of quasi-isopycnal 
fine structure at the shoreward edge of 
the main body of the S-max. 

Presumably the slope water intrusion 
continues to migrate shoreward along a 
quasi-isopycnal route as summer pro-
gresses. The approximate distance of 30 
km to the landward edge of the pycno- 
cline S-max from the shelf break area, 
observed in August 1977, suggests a 
mean spreading velocity of 0.4 cm.s-l 
(assuming a 3-month active period: mid- 
May to mid-August). 

The shoreward limit may be spatially, 
as well as temporally, controlled and any 

Fig. 6. As Fig. 3, but for August 1977, Knorr 
'ACE 111. (B-Pycnocline S-max.) 

contribution to the Middle Atlantic Bight 
salt balance by the net (5 cm.s-l) long- 
shore flow from the Georges Bank region 
will surely complicate the picture. In the 
presence of this southwestward advec- 
tion, any given location will contain dif- 
ferent water in August than it did in May; 
however we believe that the pycnocline 
S-max intrusion can develop along the 
entire length of the Middle Atlantic Bight 
and is superimposed on the longshore 
flow. 

To estimate the value of Fs, we used 
the August 1977 data (Knorr ACE 111)to 
determine the value of the growth rate 
and vertical mixing. With a characteristic 
cross-shelf migration velocity (U) of the 
pycnocline S-max of 0.4 cm.s-', an S-
max excess salinity over mean shelf water 
of about 1.5%0, and a thickness of the pyc- 

Gordon & Aikman 1981
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Surface: S ≥ 34, den ≤ 1024, no S < 34 water in the upper 5 metersS ≥ 34, den ≤ 1024, no S < 34 water in the upper 5 metersS ≥ 34, den ≤ 1024, no S < 34 water in the upper 5 metersS ≥ 34, den ≤ 1024, no S < 34 water in the upper 5 meters
Pycnocline: S ≥ 34, 1022 ≤ den ≤ 1025.7, spiciness > 3.4, z ≤ -10mS ≥ 34, 1022 ≤ den ≤ 1025.7, spiciness > 3.4, z ≤ -10mS ≥ 34, 1022 ≤ den ≤ 1025.7, spiciness > 3.4, z ≤ -10mS ≥ 34, 1022 ≤ den ≤ 1025.7, spiciness > 3.4, z ≤ -10m
Sub-Pycnocline: S ≥ 34, 1024.5 ≤ den ≤ 1026.2, 1 ≤ spiciness ≤ 3.2S ≥ 34, 1024.5 ≤ den ≤ 1026.2, 1 ≤ spiciness ≤ 3.2S ≥ 34, 1024.5 ≤ den ≤ 1026.2, 1 ≤ spiciness ≤ 3.2S ≥ 34, 1024.5 ≤ den ≤ 1026.2, 1 ≤ spiciness ≤ 3.2
Bottom: S ≥ 34, 1026.2 ≤ den, 0.5 ≤ spiciness ≤ 3S ≥ 34, 1026.2 ≤ den, 0.5 ≤ spiciness ≤ 3S ≥ 34, 1026.2 ≤ den, 0.5 ≤ spiciness ≤ 3
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Intrusion Salt BudgetIntrusion Salt Budget

Intrusion Types Salt Fraction
Aug 24-26 Sect.
Surface 0.025
Pycnocline 0.135
Sub-pycnocline 0.153
Bottom 0.612
Slope/Total 0.36
Mean SLW Salinity 34.73

Aug Avg. 2D
Surface negl.
Pycnocline negl.
Sub-pycnocline 0.13
Bottom 0.79
Slope/Total 0.26
Mean SLW Salinity 34.57

Definitions:
Surface: S ≥ 34, den ≤ 1024, no S < 34 water in the upper 5 metersS ≥ 34, den ≤ 1024, no S < 34 water in the upper 5 metersS ≥ 34, den ≤ 1024, no S < 34 water in the upper 5 meters

Pycnocline: S ≥ 34, 1022 ≤ den ≤ 1025.7, spiciness > 3.4, z ≤ -10mS ≥ 34, 1022 ≤ den ≤ 1025.7, spiciness > 3.4, z ≤ -10mS ≥ 34, 1022 ≤ den ≤ 1025.7, spiciness > 3.4, z ≤ -10m
Sub-Pycnocline: S ≥ 34, 1024.5 ≤ den ≤ 1026.2, 1 ≤ spiciness ≤ 3.2S ≥ 34, 1024.5 ≤ den ≤ 1026.2, 1 ≤ spiciness ≤ 3.2S ≥ 34, 1024.5 ≤ den ≤ 1026.2, 1 ≤ spiciness ≤ 3.2
Bottom: S ≥ 34, 1026.2 ≤ den, 0.5 ≤ spiciness ≤ 3S ≥ 34, 1026.2 ≤ den, 0.5 ≤ spiciness ≤ 3S ≥ 34, 1026.2 ≤ den, 0.5 ≤ spiciness ≤ 3

Outershelf Salt Budget

RU12

RU10

RU01

RU11

RU05

RU07

SALINITY

24 Aug 06 - 26 Aug 06
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Cross-shelf Salt Balance...

Salt advected offshore ≈ Salt ‘diffused’ onshore 

Ū S̄ = K
dS̄

dx

Ū =
∆V olTrsh

Area100
=

0.3 Sv

108 m2
= 0.003 m/s S̄ = 33

Ū S̄ = 0.1 m/s

∆V olTrsh = TrNFlagg77/BB81 − TrSBiscaye94 ≈ 0.5− 0.2 Sv = 0.3 Sv

dS̄

dx
=

1.0
10 km

= 10−4 m−1

KFischer80 ≈ 3× 105 cm2/s = 30 m2/s

KStommel72 ≈ 3× 106 cm2/s = 300 m2/s

K
dS̄

dx
� 0.03 m/s

Slope water intrusions contribute up to 30% of the salt needed.
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Strong Intrusion (Late Aug.)Weak Intrusion (Early Aug.)

S = 33.19 S = 33.35

dSAug

dt
× V ol

Area100
= 0.007 m/s

dSSep

dt
× V ol

Area100
= 0.022 m/s
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Along-shelf Flow Cross-shelf Flow
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2006/08/06 2006/08/10

SST:
Slope Eddies

2006/08/13

2006/08/15 2006/08/17 2006/08/21

2006/08/23 2006/08/25 2006/09/03

Radius: ~50 km

Speed: 22 - 9 cm/s

Two eddies near 
SW06:

1: 8/06 - 8/10

2: 8/22 - 8/27
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2006/08/08 2006/08/10 2006/08/14

2006/08/16 2006/08/18 2006/08/21

2006/08/24 2006/08/27 2006/09/01
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2006/08/08 2006/08/10 2006/08/14

2006/08/16 2006/08/18 2006/08/21

2006/08/24 2006/08/27 2006/09/01
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8/8 - 8/9 8/10 - 8/12 8/14 - 8/16

8/16 - 8/18 8/18 - 8/20 8/21 - 8/24

8/25 - 8/27 8/27 - 8/29 8/29 - 9/1
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SW32 X
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Y

X

SW42 X

Y

Y

X
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Courtesy: Nash, Shroyer, Kelly & Moum
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Evolution of Outershelf Hydrography & Stratification

8/7 - 8/9

8/16 - 8/18

8/24 - 8/26

- Fresh surface layer due to river discharge
- strong diurnal tidal currents
- Slope eddy at the study site
- pycnocline weakened by intrusion / offshore eddy

- Peak NLIW activity period, neap barotropic tide
- large semidiurnal pycnocline oscillation (internal tides)
- Salty intrusion in the bottom layer, strengthening pycnocline

9/8 - 9/10

- Slope eddy at the shelfbreak
- inertial freq winds drives inertia currents
- Slope water intrusion pushes freshwater inshore
- Pycnocline begins to weaken

- Hurricane Ernesto moves through, shelf-slope front is reset
- Surface cools and become saltier, still stratified, weaker pycnocline
- intrusions decay over day time-scale, storm entrain salt on the shelf
- Minimum in NLIW activity during storm

36



What did we learn?

• Shelf-slope interface undergo significant intra-seasonal evolution.  
Along-shore wind & offshore forcings affect the vertical structure 
of the frontal interface.

• Slope water intrusions are common in late summer.  4 different 
types, some associated with slope water eddies.  Cross-shore 
scale of 10-20 km, alongshelf scale of 15-30 km.

• Convergent cross-shore flow at the shelfbreak, intrusions are 
associated with tidal and inertial variability.

• Intrusions weaken outershelf stratification & contribute up to 
30% of the outershelf salt budget.

• Barotropic and baroclinic tides not in phase. Internal wave activity 
highest during peak stratification and large internal tides.  
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Future studies

• The transport and mixing of heat, salt and sediments on 
continental shelves due to energetic storms.

• Role of submarine canyons, channels and valleys in shelf-
slope exchange.

• The cross-shelf exchange of heat and salt on the polar 
shelves.

Observation        Modeling
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Temperature
24 Aug 06 - 26 Aug 

Salinity
24 Aug 06 - 26 Aug 

Salinity
31 Aug 06 - 03 Sep 

Temperature
31 Aug 06 - 03 Sep 

Temperature
05 Sep 06 - 08 Sep 

Salinity
05 Sep 06 - 08 Sep 

How do storms 
affect the shelf 

transport & mixing 
of heat and salt?
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The role of shelfbreak canyons and shelf 
valleys in shelf-slope exchange?
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2 year ESPRESSO model run by Gordon Zhang & John Wilkin

Figure from Lentz 2008

Summer Winter
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