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Key Points 
1) A simultaneous trio of glider measured the extent and the volume of a 12oC Cold Pool 

volume estimates over the Mid-Atlantic Bight. 
2) The warming and salting effects of an impinging Gulf Stream Warm Core Ring expanded 

the TS property definition of possible Cold Pool Water. 
 

Abstract 
During summer, a distinctive bottom-trapped, cold water mass of remnant winter water called 
Cold Pool Water (CPW) resides as a swath over the middle to outer continental shelf throughout 
much of the Middle Atlantic Bight (MAB). CPW is an important habitat feature for the 
ecosystem in general and several important fisheries.  In September 2013, we deployed a three-
glider fleet to measure the distribution of the CPW mass during a time when the MAB waters 
were strongly influenced by the impingement of a Gulf Stream warm core ring (WCR). The 
WCR salting and warming effects produced an early autumn 2013 CPW mass that had a 10oC 
CPW mass volume was 1138 km3 in comparison to 2391 km3 for WCR-less autumn 2007. So the 
redefined September 2013 12oC CPW mass volume was 4093 km3. These 2013 glider 
measurements document the late summer/early autumn Cold Pool, but despite summer warming 
the Cold Pool water properties are still distinctive. The near-simultaneous glider-measured water 
properties in the MAB sub-regions of Southern New England Bight, off of New Jersey and off of 
Maryland revealed the potential to estimate mixing rates between CPW and Slope Sea waters. 
The glider-derived currents documented alongshore flow structures and revealed an exit route for 
CPW in the MD sub-region. 

 
 



 

17 March 2021    Cold Pool Part-2: Glider 2013 Observations 2 

 

1. Introduction  
 

The Cold Pool is a distinctive, highly-variable, bottom-trapped, cold water mass remnant local 
and remote winter water found during summer over the mid and outer continental shelf between 
Cape Cod and Cape Hatteras – a region known as the Middle Atlantic Bight (MAB). The Cold 
Pool is an important element in the MAB habitat according to Malone et al. (1983) and Flagg et 
al. (1994), who have shown that it affects phytoplankton productivity; and Sullivan et al. (2005) 
and Weinberg (2005) who have shown that it affects the behavior and recruitment of pelagic and 
demersal fish on the shelf. 
 
The distribution and characteristics of this Cold Pool Water mass evolves significantly during its 
May through October lifetime (Ketchum and Corwin, 1964; Boicourt and Hacker, 1976; 
Beardsley et al., 1976; Beardsley and Boicourt, 1981). Lentz et al. (2003) present the annual 
evolution of a MAB-averaged cross-shelf section of the climatological temperature. This 
sequence shows that well-mixed winter shelf waters cool between January and March. The May 
section shows how the vernal onset of temperature- and fresh water- induced stratification 
creates a bottom-trapped, Cold Pool Water mass with minimum temperatures dependent on the 
severity of the previous winter’s local cooling.  
  
Once formed, this distinctive Cold Pool goes through a complex evolution during the rest of the 
spring and throughout the summer. For example, during May-June the northeastern MAB Cold 
Pool gets colder due to continued inflow of winter water from the Gulf of Maine/Georges Bank 
(GoM/GB) region (Brown and Irish, 1993; Hopkins and Garfield, 1979; Ramp et al., 1988). The 
Lentz (2017) analysis of more than 50,000 hydrographic profile minimum temperatures 1955-
2014 climatology suggested to him that a coldest patch of CPW was formed locally. 
 
During the summer, the Cold Pool Water mass (CPW) is warmed (and salted) by a complex 
array of turbulent processes along its offshore boundary which is the shelf break front (SBF) 
(Houghton et al., 1982; Lentz et al., 2003; 2010). Different across-SBF exchange processes 
involving the interior and bottom boundary layers (Linder et al., 1994) result in episodic 
warm/salty intrusions of Slope Sea waters into the shelf CPW mass. Interactions between Gulf 
Stream Warm Core Rings (WCR) and the SBF undoubtedly contribute to such exchanges. CPW 
is also warmed by turbulent processes acting on its surface (Chen et al. 2014) and along its 
landward (Kohut et al., 2004) boundary. It is the competition between these different processes 
that we seek assess with glider observations south of New England, the shelf off New Jersey and 
Maryland. 
 
The cooling of northeast MAB Cold Pool waters ceases in July, which is followed by a general 
warming of all the still distinct Cold Pool through September. Then during autumn, the 
inevitable energetic autumn storms mix the MAB water column well enough to erase the 
distinctiveness the Cold Pool by November, when and the following year’s annual Cold Pool 
evolution cycle begins anew. 
  
The mysteries of the Cold Pool and its importance to the MAB ecosystem prompt us to seek 
answers regarding these erosion processes. Such answers are now within our reach because of 
the newly-available technologies, including ocean gliders, remote high frequency radar-derived 
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surface current mapping, modern data-assimilation coastal ocean numerical models, and the 
development of the Integrated Ocean Observing System (IOOS; Bassett et al., 2010) and the 
Ocean Observatory Initiative (OOI): Pioneer Array. This paper describes what we have learned 
about the MAB Cold Pool from primarily glider observations. 
 
2. Measuring the Cold Pool  
 
In 2013, MARACOOS organized a 9-glider 
deployment consisting of operations all along the 
American coastal ocean between Nova Scotia 
and Florida - GliderPalooza 2013. Here we focus 
on a four-glider subset of missions in the MAB 
(see Figure 1). The gliders Blue, RU-23 and RU-
22 missions were conducted on the mid to outer 
shelf almost at the same time in September and 
October. Glider RU-28 patrolled the inner shelf 
in water depths less than 30m along the NJ coast. 
The three outer shelf gliders also tested the 
hypothesis that triangular glider patterns were 
most effective for data-assimilation numerical 
ocean modeling of MAB dynamics and 
kinematics. 
 
Glider Blue occupied a triangular trajectory that 
sliced through the Cold Pool twice in the 
Southern New England Bight (SNEB; see Figure 
1). Glider RU-23 occupied a right triangular 
trajectory - at nearly the same time as glider Blue 
- that sliced through the Cold Pool twice off New 
Jersey (NJ). A week later, glider RU22 
trajectory, occupied a near-rectangular trajectory off Maryland (MD) that sliced through the Cold 
Pool twice. 
 
The minimum temperature for each leg (Tmin) is located (with date) in Figure 1 (details in Table 
1). Tmin for glider Blue’s SNEB Leg-1 is 10.32oC as are the other Tmins are greater than 10oC. 
Since Brown et. al (2020) defined the sub-10oC waters as Cold Pool Waters, we had to 
reconsider that Cold Pool definition. The SNEB region waters had been warmed (and salted) by 
a Gulf Stream warm-core-ring (WCR), which impinged on the northeastern MAB shelf during 
August-September 2013. The fact that Gulf Stream WCRs are frequent visitors to the northeast 
edge of the MAB - locally warming and salting the Cold Pool properties - forced us to revise the 
Brown et. al (2020) definition of MAB Cold Pool Water properties (see Figure 2). This, in turn, 
prompted us to explore the extent of a 12oC Cold Pool for the whole MAB. 
 
Given the frequent WCR warming/salting of particularly SNEB waters, we choose to define the 
September 2013 Cold Pool as all of the sub-12oC waters. This choice clearly implies that the 
sub-12oC Cold Pool will be present in the September 2013 SNEB region. Interestingly by 

 
Figure 1 The MAB trajectories of gliders BLUE, 
RU23, RU22, and RU28. The glider Blue triangle 
in the Southern New England Bight consists of 
Legs -1 (red), -2 (grn), and -3 (blk); as was the 
glider RU23 trajectory off NJ; as was the glider 
RU22 trajectory east of Maryland. The glider 
RU28 trajectory (blk) is the one just off the NJ 
coast. The Leg-Tmin/dates are indicated. 
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looking at the Tmins in Figure 1, we note that the 
RU23-measured waters off NJ in September 
2013 were clearly the coldest MAB waters. 
 
Thus, the approximate MAB geography of the 
Cold Pool can be defined for September 2013 by 
the intersections of the 12oC isotherm with the 
bottom in the temperature sections for these three 
glider’s measurements. The temperature sections 
with average of the sub-12oC average 
temperatures are presented for the SNEB, NJ and 
MD in Figures 3, 4 and 5, respectively. 
 
 
 
 
 
 
 

 
The three glider missions are used thusly for the: 
   

SNEB Region: At the inshore end of glider Blue’s Leg-1 temperature section (see Figure 
3), the 12oC isotherm intersects with the bottom near the 40 m isobath. At the inshore end 
of glider Blue’s Leg-3 section, the 12oC isotherm intersects with the bottom near the 45m 
isobath. At the Leg-3 seaward end of glider Blue’s Leg-2 section, the 12oC isotherm also 

Table 1 The 2013 section-minimum temperatures Tmin, associated salinities STmin, and the average temperatures 
of the upper and lower layers (super- and sub-12oC waters) are presented. The means and standard deviations of 
temperature departures (TD=T-Tmin) and associated salinity departures (SD=S-STmin) for water temperatures less 
than 12oC are also presented. 
 

Glider 
ID 

Sec. 
ID 

 Dates 
Sep 
2013 

Lower 
Ave. 
T(oC) 

Upper 
Ave. 
T(oC) 

Tmin 
 

(oC) 

TD 
Mean 

(oC) 

TD  
Std Dev 

(oC) 

STmin 
 

 (psu) 

SD 
Mean 
(psu) 

SD 
Std Dev 

(psu) 
BLUE Leg-1  06-13 11.11 16.40 10.317 0.791 0.423 33.332 - 0.112 0.265 

 Leg-3 19-26 11.38 16.04 10.412 0.971 0.394 33.449 0.035 0.254 
   Ave. 11.25 16.22 10.365 0.881 0.409 33.391 - 0.077 0.260 

RU-23 Leg-1 10-15 10.54 19.42   9.485 1.054 0.666 33.483 -0.216 0.286 
 Leg-3 20-27 10.55 18.60   9.789 0.757 0.558 33.465 -0.250 0.294 
  Ave. 10.55 19.01 9.637 0.906 0.612 33.474 -0.233 0.290 

RU-22 Leg-1 12-26 10.75 18.92   9.839 0.909 0.536 33.345 0.015 0.285 
 Leg-3 S30-O16  11.23 19.08 10.124 1.105 0.490 33.427 0.107 0.364 
  Ave. 10.99 19.00 9.982 1.007 0.513 33.386 0.061 0.325 
 Globe AVE. 10.97 18.08 9.995 0.931 0.511 33.417 -0.083 0.292 
           

BLUE Leg-2 13-19 11.24 16.31 10.231 1.012 0.423 33.381 0.320 0.444 
RU-23 Leg-2 15-20 10.15 17.80   9.470 0.679 0.608 33.433 0.125 0.223 
RU-22 Leg-2 26-30 10.72 17.52   9.848 0.868 0.537 33.361 0.242 0.280 
 

 
Figure 2 The “global” definition of the Cold Pool 
water mass (blk dashed) includes seasonal sub-
definitions:  Spring/Summer 2007, Autumn 2007 
and Autumn 2013.  
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intersects the bottom at 85m. At the 
Leg-1 seaward end of glider Blue’s Leg-
2 section, the 12oC isotherm extends 20-
30 km beyond the shelf break in the 
westward direction. 
 
NJ Region: At the inshore and seaward 
ends of glider RU-23’s Leg-1 temperature 
section (see Figure 4), the 12oC isotherm 
intersects with the bottom near the 25m and 
82m isobaths, respectively. The same is true 
for the 12oC isotherm/bottom intersections 
on RU-23’s Leg-3 section. 

 
MD Region: At the inshore 12oC 
isotherm/bottom intersections for both of 
glider RU-22’s Legs-1 and -3 temperature 
sections (see Figure 5), occur near the 35m 
isobath.  

 
 

 

 
  

 
Figure 3 (upper) glider Blue’s Leg-1 temperature 
(oC) section. (middle)The same for Leg-2 & (lower) 
The same for Leg-3. The 12oC isotherm is at the 
red/auburn interface. The Leg-minimum 
temperature is located and the sub-12oC average 
temperature (larger font) is indicated. Note: The 
missing upper layer temperatures are a result of 
avoiding the shipping lanes. 
 

 

 

 

 
Figure 4 (upper) glider RU23’s Leg-1 temperature 
(oC) section. (middle)The same for Leg-2 & (lower) 
The same for Leg-3. The 12oC isotherm is at the 
red/auburn interface. The sub-12oC average 
temperature (larger font) is indicated and the Leg-
minimum temperature is located. 

 

 

 

 
Figure 5 Glider RU22’s temperature (oC) sections 
for (upper) Leg-1. (middle)Leg2 & (lower)Leg3.  
The 12oC isotherm is at the red/auburn interface. 
The sub-12oC average temperature (larger font) is 
indicated and the Leg-minimum temperature is 
located. 

 



 

17 March 2021    Cold Pool Part-2: Glider 2013 Observations 6 

 

We present the estimated footprint of the 12oC Cold Pool in Figure 6. For comparison, we also present the 
estimated footprint of the 10oC Cold Pool in Figure 7. Assuming a 30m warm layer thickness for both of 
the 12oC and 10oC Cold Pools, their volumes are 4093 km3 and 1138 km3, respectively. 
 

 
 
3. Cold Pool Water Mass Analysis: September 2013 
 
The September 2013 MAB Cold Pool was clearly warmer than the autumn 2007 Cold Pool 
(Brown et. al, 2021). The lack of sub-10oC Cold Pool waters in the SNEB end of the MAB 
explains this difference. However, all 3 glider temperature transects display sub-12oC Cold Pool-
like waters (see Figures 3-5). Notably in September 2013, the coldest Cold Pool water is in the 
NJ sub-region. 
 
We focus this water mass analysis on the cross-shelf transects - legs 1 and 3. In particular, the 
most inshore profile and the Tmin profile are most representative of the T-S properties of the 
transect. Note that the Tmin profiles are very near the most seaward end of the transect. In general 
for each of these 3 sub-regions, the inshore profile T-S properties are influenced by Cold Pool 
waters. In general for each of these 3 sub-regions, the deeper Tmin profile T-S properties seem to 
be influenced by warm slope water. The Leg-1 Tmin profile T-S relationship with its subsurface 
Tmin resembles the shape of the Gulf of Maine (GoM) T-S curves (Brown and Irish, 1993). So, 
we include those GoM water mass definitions in the plots for background visual reference. The 
boxes in Figures 8-10 delineate the Brown and Irish (1993) definitions of Maine Intermediate 
Water MIW, Maine Bottom Water MBW, and Warm Slope Water WSW and Cold Slope Water 
CSW.  
 

 
Figure 6 The sub-12oC MAB Cold Pool (pink) for 
September 2013 is defined by the trio of glider 
measurements: glider Blue in the northeast, glider 
RU23 in mid-shelf and glider RU22 in the 
southwest. The section-minimum temperatures 
Tmin (blue o) are located. 
Estimated Cold Pool Volume => 4093 km3 

 

 
Figure 7 The sub-10oC MAB Cold Pool (pink) for 
September 2013 is defined by the trio of glider 
measurements: glider Blue in the northeast MAB, 
glider RU23 in mid-shelf MAB and glider RU22 
in the southwest MAB. The section-minimum 
temperatures Tmin (blue o) are located.  
Estimated Cold Pool Volume =>  1138 km3 
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The SNEB sub-region T-S properties of the Leg-1 and Leg-3 Tmin profiles in (see Figure 8) have 
12oC Cold Pool water. Both of the T-S properties of Legs-1 and -3 inshore profiles are a product 
of lateral mixing of coastal and Cold Pool waters. We conclude from the comparison of Leg-1 
and Leg-3 T-S properties that the WCR presence is affecting the mixing of T-S properties as the 
water flows through the SNEB region. The deeper T-S properties of the SNEB sub-region Tmin 
profile for both the legs also suggest that the Cold Pool waters mix with warm slope water 
(WSW).  
 

 
Figure 8 The SNEB (left) Leg-1 and (right) Leg-3 (top) temperature profiles, (middle) salinity profiles and 
(bottom) T-S relations for the Tmin station (solid) and most shoreward station (dashed) for the September 2013 
measurements. The global Cold Pool water mass is defined (dashed trapezoid). The rectangular boxes define the 
internal Gulf of Maine water masses – MIW and MBW and the warm and cold slope water  WSW and CSW 
(Brown and Irish, 1993). 
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The New Jersey sub-region T-S properties of the Leg-1 and Leg-3 Tmin profiles (see Figure 9) 
have sub-12oC Cold Pool water. Both the Legs-1 and -3 inshore T-S properties point definitively 
are a product of lateral mixing with local coastal and Cold Pool waters. Both legs of NJ sub-
region Tmin profile water properties point toward probable mixtures with WSW. 
 

 
 
 

 
Figure 9 The NJ (left) Leg-1 and (right) Leg-3 (top) temperature profiles, (middle) salinity profiles and 
(bottom) T-S relations for the Tmin station (solid) and most shoreward station (dashed) for the September 2013 
measurements. The global Cold Pool water mass is defined (dashed trapezoid). The rectangular boxes define the 
internal Gulf of Maine water masses – MIW and MBW and the warm and cold slope water WSW and CSW. 
(Brown and Irish, 1993). 
 
 



 

17 March 2021    Cold Pool Part-2: Glider 2013 Observations 9 

 

 
While the Maryland sub-region Leg-1 Tmin profile (see Figure 10) clearly has sub-12oC Cold 
Pool water, it is not clear that Leg-3 has it. However while the Leg-1 inshore T-S properties hint 
at lateral mixing of  local coastal and Cold Pool waters, the Leg-3 inshore T-S properties seem to 
have a different end member. While the deeper Leg-1 Tmin profile T-S properties are clearly 
influenced by mixing with mixtures with WSW, it is less clear that  Leg-3 Tmin profile T-S 
properties are influenced by WSW properties. The unanswered question is where do this Cold 
Pool water mass acquire these WSW properties ….from advected GoM water directly versus 
from local exchange across the SBF? The answer is all part of the details and rate that Cold Pool 
water gets warmed and salted. 

 

 
Figure 10 The MD Leg-1 (top) temperature profiles, (middle) salinity profiles and (bottom) T-S relations for the 
Tmin station (solid) and most shoreward station (dashed) for the September 2013 measurements. The global Cold 
Pool water mass is defined (dashed trapezoid). The rectangular boxes define the internal Gulf of Maine water 
masses – MIW and MBW and the warm and cold slope water WSW and CSW. (Brown and Irish, 1993). 
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4. Glider-Measured Currents 
 

At the surface, the Slocum glider (a) changes its buoyancy to make it slightly heavier than the 
surrounding water, which (b) causes it to down-glide at about 27o (relative to the horizontal) (c) 
until it detects the sea floor and becomes lighter than the surrounding water and turns upward. 
This upward turn is (d) followed by an up-glide at about 27o to what is typically 2-5 m in depth 
and (e) followed a succession of down-glide/up-glide pairs at about 100 m horizontally at these 
depths.  Thus the glider sawtooths its way through the ocean. On the shelf, these Slocum gliders 
make about 20 sawtooth pairs of profiles in 3 hours -  our typical time between surfacings; with 
an average speed of about 0.25 m/s; or about ½ kt. 
 
These gliders obtain GPS locations upon each of 
its surfacings that define the extent of these 3-
hourly segments. The Slocum glider’s computer 
uses the section start and end GPS locations to 
estimate average ocean current vector over the 
previous section. This is done by a dead-
reckoning algorithm, in which the ocean current 
induced deviation from its dead-reckoned position 
is averaged over the whole section (Stommel, 
1989). We interpret this section-averaged current 
as a depth-averaged current. Thus, each of the 
three gliders measures a 3-hourly, time/space-
averaged current time-series like the one shown 
for glider Blue in Figure 11.  
 
The glider trajectory wiggliness in Figure 11 is 
caused currents, which has an O(10cm/s) 
semidiurnal clockwise rotary tidal current 
(Brown, 1984) superposed on an O(5cm/s) east to 
west general flow (Ou & Houghton, 1982). In this case glider Blue, is saw-toothing its way 
through a slowly spatially varying tidal current field – at the rate about a week per leg. The effect 
of the dominant semidiurnal M2  is seen on the hourly Leg-1 current distribution in Figure 11.  
 
The tidal ellipse distribution (see Figure 12) through the MAB has been computed using the 
MARACOOS high frequency radar (HFR) surface current data. The currents are derived from 
frequency Doppler shifts in the HFR returns (Bragg scatters) from typically 6 km x 6 km patches 
of ocean. The currents for the whole MAB are be computed hourly from a 30-40 site network of 
MARACOOS HFR sites. The current ellipses were computed using the Matlab t-tide (personal 
communication – H. Roarty). Structurally, the HFR-derived M2 current ellipses in the SNEB 
region look like those throughout the MAB as shown in Figure 12. The time variability of 
dominates semidiurnal tidal currents in a sub-region of the MAB. 
  

 
Figure 11 Glider Blue’s 6-26 September 2013 
triangular trajectory in the Southern New 
England Bight. The 3-hourly dead-reckoned, 
section-averaged current vectors are presented 
for legs-1, -2 and -3 as it sawtooths clockwise 
around the triangle. 
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So typically, we remove the tidal current 
component in the current record by applying a 
filter especially designed by Groves et al. (1955) 
to attenuate diurnal and semidiurnal tides.  
Because the Groves filter requires an hourly time 
series input, we have interpolated the three-
hourly to hourly time series of glider-measured 
current vectors. Figure 13 shows the hourly 
detided currents measured by glider Blue in the 
SNEB region. This tide-filtering process 
produces a smoothed time/space subtidal 
current series with the tidal oscillations 
severely attenuated. 
 

 
Figure 12 These M2 tidal ellipses were generated for the MAB from 2009 MARACOOS HFR-derived surface 
current using the t-tide Matlab toolbox by H. Roarty. 
   
 

 

 

 
Figure 13 Glider Blue’s hourly detided current 
vectors were smoothed using a Groves (1955) 
tidal filter.  
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These glider Blue hourly 
subtidal current series 
consist of (a) relatively 
small flows (< 5 cm/s) 
along most of Leg-1 until 
the near the shelf-break 
(see Figure 12); (b) the 
much stronger order10 
cm/s northwestward 
(landward) flows along 
Leg-2 were caused by a 
nearby Gulf Stream 
Warm Core Ring (WCR; 
(Figure 14)); and (c) the 
relatively strong (~10 
cm/s) northwestward 
flows along Leg-3 look 
like the expected MAB 
long-shelf flow.  
 
The tide-filtered currents 
at the NJ (Figure 15) and 
MD (Figure 16) sites were 
very different than the 
SNEB currents. In 
particular, the MD site 
currents were amplified 
relative to the SNEB site currents. This MD site alongshelf flow amplification is due to 
geography - a converging shelf from northeast to southwest. We also note to contrast between 
the SNEB site on-shore flow (due the WCR), the NJ site Leg-2 along-isobath flow versus the 
MD site Leg-2 off-shore flow. The MD site flow configuration is evidence of the off-shore loss 
of the Cold Pool waters. 
  

 
Figure 14 NOAA-18 AVHRR image of SST in the SNEB region on 20 
September 2013 (YD 263). The clockwise circulation around the nearby Gulf 
Stream warm core rings is indicated. The Blue and RU-23 trajectories are 
located.  
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We have projected wiggly glider trajectories on to straight line legs. Then, we computed the 
normal velocities to each leg for the three sites in Figures 17-19. Obviously, the velocities are 
stronger at the Maryland site than at the other “upcoast” sites. This is caused by the convergence 
of the shelf width on the general 5 cm/s alongshelf flow.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 16  Glider RU22’s hourly detided current 
vectors were smoothed using a Groves (1955) 
tidal filter.  

 

 

 

 
Figure 15  Glider RU23’s hourly detided current 
vectors were smoothed using a Groves (1955) 
tidal filter.  

 

 

 

 
Figure 17 SNEB (Blue): Every 10th of 4609 
stations NORMAL detided current vectors were 
projected on to straight-line legs. 
                     Leg Net Transports    
Leg-1 (0001-1925) =     - 7,206  ±   33 m3/s 
Leg-2 (1925-2757) =   600,726  ± 534 m3/s 
Leg-3 (2757-4609) = - 326,377  ± 750 m3/s 

 

 

 
 
 
 
Figure 18 NJ (RU23): Every 10th of 3974 
stations NORMAL detided current vectors were 
projected on to straight-line legs. 
                          Leg Net Transports   
Leg-1 (0001- 1497/1583) = 179,113 ± 604 m3/s  
Leg-2 (1705-2331)           =  185,483 ± 206 m3/s 
Leg-3 (2331-3974)           =  251,043 ± 419 m3/s 
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The transports associated with that normal flow 
were computed for each for each leg. The net 
normal detided velocity transports for each leg are 
given in the respective legends. Because the 
glider-derived currents are aliased in time/space 
the transports are not conserved.  
 
A typical example of the transport situation 
occurred for the SNEB region, in which glider 
Blue took about 3 weeks to close the triangle. 
Obviously the glider-measured flow is aliased in 
time and space. Thus, the WCR net inflow to the 
region of through leg-2 of 600,726 m3/s  is only 
½-way balanced by the net outflow through leg-3. 
  
Our best example of transport conservation is in 
the MD (RU-22) region. The respective amplitude 
distributions of the inflows and outflows through the legs are illustrated in Figure 20. The 
difference between the Leg-1 net inflow transport of 1,572,853 m3/s minus the Leg-3 net outflow 
transport of 936,289 m3/s of 636564 m3/s is only accounted for by 73% of the 462,162 m3/s 
offshore transport. The remainder could be flowing out under the measured part in  Figure 20. 
 
5. Summary of Results 
We have described a trio of Slocum glider 
observation missions have been used to define the 
September 2013 Cold Pool between Cape Cod 
and Cape Hatteras. The glider water property 
measurements – particularly temperature – to 
define an important, evolving habitat feature of 
the Mid-Atlantic Bight. The 2007 glider 
measurements were originally used to define the 
TS-space of the Cold Pool waters. However, the 
2013 glider observations forced us to expand the 
Cold Pool waters TS-space to accommodate the 
influence of Gulf Stream salty, warm core rings 
(WCRs) on Cold Pool waters (see Figure 2).   
 
Whereas the Cold Pool’s extent has historically 
been defined by the 10oC isotherm, these 2013 
results required that the Cold Pool be defined by 
the 12oC isotherm. Using the 10oC Cold Pool 
definition for the September 2013 measurements led to a decreased-sized Cold Pool footprint - a 
very narrow strip stretching from just west of the SNEB region to the MD region (Figure 7). The 
estimated sub-10oC Cold  Pool for September 2013 is 1138 km3 (see Figure 7) as compared to 
the autumn 2007 volume of 2391 km3 (see Figure 18 in Brown et al., 2021a). We attribute this 
volume difference to the 2013 warming effects of the impingement Gulf Stream WCR. By 

 
Figure 19 MD (RU22): Every 10th of 0500-5915 
stations NORMAL detided current vectors were 
projected on to straight-line legs. 
                            Leg Net Transports  
Leg-1 (0500-2577) =  1,572,853 ± 2859 m3/s 
Leg-2 (2577-2877) =     462,162 ±   213 m3/s 
Leg-3 (2877-5915) =     936,289 ± 3312 m3/s  

 

 

 
Figure 20 Glider RU22’s  (upper) Leg-1 normal 
inflow (m/s); (middle) Leg-2 normal outflow 
(m/s); (lower) Leg-3 normal outflow (m/s).  
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contrast, a sub-12oC 2013 Cold Pool has an estimated volume of 4093 km3 (Figure 6). Bottom 
line, the definition of the Cold Pool lies quite arbitrarily with the user, who has different 
applications.  
 
The 2013 glider measurements document the autumn Cold Pool, during which Cold Pool waters 
lose their distinctiveness – a casualty of storm mixing. Of course, the SNEB region Cold Pool 
water properties are consistent with our redefined trapezoid of Cold Pool water properties (see 
Figures 8-10). All three sub-regions – SNEB/BLUE, NJ/RU23 and MD/RU22 – exhibited 
inshore water properties that reflected mixtures with the local Cold Pool waters. The Tmin T-S 
relationships indicated deeper water properties that hinted at slope water influence. The inter-
annual variability of Cold Pool Waters was explored through glider measurements of  autumn 
2013. The nearly simultaneous 2013 trio of glider measurements (Figure 1) were used to show 
how the 2013 MAB Cold Pool Waters in the northeastern sector were warmed and salted by the 
impingement of a Gulf Stream Warm Core Ring (GS-WCR). However, these results suggest that 
a quantitative water mass analysis – beyond the scope of this effort – could lead to cross 
shelfbreak front mixing rates.  
 
Lastly, the glider measurement of approximately 3-hourly vertical/section-averaged velocities 
were tide-filtered. This filtering revealed smoothed flows that were much more consistent with 
the glider speeds in transiting the separate legs (Figures 13,15 & 16). The wiggly glider 
trajectories were projected onto straight-line legs.  The detided glider-derived velocity average 
time series were used to compute the leg-normal flows and total transports for each leg (Figures 
17-19). Typically. because that glider measurements are so aliased, the transports for each sub-
region were not conserved. However, for the robust MD sub-region results revealed a one-way 
exit route for the Cold Pool waters  
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