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The value of sustained observations 
in the coastal ocean

• Coastal ocean and boundary currents are 
important
o Boundary currents are drivers of natural 

climate variability - Gulf Stream 
o Interannual climate variability, as by El Niño, 

affects ecosystems - California Current 
System

o Circulation influences dispersion of 
pollutants - Gulf of Mexico



Gulf of Mexico
• National glider 

fleet deployed 
within weeks

• Contributions 
from 
institutions 
around the 
country

• Data 
distributed in 
real time 

• Assimilation 
into models



Local effects of El Niño

• El Niño seen in California waters and at the 
equator at nearly the same time.
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Gulf Stream

• Cross Atlantic 2009

• Cross Gulf Stream 2004
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A national glider network

• Large-scale, long-term baseline observations

• Connect coast with open ocean

• Societal, scientific, operational issues too large 
for a single region to address

• Alongshore scales of hundreds of kilometers

• Across shore scales of kilometers

• Time scales of weeks and longer

• Practical, achievable with a national glider 
network



Stommel’s vision

• “They migrate vertically through the ocean by changing ballast, and they can be steered 
horizontally by gliding on wings at about a 35 degree angle. They generally broach the 
surface six times a day to contact Mission Control via satellite. During brief moments at 
the surface, they transmit their accumulated data and receive instructions telling them 
how to steer through the ocean while submerged. Their speed is generally about half a 
knot.”

• “the backbone of our climate monitoring capability is our permanent fleet of 480 [gliders]”
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Each Slocum reports 

into Mission Control via 

satellite about six times 

The Slocum Mission Control Center on Nonamesset Island. 

table. The assembled staff has asked me to describe 
the excitement of  those early days on a personal 
level, so that is what I am going to try to do. 

A S  MOST of you know, the backbone of our 
climate monitoring capability is our permanent fleet 
of 480 Sentinel series of Slocums. These are able to 
occupy, on a monthly basis, all the 48 hydrographic 
sections that took the WHP 12 years to do once. We 
acquire data from this widely dispersed network via 
satellite telemetry. It is something of a wonder to 
follow the intricate patrol pattern of the Slocums 
assigned to the various sections. For example, there 
are ten assigned to patrol a section along 24°N in the 
Atlantic. Each patrols a six degree segment of  longi- 
tude. Pairs meet once a month to do an intercalibra- 
tion. Sometimes we schedule an intricate cotillion- 
like dance of the Sentinel Slocums in which they 
interchange patrols, thus obtaining, over the course 
of a year, a complete intercalibration of all Slocums 
on the section. We also have special Calibration 
Standard Slocums that wander randomly about the 
patrol lines, like the inspectors on a subway system, 
calibrating all Slocums that they encounter. 

Each Slocum reports into Mission Control via 
satellite about six times a day. At each report, con- 
ductivity, temperature and depth (CTD) data are 
transmitted, along with auxiliary tracer data. The 
satellite also reports the Slocum's position, which 
informs us how much the float has been set by the 
ocean currents it encounters and permits its auto- 
matic pilot to be reset according to a course-correc- 
tion algorithm. During the day, the casts terminate at 

different depths, and sometimes the floats dwell for 
a period at the bottom of the cast, so it is possible to 
recover information about the vertical modal struc- 
ture of the currents. 

Thus we have a basic set of Sentinels routinely 
patrolling the ocean between 50°S and 50°N, equiva- 
lent to a fleet of 48 full-time hydrographic survey 
ships, making no port stops, using no fuel, and by 
international law exempt from the restrictions on 
passage through territorial waters exacted of manned 
vessels. Each day we get about 3000 CTD profiles 
from our Sentinel fleet. 

The prototype Sentinel was launched in 1994, 
before the Mission Control Center was built, and the 
little group of originators was still working in the 
attic of the Bigelow building at the Woods Hole 
Oceanographic Institution. I can only imagine what 
the sense of excitement must have been in the attic 
control center when they started to control the navi- 
gation of Sentinel 1 after its launch off Bermuda. 
According to the logbook, it was decided not to 
confront the Gulf Stream at the start. The plan was to 
steer the Slocum as nearly eastward along 32°N as 
could be done, making a highly detailed hydro- 
graphic section along the way. With some delays due 
to interrupted communication, this section took 198 
days. It ended off lfni on the Northwest African 
coast, where the RRS Discovery had ended her 1957 
section long before. The ship managed to obtain 25 
casts. Sentinel 1 obtained 3820 casts. On this leg the 
prototype successfully demonstrated that effective 
hydrographic station work of a routine nature could 
be done remotely by an unmanned, unfueled instru- 

a day. 
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Argo

• The ocean’s role in climate

• Global observation system for sustained 
observation of ocean temperature, salinity, 
velocity



Glider observations on the US coast

• Gliders’ role in ocean observing system is to 
patrol the boundaries



Underwater 
glider

• Weight: 50 kg, Length: 2 m, wingspan: 1 m

• Profiles by changing buoyancy

• Steers by changing center of mass

• 2-way Iridium communication

• GPS navigation

• Pressure, temperature, salinity, velocity, chlorophyll 
fluorescence, acoustic backscatter, nitrate, optical 
backscatter, ...



6 km
6 h

1000 m

Glider operations • Cycle 0-1000 m, 6 
km, 6 h

• Horizontal velocity: 
0.25 m/s

• Vertical velocity: 
0.1 m/s

• Typical duration: 
3-6 months

• Endurance 
depends on sensor 
suite, stratification, 
dive depth, speed



A growing enterprise

• Glider-days/day 
in 30-day 
averages

• Improving ability 
to sustain glider 
observations

• Averaging 10 
gliders in the 
water over the 
last several 
months2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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California Current
• Spray underwater 

gliders are part of a 
system to observe 
regional effects of 
climate variability

• Sustained since 
2006

• Sections repeated 
every 3 weeks

• 125,000 km over 
ground

• 136,000 km 
through water 

• 6000 days

Southern California Coastal Ocean Observing System 
(SCCOOS)

Central and Northern California Ocean Observing 
System (CeNCOOS)



Sections across 
a front

• Depth-average 
velocity

• Chlorophyl 
fluorescence

• Along- and 
across-section 
velocity

• Potential 
temperature

• Salinity
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Ocean acidification, hypoxia

• Upwelling causes 
hypoxic, corrosive 
water to shoal near 
the coast

• Aragonite 
saturation based 
on proxy 
relationship by Alin 
et al (2012)

• pH sensors will 
soon be available
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Glider sampling

• Line 90

• Roughly 50 times as 
many glider profiles 
as ship stations in the 
same time period

• A virtue of gliders is 
continual presence.

• Annual cycle 
resolved in only 3 
years
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Spatial and temporal variability

• Repeated sections off Washington

• Annual cycle near surface

• Westward propagation at depth

• Similar behavior seen off California, where the 
propagation was shown consistent with Rossby waves



Data management
• National standards to ease exchange of data 

from regional glider operators

• Real-time distribution 

• Quality control

• Delayed-mode distribution

• Archiving

Operations
Piloting

Glider Data 
Center Users
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Data assimilation with gliders

• MITgcm

• 1/16°

• 72 vertical levels

• Surface forcing by 
NCEP reanalysis

• IC/BC: Forget 2009

• Assimilating gliders, 
Argo, CalCOFI T/S, 
satellite SSH, SSTRobert Todd

Matt Mazloff
Bruce Cornuelle



Mean alongshore velocity

• Undercurrent apparent in cores of poleward flow

• California current is broad equatorward flow offshore near surface

• Remarkable agreement between data and model
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Observations and modeling of tracer variance

• Observed layers of 
spice variance

• Adjoint model of layer 
origin

• Sources of coastal 
water identified

Longitude (°)

L
a
tit

u
d
e
 (

°
)

(a)

−125 −124 −123 −122 −121 −120 −119 −118

30

31

32

33

34

35

36

σ (kg m−3)

D
e
p
th

 (
m

)

(b)

24 26 28

0

250

500

750

1000

1250

1500

σ
 (

kg
 m

−
3
)

(d)

100300500

23

24

25

26

27

σ
 (

kg
 m

−
3
)

(a)
23

24

25

26

27

Distance from shore (km)

(e)

100300

(b)

(f)

100300500

(c)

S
a
lin

ity
 v

a
ri
a
n
ce

 (
p
su

2
 k

m
−

1
)

10
−5

10
−4

10
−3

10
−2

Todd et al., 2012



linking 
Model

&
Data



Summary
• Societal and research priorities require 

sustained observations in the coastal ocean

• Underwater glider technology is suitable for the 
task

• Experience with sustained operations proves 
readiness

• Data management requirements are relatively 
straightforward

• Modeling and prediction centers are important 
consumers of glider data

• Workshop goal: Plan a national glider network



Why a network?

• Important problems larger than any single 
region can address

• By working together we can establish a 
network to address these problems 

• The network approach is proven: Argo, HF 
radar

• A national network will provide an 
infrastructure that will benefit regional efforts

• A network is possible only if we join forces


