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ABSTRACT 

The aim of this community white paper is to make 

recommendations for a glider component of a global 

ocean observing system. We first recommend the 

adoption of an Argo-like data system for gliders. Then, 

we argue that combining glider deployments with the 

other components (ships, moorings, floats and satellites) 

will considerably enhance our capacity for observing 

the ocean by filling gaps left by the other observing 

systems. Gliders could be deployed to sample most of 

the western and eastern boundary circulations and the 

regional seas (around 20 basins in the world) which are 

not well covered by the present global ocean observing 

system and in the vicinity of fixed point time series 

stations. These plans already involve people scattered 

around the world in Australia, Canada, Cyprus, France, 

Germany, Italy, Norway, Spain, UK, and the USA, and 

will certainly expand to many other countries. A rough 

estimate of resources required is about 13M$/Euro for 

~20+ gliders permanently at sea during five years in the 

world ocean, based on present scientific infrastructures. 

1. INTRODUCTION 

There is a growing awareness of the ocean's role in our 

life. We know that the ocean play a central role for a 

number of aspects related to our environment, such as 

the characteristics and changes of the global/regional 

climate, the weather, the ecosystems, the living 

resources and the biodiversity. Knowledge of the ocean 

is also critical for human activities like science, 

education, defence, security, rescue, coastal protection, 

shipping, fisheries, offshore industry, and tourism. The 

ocean's have not only an enormous storage capacity for 

various properties  through external physical and 

biogeochemical forcing and internal dynamics, the 

ability to transport them over far distances. This gives 

rise to remote effects (in space and time) on currents, 

water properties, and marine ecosystems, which could 

be dramatic. Dissolved and particulate matters as well 

as physical (temperature and salinity) and 

biogeochemical properties (e.g. pH, oxygen, and nitrate) 

are transported by the oceanic currents and thus 

significant shifts or reversals of the circulation have a 

major impact on marine organisms as well as large 

ecosystems/communities. Human beings are not 

immune from these impacts on the ocean environment.  

The marine environment is a complex and turbulent 

system in which strong interactions between physical, 

chemical, and biological processes takes place. The 

interaction of these processes occur on scales from a 

few meters to thousand of kilometres in space and from 

hours to more than decades in time, which makes it 

particular challenging to investigate. One basic 

requirement for a comprehensive analysis of the marine 

environment is the simultaneous acquisition of the 

various physical, chemical, and biological parameters. 

Another requirement is to observe the wide range of 

spatial end temporal scales. It is clear that only the 

structured interplay of a variety of observing system 

components can keep with this challenge. 

The international Global Ocean Observing System 

(GOOS) has been set up to value and organize the 

different marine observing components into one 

coherent system. GOOS is a contributor to the Global 

Earth Observation System of Systems (GEOSS), which 

exists to monitor the environment and assist 

stakeholders in taking decisions. The current design of 

GOOS is not optimized in sampling capabilities (e.g. 

eastern and western boundary currents are not well 

sampled) as well as parameter space (e.g. marine 

ecosystem state variables are only very poorly 

resolved). It will be shown in this review how gliders 

can help to further optimize GOOS. 

On behalf of the EGO group (Everyone's Gliding 

Observatories, http://www.ego-network.org/) we will 

review in this white paper the demonstrated capabilities 

for observing the ocean of a fairly recent measurement 

platform, the underwater gliders, that can address these 
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gaps. We provide assessments and recommendations, 

including necessary technical developments, temporal 

and spatial sampling requirements, core variables, 

calibration procedures, standards, and a data sharing and 

release policy. Our paper provides a global point of 

view and shows how gliders can integrate with other 

systems, and outlines some plans for an effective 

implementation at global and basin scale. 

2. IN-SITU OBSERVING SYSTEMS 

In-situ observations of the marine environment have 

been traditionally carried out by oceanographic ships, 

moorings, and floats. All these observing platforms can 

carry out multidisciplinary measurements of the ocean, 

but not always with the spatio-temporal resolution 

required. The key point here, is to avoid any aliasing 

effect leading to erroneous conclusions. During the last 

30 years, an increasing number of actions designed to 

estimate the ocean state or observe how climate change 

has unfolded in the ocean. Among those, one can 

distinguish four in-situ observing strategies: 

1. Process studies: many oceanic processes require 

further investigation and require in-situ 

observations that are able to resolve small and 

(sub)meso scale (1-100km, days/weeks), in 

relatively large areas (regions/basin) to be carried 

out. This has been done punctually for a better 

understanding of the ocean, sometimes with a 

repeat study (always in winter for instance) in 

regional seas that are generally important for the 

global functioning of the ocean (convection sites, 

eddy-focused studies, vertical mixing at smaller 

scale, oligotrophy processes, ...). 

2. Observing systems for scientific projects: many 

scientific projects aim to address the oceanic 

variability at low frequency and have set up 

observing systems to allow relatively long term 

observations (years) like repeated transoceanic 

sections and water samples collection in particular 

areas (on a week/month to multi-year basis) or 

mooring arrays (periods of years at a resolution of 

a few minutes).  

3. Observatories: often with a multidisciplinary 

approach, observatories are set for decades in 

particular areas (defined by a global vision as much 

as possible) to focus on particular processes 

defined by provinces that are characterized by a 

strong interannual variability. 

4. Operational oceanography: the main focus is the 

real time data coverage and flow of information, as 

well as archiving, with the major constraint of real 

time and delayed-mode quality controls. Data 

centers collect these data and distribute them in a 

worldwide network including operational 

forecasting models that in turn can provide an up-

to-date estimate of the state of the ocean (physical 

and biogeochemical).  

The widest variety of multidisciplinary measurements at 

high spatial resolution can be obtained from 

oceanographic research vessels. Unfortunately, logistic 

and economic aspects often invalidate them as platforms 

able to carry out continuous and sustained ocean 

observations. While analyses of hydrographic sections 

have shown changes between surveys it is often not 

clear what they mean. This is the case because they 

cannot be repeated very often, so high frequency 

variability causes an aliasing and sampling bias problem 

for hydrographic sections. With less capacity for the 

measured parameters, ships of opportunity can be used 

for ocean monitoring but they are constrained to 

(commercial) timetables and maritime routes. 

Furthermore, they may need to be manned on each trip 

and they do not always pass through regions of highest 

scientific interest. 

Unlike oceanographic ships, moorings provide 

multidisciplinary data with very high temporal 

resolution over long periods. Nowadays, moorings can 

operate for more than five years. Satellites and surface 

buoys and/or submarine cables for data transmission can 

convert them into sustained ocean observing platforms, 

allowing near real time data transfer to land bases. 

Results from moored systems at key locations have 

documented large variability but it is difficult to extract 

trends. The spatial resolution is very poor unless a very 

large (or even unrealistic) number of moorings is 

considered; consequently, it is often impossible to 

separate spatial and temporal variability.  

The international Argo program has been very 

successful in providing the first intensive data coverage 

of temperature and salinity in the upper 1000 to 2000m 

of the world ocean. This global array of profiling floats 

has been recently implemented and is a network capable 

of monitoring the global ocean in a full operational 

sense. A large number of floats makes it possible to 

monitor the ocean “randomly” and “on average” in a 

global manner, each float providing data every 10 days 

or so. The present array configuration of ~3000 floats 

gives a horizontal resolution (average distance between 

floats) of around 300km, in case the floats would be 

distributed evenly, and which is adequate to derive 

mean quantities as the average heat content or 

temperature on time scales of month. This is a rather 

coarse spatial and temporal resolution, which is difficult 

to increase. The number of floats required varies 

roughly quadratically with the average horizontal 

resolution of the system and in addition, floats drift out 

of divergent regions and into convergence regions 

according to the currents, which leads to uncontrolled 

gaps in the data coverage. Floats have to be reseeded 



  

frequently in the regions of strong divergence. 

Furthermore, the original design of the Argo array 

excluded marginal seas due to technical difficulties. The 

primary reason for this is that the life expectancy of a 

float is quite short in these regions, mainly due to 

grounding and stranding. This is critical not only when 

regional and/or coastal issues are to be addressed but 

also affects the global scale. Currently, the Argo 

program concentrates on physical measurements only 

but advances in biogeochemical sensors [1] may soon 

open the array for multidisciplinary research. 

Fundamental advances in understanding the physical, 

chemical and biological functioning of the oceans have 

been achieved based on all different types of in-situ 

observations. Further progress was the combination of 

in-situ data with satellite remotely sensed data. Satellites 

provide data in exceptional high spatial resolution and 

on a global scale. However, they suffer from not being 

able to resolve the vertical structure of the ocean. In 

addition, technical problems exist for example in 

sampling ocean boundary or often signals cannot be 

interpreted due to measurement problems as occur from 

clouds or rain signatures.  

It is clear that the current state of the in-situ interior 

ocean observing system has a much lower horizontal 

resolution than the surface observations provided by 

satellites. Fortunately, the interior ocean does not 

change as quickly as the surface ocean and as such an 

as-high resolution network of in-situ observations is not 

required. However, what is required is sampling 

“critical regions” to improve seasonal forecasting [2], 

regional climate, or for applications that require better 

estimates of the currents such as security or shipping. 

What is also required is sampling a variety of different 

physical, chemical, and biological parameters to 

estimate the state of the marine ecosystem (CO2 pump, 

ecosystem management, fisheries). For these reasons 

and with the help of technological developments, new 

ocean observing platforms able to be steered remotely, 

and able to carry out continuously ocean measurements 

at high spatial and temporal resolution, have been 

developed. Gliders come from the idea [3] that a 

network of small, intelligent, and cheap observing 

platforms can fill the gaps left by the other observing 

systems. That idea was further developed at OceanObs 

in 1999 [4], when the technology was still immature, 

and this paper provides an update for what is now an 

adolescent technology, poised to make a substantial 

contribution to global ocean observing. 

3. GLIDER CAPABILITIES  

Gliders have enhanced capabilities, when compared 

with profiling floats, by providing some level of 

manoeuvrability and hence position control. The gliders 

perform saw-tooth trajectories from the surface to 

depths of 1000-1500m, along reprogrammable routes 

(using two-way communication via satellite). They 

achieve forward speeds of up to 40 km/day thanks to 

wings and rudders, and can be operated for a few 

months before they have to be recovered [5] and [6]. 

Gliders can record physical and biogeochemical 

parameters during the dives. Even passive and active 

acoustic instruments have successfully been used. At 

each surfacing, they connect to a computer on land via 

the bidirectional iridium satellite phone system in order 

to send the data they collected and receive new 

commands, if necessary (at a rate of about 30-60Kbytes 

in 5 minutes every ~4-5 hours). Gliders are postulated to 

be less susceptible to damage from fish trawling than 

moorings and hourly/daily communication by satellite 

means that if a vehicle is lost or damaged the loss of 

data can be minimized. Replacing a glider is relatively 

easy and cheap compared to other operations at sea. 

First conceived in 1986 [7], the concept of use was 

developed in 1989 [3], with the first prototype flight 

tests carried out in 1991 [8] and after a 'teenager' period 

starting around 2002, gliders are now being 

incorporated into the operational technology portfolios 

of many research institutions and agencies. It has been 

demonstrated that gliders are able to carry out high 

resolution measurements of not only physical 

(temperature and salinity as well as average velocities 

over a dive) but also biogeochemical parameters such as 

dissolved oxygen and fluorescence/optical 

backscattering at various angles and wavelengths 

(giving estimates of the Chla, Colored Dissolved 

Organic Matter, and Phycoerythrin concentrations, as 

well as the water turbidity and particle sizes). An 

example of data collected by a glider is shown in Figure 

1, but there are many other experiments reported in the 

literature [10], [11], [12], [13], [14], [15], [16] , [17], 

[18] and [19] demonstrating that gliders can cover 

transects of hundreds of km, gathering physical and a 

biogeochemical data, on a long term basis (several 

months per deployment). Gliders can even contribute to 

studies on the behaviour of whales through acoustic 



  

sensors [20]. Gliders have now a substantial track 

record, and the utility of autonomous underwater gliders 

for collecting oceanic profiles has been convincingly 

demonstrated. This includes (a) demonstrating the 

ability to fly gliders in coordinated fleets, (b) 

demonstrating   the   ability   to  fly  gliders  into  severe 

 

Figure 1: transect carried out in the central Mediterranean Sea with a shallow glider illustrating how fine scale 

processes can be resolved with gliders. A sharp front of salinity (right panel) is associated with strong currents (left 

panel) and important vertical motions are demonstrated by the sharp tongue of descending warm waters from the mixed 

layer (right lower panel). [9] 

storms/hurricanes and strong currents and (c) 

demonstrating that gliders can fly long-duration 

sections. Each of these demonstration projects was 

completed over the last 10 years. 

Figure 2 gives an example of repeat sections, operated 

over years, in the eastern Pacific [11]. Similar long 

sections exist along the coasts of the USA in the Pacific, 

and in the Atlantic [13], [17 and [21] and demonstrated 

the capacity of gliders to carry out, over many years, 

measurements of the local vertical structure of the ocean 

over 0-200m or 0-1000m from the near-shore 

environment (10-100m depth) to the open sea (hundreds 

of km offshore). Other important orders of magnitude 

about gliders are (1) the longest glider section ever done 

with one set of batteries is 6000km long [12] and (2) 

crossing very high currents, such as the Gulf Stream, is 

possible [22]. At the time of writing two gliders are on 

trans-Atlantic transects (the shallow electric Slocum 

glider RU27 from Rutgers University, and a Slocum 

thermal glider from Webb Research
1
). 

Gliders are relatively slow and that obviously raises 

some issues about whether the observations can be 

treated as synoptic: hence the question, how 

representative of the ocean state are the collected 

profiles? This problem is a major one, but it can be 

solved by increasing the number of instruments at sea  

                                                           
1
http://rucool.marine.rutgers.edu/atlantic/status_updates.

html 

http://rucool.marine.rutgers.edu/atlantic/status_updates.html
http://rucool.marine.rutgers.edu/atlantic/status_updates.html


  

Figure 2: (left panel) glider transects [0-1000m depth] between Sept. 2005 and Apr. 2009 are shown as solid lines. 

(right panel) Hovmuller diagram of the depth of the 26 kg/m3 isopycnal on lines 80 and 90. Note the tendency for 

westward propagation along line 90, especially west of the Santa Rosa Ridge (marked with a dashed line). Westward 

propagation is not readily apparent along line 80. 

(point measurements) at the same time, which is the 

float/glider philosophy. 

Figure 3 shows an example of a fleet of gliders on the 

shelf; these have altimeters on board to avoid 

grounding. Deep gliders can operate as long as the water 

depth exceeds more than 10-100m. If the water is too 

shallow, the manoeuvrability of gliders decreases due to 

the time spent at surface compared to the time spent at 

depth. This limit depends on the glider mode. A 

buoyancy pump designed to operate at less than 200m is 

faster (and allows operations in shallow coastal waters 

~10m deep) than a pump used for 1000m dives and 

requiring operations in deeper waters (>50m) in order to 

overcome the currents averaged over the dives. Other 

experiments have demonstrated that relatively small 

fleets (5-15 gliders) can be deployed for extended 

periods in the same area (at coastal and regional scales) 

in the Atlantic, in the Pacific, and in the Mediterranean 

[13], [23], [24] and [25].  

Considering the oceanic variability measured so far, a 

relatively small number of gliders already helps 

characterize the deep variability. Most of the interior 

oceanic waves have scales on the order of the radius of 

deformation (2*pi*10-100km) and propagate at less 

than 10cm/s, which means that the ocean is changing 

only slowly. Having a speed of ~30-40km/day 

horizontally, gliders are perfectly suited to sample 

oceanic features and eddies that propagate slower; 

Doppler effects are not problematic since the speed of 

the platform is known. With the exception of western 

boundary currents, oceanic currents generally do not 

exceed the gliders‟ speed. Even in such strong currents, 

there is still some manoeuvrability, because the glider 

route, or list of waypoints, is reprogrammable. One can 

fly gliders perpendicular to the measured currents to 

'escape' the area characterized by strong currents, or one 

can keep heading constant (the targeted waypoint is at 

an 'infinite' distance) during the next cycles to 'ignore' 

oscillatory circulations. This can be very useful if there 

are strong tidal currents. Gliders can use the last average 

current measured, or even predict tidal currents 

internally with a Kalman filter, to improve their dead-

reckoning navigation, and adjust their heading 

accordingly during the next dive [5].  

Since gliders are active (remotely steerable), they can 

cover a wide range of missions and complex sampling 

strategies. Numerous possibilities have been 

demonstrated, for example: virtual mooring (Eulerian 

sampling by collecting profiles at a tightly controlled 

location) or quasi-Lagrangian (profiling following the 

currents, i.e. behave like a profiling float until 

manoeuvrability is necessary).  

There are many possible configurations especially when 

one consider several gliders working together. Gliders 

bring new capacity to many types of studies - 

persistence is key when considering glider sampling. 

They could be commanded individually to stay in a 

region for a while (around a mooring array for instance 

[15] and [26], or to follow an oceanic feature (a front or 

an eddy, [17], [18] and [27] or even living beings like 

penguins. Glider tracks can be subject to constraints, for 

example optimizing a mapping skill [28] or keeping the 

same distance between all the gliders in a fleet, or flying 

gliders almost perpendicular to the oceanic average 

currents they measure (to get better gradients and 

overcome strong currents), or towards relative 

extrema/singularities in the measured fields (such as 

latitude and longitude of minima, maxima, or saddle 

points, at particular depths). Robust algorithms to 

perform such piloting have already been tested at sea 

[29 and 30] and tools to adapt the waypoints list using 

the environment sensed by satellite have been 

developed to optimize the glider speed [31 and 32]. 



  

It is now clear that gliders can be combined into 

networks of small and intelligent platforms that are able 

to fill the gaps left by other observing platforms by 

delivering high resolution and near real-time in situ 

observations of physical and biogeochemical properties 

along their paths. The utilization of glider technology 

will allow us to reach a level of coverage and accuracy 

never reached before in ocean monitoring for such 

parameters. Glider deployments in concert with other 

observing networks (satellites, ships, floats, moorings) 

can significantly enhance the ocean observing 

capabilities for the upper 1-1.5km of the ocean [33]. 

The goal could even be to map the characteristics at 

deep levels with a (sub)mesoscale resolution (certainly 

for a limited number of areas in the world) with as much 

impact on the quality of the estimate of the ocean state 

as satellite data. Locating the depths with the highest 

gradients of various parameters (e.g. the thermocline, 

pycnocline, nutricline, subsurface maxima and minima, 

the mixed layer depth, as well as various isopycnals, 

isotherms, isohalines that separate different water 

masses) are prerequisites to get a good ocean state 

estimate. Many additional variables come into play for 

ocean biogeochemistry. We need to know the 

subsurface chlorophyll distribution (maximum, depth 

and horizontal extent), the characteristics of the oxygen 

minimum zones, as well as the turbidity of the water. 

These are important aspects to consider if one wants to 

satisfy the needs for the societal applications that are not 

covered by the existing, predominantly physical, 

observing system. 

Figure 3: 6 gliders deployed at the same time in 2006, enabling a 3D view of temperature and salinity on the shelf of 

New Jersey (Courtesy of Rutgers University) 



  

Gliders open wide perspectives but there are some 

disadvantages and logistical constraints with the use of 

gliders that one must consider. Currently, the endurance 

of 3-7 months limits the dreams. The maximum 

endurance ever reached up to now is 8 months in the 

water [12], and 10 months of endurance is likely. This 

of course strongly depends on the kind of glider, its 

speed, and scientific payload. Even if technological 

developments could help to increase that endurance, 

there will always be problems related to corrosion, bio-

fouling, sharks, collisions with ships, etc. We do not 

foresee an increase of glider endurance by an order of 

magnitude in the coming decade. The constraints are not 

only endurance but also local support expertise and 

logistics. Gliders are complex systems that can be in 

operation for years but need to be serviced between 

deployments by highly proficient marine engineers and 

technicians. Periodic maintenances include exchange of 

the batteries, calibration of sensors, updating the hard- 

and soft-ware. This task is technologically demanding 

and requires expert people and dedicated devices (e.g. 

pressure and calibration tanks) that are already 

available, but only in a few places. 

4. OBSERVING AND MODELLING  

Major impact will come from the increased accuracy of 

oceanic models (physical and biogeochemical) 

synthesizing all observations. Meteorology gives a good 

example but the deformation radius in the ocean is 

much smaller and time scales much longer and  so, a 

specific approach has to be developed. A reference case 

is now a number of operational systems that run, 

generally on a daily to weekly basis, to analyse or 

forecast the state of the ocean. Every day or so, they can 

assimilate profiles from floats, CTDs (Conductivity-

Temperature-Depth), XBTs (Expendable 

Bathythermograph), gliders, moorings and derive 

nowcasts and forecasts of the physical state of the ocean 

at a horizontal resolution of about 1-50km, on regional 

or global scales, with a time-step of minutes, hours or 

days. The products are strongly dependant on (1) all 

profiles acquired until now (climatologies/initial 

conditions), and (2) a number of 'weighted' 

contemporary vertical profiles selected with a criteria 

based on the model capabilities, in order to be 

assimilated. Models for biogeochemical cycles using the 

computed physical environment as a variable can 

already provide an estimate of the marine ecosystem, 

and the assimilation of biogeochemical data is work in 

progress towards a “green” ocean forecasting system 

[34].  

4.1. From global to regional scale and reciprocally 

The coverage (with associated spatial and temporal 

resolutions) of the in situ observing system is a limiting 

factor, and up to now most of the in situ data assimilated 

in ocean models are T/S (Temperature/Salinity) profiles 

from the Argo project, which has provided a real jump 

in the coverage of the ocean with in situ observations. 

Together with satellite information, the Argo profiles 

can characterize only the relatively low-frequency and 

large scale processes. The finer scale processes (also 

present in the profile data) are attributed either to 

“noise” that the model cannot represent, or to 

representativeness errors. A resolution of 300km and 

10-days is sufficient for a number of purposes related to 

the global oceanic heat and salt content and variability, 

as well as large-scale transports, at seasonal to decadal 

scales (the objectives of Argo). However, we really 

need better data coverage at relatively small (even 

meso- and submeso-) scale to constrain models. This is 

particularly critical for areas at the regional/coastal scale 

that are important for the physical and biogeochemical 

functioning of the ocean at global scale [35] and [36]. 

Divergence zones and the boundary currents near the 

continental slope or steep topographic features are 

problematic. Floats never stay long in such areas, often 

characterized by energetic currents, or run aground if 

they drift too close to the coast. This is a problem, since 

these regions have a significant impact on the global 

state of the ocean. For instance, Mariano et al. [37] 

found that a modelled Gulf Stream could be strongly 

altered by introducing small and fluctuating boundary 

conditions. This would mean that a better 

characterization of the flow near the boundaries could 

correct a model on the large scale, through data 

assimilation, and increase its capacity to 

represent/predict the ocean. 

For such reasons, regional/coastal observing and 

forecasting systems have been developed (e.g. ECOFS - 

European Coastal Observing and Forecasting Systems). 

Nowadays, a solution could come from coastal/regional 

models nested into more global ones and 'fed' by 

convenient real-time data. There is the potential for a 

two-way feedback between the two nested models, the 

coarse-resolution (global) model providing boundary 

conditions for the high-resolution regional model, and 

the regional model providing feedbacks to the coarse-

resolution model. However, not only the good, wanted, 

information but also errors propagate through the 

boundaries and there is a strong need for data that can 

constrain both global and regional models for all 

possible applications.  

4.2. Glider data for operational oceanography 

At the moment, the assimilation of glider data is already 

operational for T-S, in regional (Mediterranean/MFS 

(Mediterranean Forecasting System; Pacific/NCOM 

(NRL (Naval Research Laboratory) Coastal Ocean 

Model) or even global (North Atlantic/MERCATOR) 

models. The gliders provide profiles to Data Centres in 



  

real-time. The glider profiles are treated like profiles 

from profiling floats or ships. An important point is that 

the number of the glider profiles (among those 

available) used in the data assimilation process is 

dependant on the model's capability (mainly horizontal 

resolution) in representing oceanic processes. The 

example of the assimilation of data from the glider 

spray004 (deployed in the North Eastern Atlantic) by 

MERCATOR [26] illustrates the glider data usage at 

global scale. In the framework of AOSN (Autonomous 

Ocean Sampling Network) and MFSTEP 

(regional/coastal scale models) relatively more data 

from the deployed gliders could be assimilated [38 and 

39], because these models are able to resolve finer 

scales. 

The basic numbers for one single glider repeat-section 

of about 300km length (from a coast towards the basin 

interior, for instance, for easy maintenance), are around 

50 (250) profiles down to 1000m (200m) depth carried 

out along this section over 10 days. This section can be 

repeated multiple times. Global and regional operational 

models would have different usage of these glider 

profiles. The global model would likely use very few of 

the collected profiles, the ones that are the most 

convenient for the model. Because 10 days is about 

~300km of glider travel, which is also the „Argo‟ scale, 

a global model would likely, use only 2 profiles, the 

ones that are the furthest from each other in time-space. 

In contrast, the regional model will use most of them 

because it is able to resolve much finer-scale processes. 

Here, the key aspect is the focus on the glider data that 

is possible with the model, which assimilates those data.  

The repetitiveness of measurements over sections of 

300km length (and carried out in ~10-days) seems to 

really help regional models to adjust their state [39] 

eliminating phase shifts between the ocean estimate and 

the real circulation and resulting in a better consistency 

with patterns in some of the external (atmospheric) 

forcing. The assimilation of average velocities measured 

by gliders is envisioned in the same way, as it can be 

done now for the profiling floats trajectories [40]. A 

much better accuracy for the ocean state estimates could 

be expected as current data provides the model with 

some information on the horizontal gradients and 

curvatures along the glider and float trajectories because 

of the geostrophic balance and that combines well with 

the information from the vertical profiles. 

5. IMPLEMENTATION FOR GLOBAL OR 

BASIN SCALE 

5.1. Data flow 

The first and essential step towards a glider component 

of a global/basin scale observing system is to ensure the 

collected data by gliders are disseminated to the 

oceanographic community and in particular to the 

operational models via data centres including Quality 

Control procedures.  

A glider profile consists in the data collected between 

the surface and maximum depth reached by the glider 

during descent and/or ascent. The glide angle (typically 

17-26˚) being much steeper than oceanic slopes, a glider 

profile can be considered as vertical and the accuracy of 

GPS fixes during surfacing allows one to locate glider 

profiles with an accuracy of less a kilometre. The 

accuracy specifications for T-S measurements are the 

same as for profiling floats. Nowadays, glider profiles 

transmitted in real-time to the Coriolis Data Center are 

considered like any other profile. The quality control for 

glider data is the same as for CTD/XBT/Argo and is 

mainly based on: 

 - flag T and S outliers, based on historical data and 

density inversions; 

 - visual inspection. 

Comparisons with classical ship profiles at the 

deployment and/or recovery help increase the accuracy. 

Thermal lag correction is an important issue in 

autonomous vehicles and a new technique has been 

developed for gliders [41], which considerably reduces 

the errors in the estimation of salinity from CTD 

sensors.  

New quality control methodologies need to be applied 

to the other glider data. The quality control and 

calibration procedures for other parameters (oxygen, 

fluorescence, backscatter, turbidity, etc.) are now being 

defined, as there is a need for standards and procedures 

for data other than temperature and salinity, and for 

platforms other than gliders. This problem is also raised 

by some profiling floats, as they already measure 

oxygen. Developing quality control procedures for such 

biogeochemical parameters is envisioned for the future 

[1], for both gliders and profiling floats. 

Enhancing the data usage of glider data in operational 

and research application will be possible if an easy 

access to glider data is organized at the international 

level. Based on the Argo experience for profilers, and 

the European EGO initiative for gliders, a global portal 

to glider data, processed at national or institutional 

level, quality controlled using homogeneous procedures 

and freely accessible from a single point in a unique 

format with a good set of meta data would really move 

gliders from a research platform to an important 

component of the global ocean observing system. 

Meta data, such as the vehicle name, unique identifier 

(maybe WMO ID (World Meteorological Organization 

International Identifier) deployment name, principal 

investigator, project, sensors on board, 

waypoints/heading, angle of ascent/descent, target 



  

maximum depth, target minimum depth, target altitude 

above ocean bottom, time at surface, current correction, 

or underwater estimated positions are also essential 

information for a database at global scale.  

We all agree to have the same data policy for global use 

similar to the Argo float data management policy. 

Through this approach, any glider deployed with a 

given observing strategy even if in a regional context, 

can contribute to ocean observations at the global scale. 

This could also help with the legal issues raised by 

gliders [42], which are similar to the ones raised by the 

operation of profiling floats. This is starting to be 

discussed in the framework of UNCLOS (United 

Nations Convention on Law of the Sea). 

5.2. Logistical constraints  

The goal is to deploy 'ready-to-go' gliders but 

operational deployments without external support 

(manufacturer or another expert glider team) are not yet 

really feasible. We anticipate that this situation will 

change rapidly (within the next few years) and also that 

more experienced people with gliders will be scattered 

around the world. We would recommend that one of the 

main objectives for an implementation plan would be to 

facilitate the establishment of worldwide technical and 

organisational capabilities to deploy, control, and 

maintain gliders in operational conditions, with 

capacity-building actions like exchange programs for 

scientists, engineers, and technicians (including 

students). Here, a key point is training of personal and 

the coordination of standards between glider centres. 

Sustained deployments at global scale could be done 

even from small (rubber) boats near the shore when 

there is an access to a local support base. Elsewhere, 

phasing in glider experiments with research vessels is 

necessary. Those that are not likely to have the ship 

back in the same region every 3-7 months or so should 

be careful to keep their gliders relatively close to a 

harbour where small boats could be chartered for either 

deployment or recovery. However, the range of gliders 

is 2000-5000km (2300km in 3 months at the average 

horizontal speed of ~25cm/s including the platform 

horizontal speed relative to water ~30-40cm/s and 

average currents over the dives). This already allows 

gliders to cover almost the whole ocean when deployed 

from the coast. For instance, there is about 800km 

between the north and south in the Mediterranean, 1300 

km between Newfoundland and Greenland, 1500 km 

between Norway and Greenland, 2000 km between 

Greenland and UK, 1000km between USA and 

Bermuda, 2500 km between Europe and Canary Islands 

or Azores, 2800 km between Africa and South America, 

the Drake passage is 1000km wide, etc. 

5.3. Technological developments 

Currently, there is perhaps about a 10% probability of 

loss of gliders on each mission of a few months. 

Currently it is feasible that almost all gliders could be 

maintained at relatively low cost. The oldest known 

glider is now ~5 years old and still running. The 

technology is generally robust and applications are 

broadening with developing technologies. Figure 4a 

shows an example of gliders being used in combination 

with mooring to perform underwater positioning [45]. 

The Davis Strait program has conducted multi-month 

missions successfully, complete with acoustic 

navigation, going back and forth under sea ice in the 

winter. New technologies can be: a) data acoustic 

telemetry considered in [46] b) combining gliders with 

facilities connected to sea-floor cables, resulting in 

undersea docking sites c) more efficient batteries (or 

even miniature fuel cells) or d) glider hardware (such as 

the thermal buoyancy engine harvesting energy from the 

ocean temperature gradients), can allow even more 

networking, more sensors to be included, and/or an 

increase the glider speed and range. In addition, the 

development of composite hulls (with a compressibility 

close to that of seawater) has been done for 1000m 

gliders and is work in progress for deeper gliders. 

Gliders able to dive to 6000m depth are being 

developed [47] and open wide perspectives since 98% 

of the ocean is less than 6000m deep. A first version has 

operated to over 2700 m depth. Its pressure hull recently 

was tested successfully to ~6500dbar pressure. 

Projections of mission endurance and range for this 

vehicle suggest missions 18 months long covering 

10,000 km through the water while diving continuously 

to 6000 m. The concept of expendable gliders should 

also be considered (one-use only, avoid recovery), since 

at some point in their lives they are likely to be lost. 

This loss is because of the inherent risks in the marine 

environment (e.g. corrosion, biofouling, maritime 

traffic, animals) and also from ageing and fatigue. 

In terms of scientific payload, a glider will not be able 

to carry all possible sensors on board. Its payload 

capacity is limited (size, weight, power and energy 

consumption) but using several gliders with different 

payloads could partially overcome this problem. The 

present development of various smaller, and smarter, 

sensors for gliders is very promising. In addition to the 

already accessible parameters, direct current 

measurements (by a small ADCP (Acoustic Doppler 

Current Profilers)) and dissolved nitrate [48] which are 

not yet practical with gliders, will be available soon.  

5.4. Navigation 

At the moment, one single glider requires a group of a 

few people to steer it day and night, and the same group 

can certainly perform well for a small fleet. However, 



  

Figure 4: a) Example of the Davis Strait glider experiment [43]. b) Example of floats followed by 4 Seagliders [44]. 

These heavily instrumented Lagrangian Mixed Layer float were deployed to define a drifting reference frame and the 

gliders were use to characterize the 3D evolution around this 'water parcel'. An intensive process cruise provided 

critical data for this study. Trajectories of floats (triangles) and gliders (red, blue, green, cyan). 

there is a limit, which is the number of devices a human 

being can control at the same time. At the moment, 

about 20 gliders are flying at any one time in the world's 

ocean, with missions managed by ~4-6 different teams 

at the same time and sampling about ~4-8 different 

areas. No doubt, this global glider capacity will increase 

rapidly in the coming years.  

The development of software and Internet tools to steer 

swarms of gliders is one major innovation that will help 

to generalize the use of gliders. Another crucial aspect is 

to increase the number of “glider-ports” where gliders 

could be (1) deployed/recovered, (2) partly or fully 

refurbished, and/or (3) piloted. These developments will 

have to be based on networking, on efficient man-

machine interfaces, tools from artificial intelligence, and 

drawing upon at-sea experience in order to be useful. 

Gliders are autonomous but relatively simple robots. 

There could certainly be more intelligence in gliders. It 

is limited by the platform itself because gliders need 

small and low-power hardware. On the other hand, this 

can be insured by a supervisor on land and transferred in 

an  asynchronous  way  to  the  gliders  over  the 

satellite communication link. The supervisor is 

generally a number of people, organized in shifts, who 

make  decisions  regarding  waypoints  and action items. 

Because human capacities are limited, it is very 

attractive to design a machine that helps to control fleets 

of gliders. Adaptive sampling opens new and wide 

perspectives but this can only be achieved with better 

communication and information systems, allowing 

better navigation. We would need automated systems 

that are able to easily generate a (large) number of 

individual commands and appropriate reactions for a 

network of gliders of various types, when given a 

specific sampling objective. Such a system also needs to 

interpret individual gliders performance indicators (for 

example the rate of discharge of batteries and 
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malfunctions in hardware). Providing timely 

information to the glider pilot about weather forecasts, 

ocean model outputs (currents and other parameters), 

satellites images, positions and profiles of other moving 

platforms (like the positions of floats or gliders 

presented in Fig. 4b, but also ships) is necessary to fly 

gliders in well defined contexts and consequently, more 

efficiently. Many problems cannot be approached solely 

with autonomous platforms but several groups have 

demonstrated that gliders can be piloted with high 

manoeuvrability and quick responses, if relevant 

information is available. 

Because in-situ observing systems composed of fixed or 

moving platforms are inherently dependent on the 

positions of the platforms, the main problem is to find 

the optimal topology for gliders networks (the 'elastic' 

component) in relation to the gaps in pre-existing 

networks (in-situ and satellites). This depends, 

obviously, on the objectives of the networks in terms of 

spatial and temporal resolution, the nature and 

variability of the parameters to be monitored as well as 

on the estimate of the ocean state used for the decision. 

An evolution of a glider fleet in terms of data coverage 

could even be dictated by the model needs in real-time, 

through error maps. Documenting the impact of such 

observing systems (designed with a specific objective) 

beforehand is possible, generally with scale 

considerations or if too complex, via simulations [49] 

and Observing System Simulation Experiments 

(OSSEs) as it is done for other components of the 

observing system in the framework of GOOS [50]. 

Here, physical parameters (temperature, salinity, 

currents), as well as all the biological proxies collected 

through the various optical sensors that can be carried 

on gliders, must be considered. 

6. GLIDING IN THE COMING DECADE 

Gliders are able to monitor key regions in the world 

where one needs a collection of data that is more 

systematic or provides a higher resolution than presently 

available. Gliders can collect biogeochemical data as 

effectively as the profiling floats equipped with bio-

optical sensors [1]  and [51] that are being deployed for 

a “green” global observing system. As one can now 

focus on the water column, intercomparison with 

satellite optical products looks very promising for the 

assessment of whole ecosystems evolving in a changing 

environment. At the moment, a number of projects with 

gliders emerge with objectives related to these issues. 

Using gliders in concert with other platforms can really 

provide much more complete spatial and temporal 

coverage for ocean observation with benefits to 

scientists and end-users including policy makers. 

6.1. Assessing the variability around long-term time 

series sites  

We recommend gliders be used between moorings in 

order to enhance the capabilities of the two observing 

systems. The idea is to complement ocean observation 

sites [46] in order to better take the pulse of the ocean. 

The objective is to evaluate the scales of correlation of 

these fixed-point measurements and to assess the 

significance of the signals at these locations with respect 

to a whole area. In addition, it is planned to use gliders 

in the mix of technologies deployed for the near real 

time acquisition of deep long-term time series. Gliders 

could be used as messengers between deep instruments 

and the surface, acoustic telemetry allowing a near real 

time data collection that could hardly be possible 

otherwise (as one would need a surface buoy which is 

difficult to maintain or one would need a connection to 

sea-floor cables which are very expensive to install). A 

number of sites could be enhanced with gliders 

operating routinely. Deployments and recoveries of 

gliders around the moorings are possible during the time 

of the cruises needed for routine maintenance of the 

moorings but they are usually maintained during cruises 

on an annual basis and that hardly fits with the glider 

endurance. An alternative is to consider deployments 

an/or  recoveries from the shore which is possible for 

mooring sites situated at less than ~1000km from a 

coast.  

6.2. Plans for global and sustained glider 

observations at regional scale 

At global scale, glider profiles would be used in an 

analogous way to Argo profiles but always maintained 

in 'regions'. It has been stressed that gliders could 

complement the present array, by steering gliders where 

floats, animals, and ships do not go (the coastal and 

regional seas are badly covered by the present array), or 

even use them for cross-calibration (meeting points).  

Demonstrations with gliders have been made in coastal 

environments, in extreme weather conditions and in 

various places, even in the worst ones for marine 

equipment such as deep water formation sites and high 

latitudes (Labrador Sea, Mediterranean Sea, Greenland 

Sea, Arctic and Southern Oceans), but also in the 

West/East North-Atlantic (New Jersey, Florida, 

Irminger Sea, Porcupine Sea Bight, Gascogne, Faroe 

Bank Overflows, Iceland Basin, Davis Strait Norwegian 

Sea, the North Sea, the Baltic Sea),  and in the 

West/East Pacific. (Kuroshio, Gulf of Alaska, 

Philippines, Hawaii, Washington, Oregon, California, 

Peru, Chile). The first results are outstanding, and there 

is a general agreement that sustained glider observations 

(via repeat-sections) at such regional scale would be 

appropriate for monitoring such regions, because gliders 

are able to scan a wide range of oceanic features. 



  

Meanwhile, glider-ports or glider centres emerge in 

Australia, Canada, Europe, and the USA with the task of 

maintaining fleets of gliders in operations for such 

monitoring. 

Research projects with gliders focus at the moment on 

the North and Equatorial Atlantic, the Pacific 

(south/north/west/east), the Mediterranean Sea, the 

Nordic Seas, the Solomon Sea, the Arctic, and the 

Antarctic. It is already a very valuable contribution to 

the global observing system by scanning as much as 

possible these regional seas, which can be very 

important for the global ocean and climate [52] and 

which are also highly sensitive to global change [53] but 

generally, solutions to sustain glider operations still 

have to be found. 

Efforts to perform sustained observations with gliders 

are performed in many countries. In Australia, the 

establishment of Integrated Marine Observation System 

(IMOS) has resulted in deployments of the gliders 

around Australia through the Australian National 

Facility for Ocean Gliders (ANFOG) operating from the 

University of Western Australia. The goal is to provide 

a near-real time data stream from the continental shelf 

and slope waters around Australia. In particular, the 

gliders sample the main boundary current systems 

around Australia. These observations will be extended 

to include regions of the Southern Ocean to the south of 

Tasmania, and the Coral Sea between Great Barrier 

Reef and Papua New Guinea. 

In Europe, Glider facilities in Cyprus, France (MOOSE 

(Mediterranean Ocean Observing System on 

Environment), and Spain (OceanBIT (BIT for Balearic 

Islands Technologies)) are being set up to operate >10 

glider tracks in the Mediterranean Sea [54]. Other 

European seas (Nordic Seas, Faroes, Irminger Sea) are 

concerned by glider initiatives in Germany, France, 

Norway, Spain and UK. Sampling more remote study 

areas induce some limitations in terms of logistics but 

through frameworks of collaborative process studies and 

research cruises, building on strong international 

partnerships, such as in the South-East Pacific (Peru) 

and in the tropical Atlantic (Cape Verde), glider 

observations are feasible in these areas of strong 

upwelling. 

In the USA, there is a glider component in the Ocean 

Observing Initiative (OOI) for sites like Ocean Station 

PAPA, the Irminger Sea, the Argentine Basin, and off 

Chile. Each will have 3 gliders flying around the 

observatory [55]. There will also be 6 gliders each off 

the U.S. Pacific Northwest and the U.S. Middle Atlantic 

Bight as part of the coastal OOI effort. Gliders are 

already being deployed as part of the U.S. Integrated 

Ocean Observing System (IOOS) at various places 

along the western and eastern coasts of the USA and 

sustained glider deployments are carried out in the 

Solomon Sea. There are plans for operating gliders in 

the Gulf of Mexico and the Caribbean Sea as well as the 

Western Atlantic northeast of Brazil. These plans aim to 

Figure 5: World map. Boxes of 1000kmx1000km showing regions that could be intensively sampled with gliders within 

the next 10 years. Gliders have been already deployed at least once in black boxes. The red boxes suggest a possible 

extension of this array considering the numerous glider projects today. 



  

improve estimates of the heat content of the upper 

ocean, forecasts of the intensity of hurricanes and the 

understanding of the regional system (including 

resources). The observations in the Gulf of Mexico and 

the Caribbean Sea are also useful in the context of plans 

for the Intra America Seas, which study interactions 

between the western hemisphere warm pool and 

weather and climate patterns.  

Over time, the resulting glider array shown in Fig. 5 

should be expanded into all regions where no regular 

observations of the upper 1000 to 1500m are collected 

by profiling floats or other means that are very 

important for the global hydrography, circulation and 

biogeochemistry. This expansion will need to include: 

 The sites of formation of deep and intermediate 

water, so important for the functioning of the ocean 

but poorly covered by floats and where important 

spring blooms occur during restratification; 

 The boundary circulations. The western boundary 

region is generally very energetic and is critical for 

weather forecast [56]. Such regions are of large 

interest for the formation and intensification of 

tropical cyclones [57]. Also, collecting profiles in 

these regions will improve the estimates of the 

global ocean heat content significantly. The eastern 

boundary currents are very productive areas due to 

upwelling (Peru-Chile, African, etc.). Monitoring 

them is important for fisheries; 

 A number of biogeochemical provinces, frontal 

areas, and persistent circulations, to better 

characterize the ocean circulation and the 

functioning of the marine ecosystem; 

 The coastal area for cross-slope exchanges (link 

between the coastal environment and the open sea) 

and  societal applications; 

 The straits, which are suitable to put constraints on 

transports (overflows regions). 

6.3. Costs 

Presently, gliders cost about 100,000$/Euro per unit to 

purchase, with running costs of about 5,000$/Euro per 

unit per month (communications ~2,000$/Euro per 

month, consumables, and other costs). Then, one has to 

include shipping costs and staff for a deployment of 

several months. Gliders require an expert team for the 

deployment/recovery and steering (one or several 

gliders), these are constraints to be taken into account 

when considering an expansion of glider activity. For 

such an expansion, the question is how many sustained 

glider campaigns or “repeat-section” (comprising a team 

of people and 2-4 instruments to cycle through use and 

maintenance) could we envision and afford? 

Considering staff cost, the total effort for the scientific 

teams involved might be equivalent to deploy order of 

10-50 additional profiling floats in the global system, 

including analysis of the data. However, this is really 

hard to estimate because of all uncertainties related to 

such activity; furthermore, one should also consider the 

required resources for maintenance and procurement.  

Over 5 years, a glider repeat-section action with 

physical and biogeochemical sensors is certainly 

possible with 2-4 gliders (100,000$/euro per unit, with a 

likely loss of ~2 gliders out of the ~20 successive 

required deployments) and incurring about 60,000$/euro 

per year for communications/repairs and 10,000$/euro 

(on average) per year for shipping/travel. This is about 

650,000$/euro for a single, but sustained glider repeat-

section during 5 years. However, this cost could soon 

decrease as the glider production increases and 

economies of scale may be realised.  

On a per profile basis, gliders are about as expensive 

than Argo floats. If we include 5 person-years in that 

budget (+300,000$/euro), the cost for one profile is 

about 100$/euro (including biogeochemical 

parameters). Gliders do acquire a lot of profiles. Over 5 

years a sustained glider section would have provided 

about 9125 profiles to 1000m depth (5 profiles per day). 

Compare this with 150 profiles for one float (at 

15,000$/euro for physical parameters only) requiring 

about ~0.1 person-years (5 person-years for 50 floats) 

giving about the same estimate of ~100$/euro per 

profile.  

Sustained glider operation certainly requires more staff 

resource than 1 person per glider section, if not split in 

several operations. Here, we have assumed that a team 

of 3-5 persons (a critical size for the team) can manage 

to sustain 3-5 gliders sections with that budget of 

650,000$/Euro per line over 5 years. Each glider line 

would represent an equivalent effort of ~15-45 floats 

(where the expected lifetime is 5 years) but note this 

glider/float ratio could decrease significantly, as the cost 

per unit for floats would increase with additional 

sensors for biogeochemical applications.  

The glider community would like to use this technology 

to optimize the data coverage of the present global 

observing system. This requires about 100 people 

therefore about 20 sustained gliders projects within the 

next 5 years is feasible. As a community, a consensus 

should be reached to use gliders in about 20 important 

areas to contribute observations for the global 

functioning of the ocean (in regional seas, 

western/eastern boundary currents, and through 

OceanSITES (OCEAN Sustained Interdisciplinary Time 

series Environment observation System)). On this basis 

a rough estimate of the resources required for gliders at 



  

global scale would be about 13 million $/euro for 5 

years. 

7. THE WAY FORWARD  

The practical aspect of glider deployments/recoveries is 

a major problem and in this section, we tackle few - 

perhaps exaggerated - ideas on how additional gliders 

could be deployed. 

7.1. From one research vessel to the other (or to 

shore)  

Among the next glider experiments, some will 

concentrate on fine scale phenomena and process 

studies. There are some plans in Europe to make gliders 

'swarm' experiments in the Alboran Sea (Mediterranean) 

and in the Tropical Atlantic in 2010. A single glider 

carrying out a survey around, aside, and/or in-between 

shipborne profiles, could provide in real time good 

estimates of the variability in the area of interest of the 

cruise over scales ranging from few km to hundreds of 

km. The goal of such 'swarm' experiments is to reach a 

level of accuracy never reached before for the 

estimation of the distribution of physical and 

biogeochemical properties over 0-1000m and a few 

hundreds km horizontally. This does not immediately 

appear in the scope of a global observing system, but 

such an approach could benefit the global ocean 

observing system, if done in a systematic or manner 

over a number of cruises. 

Why not deploy gliders between different ships whose 

schedules and intensions are known well in advance? 

Could we systematically arrange the ships tracks in such 

a way they are distant by about 2000km with 3 months 

between them? Such an approach would make relays 

possible. There is more flexibility than one would 

expect, as during long transit times small detour is 

possible at low cost, and only few people on-board for 

few hours would be necessary. For example, research 

vessels criss-cross many parts of the ocean to do 

targeted projects or to service moorings. These cruises 

could also be used to deploy (and recover) gliders. 

7.2. Glider sections from the shore to ~100-1000km 

offshore 

Repeating a section perpendicular to the isobaths from 

the coast is relatively easy and provides a number of 

profiles (from coastal to open sea) that are situated in 

important areas (for which one would need the most 

accurate estimates of the circulation and ecosystems). 

Any place in the ocean is less than 2700km from land 

and if deployed worldwide at less than 1000km apart 

from each other, that could really be consistent with an 

observing network at Argo scale (300km/10 days), if 

ones just thinks of glider sections split into segments 

with a length of about 300km (each completed in ~10 

days) with ~50/250 profiles distributed along the track, 

one can compare with Argo sampling in order to get an 

idea of the impact of such an initiative.  

The concept of such endurance lines has been 

demonstrated, and should be developed wherever 

possible from the shelf environment to the open sea. In 

addition to 'small' scale information for regional 

forecasting models, gliders could then also provide a 

number of 'good' profiles at the boundaries between 

nested models, in order to be shared by regional and 

global models. That will likely help both of them to 

assess their budgets of mass, momentum, and fluxes of 

properties through these boundaries and make the link 

between coastal/regional and global observations.  

The efforts for global observations with gliders should 

focus on choosing locations of such sections (~300km 

long individually). Easy access to a glider-port is 

critical, but the sections should not be too close to each 

other, in order to maximize the space/time coverage, 

when taken together with the other global observing 

components. If one considers 120000km of smoothed 

coast (or shelf break) for the earth (~3 times the earth's 

circumference), about 800 gliders (which is not so 

unrealistic!) would ensure that the boundary circulations 

and ecosystems would be sampled at much better 

resolution than the 'Argo scale'. 

7.3. The world tour by steps of 2000-6000km  

Here we consider a glider array similar to WOCE 

(World Ocean Circulation Experiment) for the first 

1000m of the upper ocean only, but repeated much more 

often. We would take advantage of coasts and islands 

and the global distribution of institutions and 

laboratories. Gliders could be deployed along 

transoceanic sections from one glider-port to the other 

(this would avoid the need for the glider to navigate the 

way back to its deployment location with the same 

batteries, which divides by two the possible range from 

the coast).  

We have seen that the endurance and range of gliders 

can allow them to cross almost all the oceans in a few of 

months. Possible orders of magnitude (with some 

safety) are ~3-8 months to complete a section of 2000-

6000km length. Several gliders following each other 

along such a section would make much better sampling: 

two gliders would consequently make a repeat rate of 

1.5-2.5 months, for three gliders the repeat rate is 0.5-1 

month and so on. This approach is robust because it 

odes not cause big problems if one glider fails, since 5-

10 gliders have the same role: the overall mission would 

be completed.  

In fact, trans-Atlantic glider shipping costs around 

2,000$/euro (2% of the cost of the platform) hence the 

return via classical shipping lines could be envisaged 



  

seriously. However, it can take more time than one 

would expect – perhaps months when troubles with 

customs occur. That require additional gliders in a fleet 

(but ones that are not at sea!) to provide a buffer for 

such delays. It would be better if the gliders were 

serviced where they can be recovered and sent back 

from there, or sent to another place, flying through the 

ocean. We could even dream of a glider world tour, one 

single glider completing it, step-by-step (i.e. about 

40,000km with multiple deployments in about 3 years). 

For these reasons, further developments should 

encompass logistical support between laboratories to 

share refurbishments and spares, and even to exchange 

whole glider systems in a legally secure way for the 

benefit of a global ocean observing system. Managing 

the same repeat-section by two small teams from each 

part of a basin is easier since it requires locally less 

manpower as minimal infrastructures are provides at 

each end. 

8. CONCLUSION 

We really are about to enter into a new era in 

oceanography with gliders providing many 

contributions to sustained ocean observations in the 

coming decade. We are mainly limited by our 

imagination and available funding. Anticipated 

advances in biogeochemical sensors, payload capacity, 

battery duration, and ease-of-use will expand our ability 

to use gliders to monitor the physical and 

biogeochemical state of regional seas and boundary 

current systems (and marine protected areas, in 

particular), to understand responses and links to climate 

variability. High-resolution physical and bio-

geochemical data in these regions from gliders in 

combination with the other components of the global 

observing system, will, without any doubt, allow us to 

fulfill far more objectives related to societal aspects 

(including marine security and “green” objectives) than 

is possible today. We anticipate that the glider 

component, which has relevance to process studies and 

monitoring, will be used actively, and in many places in 

the next decade will start to fill the gaps and to optimize 

the global network for the benefit for all observing and 

forecasting systems -global and regional/coastal ones- 

and all related applications.  

In this context, we would strongly recommend for the 

next 10 years:  

1. the formation of the global glider system as an 

extension of the present global observing system; 

2. the adoption of standards and a “ARGO” like data 

system for gliders; 

3. the target of about 20 standard section in 

continuous occupation;  

4. the setup of a network of shared resources and 

expertise; in order to: 

5. distinguish between climate and process and NWP 

(National Weather Prediction) objectives; 

6. establish the adoption of a common and accessible 

portal for glider data. 
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