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Glossary

Ocean observatory A collection of platforms that col-
lect data over a range of spatial and temporal scales.

Definition of the Subject and Its Importance

Ocean observatories are collections of networks of sen-
sors that are deployed to sample the ocean physics,
chemistry, and biology. The goal of these networks is
to overcome chronic undersampling of the oceans by
providing sustained measurements in space and time.
The data collected by these networks are used to
address a range of basic and applied research questions,
hindered by a lack of data. The ocean observatories
represent collections of platforms capable of collecting
data over a range of scales. The platforms include ships,
satellites, radars, and a range of Lagrangian systems.

Data from the individual platforms are aggregated by
sophisticated cyberinfrastructure software systems,
which when combined with global communications
allow for two-way communication between the shore-
side personnel and the networks that can be deployed
anywhere in the world. This two-way communication
allows the networks to be adaptively configured to
improve sampling of specific processes. The matura-
tion of these systems comes at a fortuitous time as the
oceans are increasingly showing evidence of changes in
the physics, chemistry, and biology over the last few
decades. Understanding those changes will require the
data collected by the ocean observatories.

Introduction
The Need for a Global Ocean Observing Network

The oceans cover the majority of Earth’s surface, and
despite centuries of human exploration, the oceans
remain relatively unexplored. Oceanographers have
historically collected data on the ocean and the seafloor
from ships during cruises of limited duration. This
expeditionary research approach has resulted in
major advances that span understanding global ocean
circulation, the energy associated with mesoscale cir-
culation [1-4], plate tectonics (cf. [5]), global ocean
productivity [6-8],
[9-11]. These and many other successes have expanded

and climate-ocean coupling
our view of the role of ocean processes on Earth, and
have demonstrated a need for sustained sampling span-
ning temporal and spatial scales that are not effectively
carried out using ships. Filling these informational gaps
will require the oceanographic community to develop
new modes of sampling the oceans. Developing these
new approaches is urgent, as data collected over the last
few decades show that in many regions of the ocean the
physics, chemistry, and biological properties are
exhibiting significant change.

The observed changes in the oceans over the last few
decades span from local scales (kilometers) to global
effects operating over a wide range of spatial and tem-
poral scales (Fig. 1). These changes reflect both natural
cycles and increasingly reflect human activity, which
now plays a significant role in structuring the world’s
Local changes alterations in
circulation, increased introduction of point source
concentrations and micronutrients,

oceans. include

of macro-
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Ocean Observatories and Information: Building a Global Ocean Observing Network. Figure 1
A stommel diagram showing the range of spatial and temporal scales over which ocean processes operate. The figure was

constructed by Tommy Dickey and is published with his permission

transport of pollutants to the sea, the introduction of
invasive species, associated pressures of aquaculture
efforts, and altered food web dynamics due to the
overexploitation of commercially valuable species.
These local features are embedded within regional
and global scale changes. These large-scale changes
include altered physical (temperature, salinity, sea
level height), chemical (oxygen, pH, nutrients), and
biological properties (fishing out of top predators).
Quantitatively understanding the relative role of
natural and anthropogenic forcing of the ocean is
a paramount challenge for oceanography. The urgency
will only increase as in the next 20 years as anthropo-
genic environmental impacts associated with humans
are expected to increase. This reflects the growth
human populations [12] with current projections
predicting the human population will reach ten billion
by 2040. This will be especially prominent at the

coastlines, which are predicted to show the largest
population [13]. This
a thorough understanding of ocean processes, which

increases will  require
will be used to improve human health and safety,
promote economic vitality, and provide the tools for
sustainable environmental stewardship. These needs
will require an improved fundamental understanding
of the oceans.

Given the need for a quantitative understanding of
the oceans, the ocean science community is fortunate
to be poised to take advantage of many technical
advances. These advances include a diverse set of new
platforms capable of carrying sensors for sustained
periods of time and the maturation of cyberinfras-
tructure tools that can link distributed individual
observing networks to form a “system of systems.”
These components will provide the foundation for an
international global ocean observing network. In this
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entry, we will outline the developments and, where
appropriate, provide specific examples of how the
data will be used.

Design Considerations for Building an Ocean
Observing Network

Ocean observing networks are designed to address
a specific need, which is used to define the required
sampling resolution in space and time. Defining the
appropriate scales can be a difficult problem as many
large-scale (thousands of kilometers), long period
(annual-to-interannual) processes are determined by
small-scale, short-period variations in atmospheric
forcing, and small-scale, relatively short-lived, oceanic
processes [14—18]. As highlighted by Munk [19], 95%
of the oceanic kinetic energy is associated with meso-
scale currents having time and space scales less than
about 100 days and 100 km. Other forcing factors can
operate over inertial or diurnal time scales [17]; there-
fore, a comprehensive understanding of the oceans will
require nested sampling capable of resolving the feed-
backs between processes operating over different
scales. This generally requires a multiplatform strategy
as each system samples a specific time and space

domain (Fig. 2). Once the sampling requirements
have been defined, it is possible to choose (1) the
appropriate platforms, (2) the required measurements,
(3) the data latency needs for a particular observatory,
and (4) the funds available for construction. The costs
generally increase with the flexibility of the system
(Fig. 3). Increased power on a platform allows
for greater flexibility in carrying a wider range of
$ensors.

As ocean infrastructure is expensive, most large
infrastructure networks must often be able to address
a range of basic research and applied science needs to
justify the investment. Historically, basic and applied
research efforts are often treated as separate enter-
prises; however, major issues confronting the ocean
science communities reveal numerous commonalities
that reflect the chronic undersampling of the oceans.
Both applied and basic science require information on
the physical hydrography, circulation, biological, and
chemical properties; however, it is often the real-
time availability of data that defines its utility for
applied science where data are used to meet real-
time needs such as weather forecasting, search and
rescue, and national security. When available, how-
ever, real-time information has a great deal of utility as
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Ocean Observatories and Information: Building a Global Ocean Observing Network. Figure 2

The time and space sampling capabilities of different ocean platforms. The different colors represent different platforms
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Ocean Observatories and Information: Building a Global Ocean Observing Network. Figure 3
The range of cost and power for a range of ocean sampling platforms

scientists use the information to optimize adaptive
sampling techniques.

Platforms Available for Ocean Observing Networks

A range of platforms available for building ocean
observing networks are described. Note that the list is
not exhaustive, but reflects the major pieces of infra-
structure widely used by the community today and
form the observational backbone of the major ocean
observing efforts. For this entry, we focus on physical
systems that collect data about the ocean and do not
discuss numerical models.

Ships. The primary tool for oceanographers for
centuries has been ships and despite significant
advances in new technologies (see below), ships will
remain a central piece of infrastructure for the foresee-
able future [18]. In the last decade, the range of ships
available to the oceanographic community has grown
with an expanding set of global class vessels being
complemented with smaller, capable, coastal vessels.
The increasing interdisciplinary needs have resulted in
significant upgrades in the capabilities of the ships with
improved capabilities in the dynamic positioning and
station holding, multi-beam and side-scan sonar

systems, and more complex sensors and instrumenta-
tion becoming routine tools when at sea.

Satellites. Satellites constitute the most important
oceanographic technology innovation in modern times
[19]. Satellite observations have resulted in numerous
advances in our fundamental understanding of the
oceans [20] by resolving both global features associated
with the mesoscale circulation of physical and biolog-
ical properties. It is the fundamental tool for under-
standing myriad ocean processes and land-air—sea
interactions over decadal time scales. Satellite data are
fundamental to weather and ocean state prediction.
The data have revealed new phenomena over critical
space and time scales that were previously inaccessible
using only data from in situ observing systems. Physical
parameters available from space-based sensors provide
information on ocean surface temperature, wind speed
and direction, sea surface height and topography, and
sea ice distribution and thickness. Biogeochemical
parameters are derived from ocean color radiometers
(pigment concentration, phytoplankton functional
groups, size distribution, particle concentration, col-
ored dissolved organic material). A range of methods
that include active scatterometry, microwave array
spectrometers, multi-beam

microwave imagers,
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altimetric lidars, altimeters, and advanced gravity mis-
sions collect these observations. The coverage provided
by a satellite is dependent on its orbit. Currently most
environmental satellites are polar-orbiting, covering
the whole globe over a period of days. These
global maps can be complemented by geostationary
satellites that can map the same area of the
ocean several times a day, allowing one to resolve the
temporal changes such as tidal effects or river plumes.
These geostationary satellites are particularly impor-
tant when monitoring episodic events required for
many applied efforts such as monitoring hurricanes
and/or oil spills.

The significant time required and high cost of
deploying satellites has focused efforts on expanding
the utility of existing platforms. These approaches
include the development of new algorithms. These
new algorithms have focused on objectively defining
water masses ([21, 22], Fig. 4), deriving biological rate
processes [23, 24], estimating nutrient concentrations
[25], and mapping ocean salinity [26-28]. Algorithms
are also being developed to allow the satellites to

adaptively sample the ocean. This approach has been
demonstrated with the scientists re-tasking the satellite
to spotlight a region [29]. As flexibility in networks
increases, these approaches are likely to become more
common.

High Frequency Radar. High frequency radar is
a technology for measuring ocean surface current
velocities over hundreds of square miles simulta-
neously (Fig. 5). The systems can provide data on
approximately hourly time scales and can collect data
out to about 125 miles (200 km) from shore (Fig. 4).
The HF radar systems can resolve spatial scales of about
1-10 km, unaffected by clouds, fog, or precipitation.
This technology uses low-power transmitters and small
stationary antennas that are relatively simple to deploy.
Each site measures the radial components of the ocean
surface velocity directed toward or away from the site
[30-32] and the estimated velocity components allow
surface currents (upper meter of water column) to be
estimated [33]. These systems are cost-effective and
currently much of the coastal zone is now sampled
using this technology.

Ocean Observatories and Information: Building a Global Ocean Observing Network. Figure 4

A global map of the major ocean biomes as determined using an objective mapping algorithm [22]. The map was created
by combining sea surface temperature maps with ocean color imagery, and provides a means to discriminate the
major water masses by combining all available satellite remote sensing technologies. Each color represents a distinct

water mass



Ocean Observatories and Information: Building a Global Ocean Observing Network

HF radar provides a good example of a dual use
technology. For example, HF Radar measures the
movement of oceanic events like the winds in
the atmosphere provide information about where and
when weather systems occur (Fig. 5). The dynamic
movements of the ocean and atmosphere are also
used to determine where pollutants, man-made or
natural, will travel. Modern weather now casts and
forecasts generated by NOAA’s National Weather
Service depend on the thousands of critical wind mea-
surements collected worldwide each hour, mostly from
land and satellite-based sensors. In the coming decade,
coastal managers will use HF radar data to measure the
ocean current speed and direction to track plumes
(rivers, pollution, oil), assist in coast guard search and
rescue (SAR), assist in marine navigation, define ship-
ping tracks and temporary anchorages offshore ports,
and track the transport of harmful algal blooms. One
specific example is the US Coast Guard, which cur-
rently ingests surface current data from high frequency
radar sites into its SAR operations along the Mid-
Atlantic coast, which has a mature HF radar network.
It is estimated that if HF radar is deployed in all US
coastal waters would save an additional 26-45 more
lives annually and reduce the $30 M per year currently
flights  (http://ioos.gov/library/
sarops_data_sources_uncert_nov2006.pdf).

spent on rescue

Ocean Moorings. The modern ocean moorings grew
out of the weather stations established in the 1940s.
Since the 1960s modern buoys have enabled a wide
range of studies addressing the ocean’s role in climate,
weather as well as providing insight into the biogeo-
chemistry of the sea. Moorings provide the backbone to
many of the global ocean networks studying ocean—
atmosphere interactions and are the foundation for the
global tsunami warning system network. They will
continue to be a key element of ocean observing infra-
structure that provides high frequency fixed location
data to supplement the spatial data collected by ships,
autonomous underwater vehicles, and satellite remote
sensing by providing subsurface data.

Seafloor Cables. Scientists often require high band-
width and power for sustained periods of time.
Seafloor electro-optic cables offer potential means for
providing the sustained presence in the ocean. There
have been two general strategies when deploying
seafloor cables. Cables have been deployed off the east

and west coasts of the United States and Canada,
Hawaii, Japan, and Europe. These cables have success-
fully been used to study a wide range of topics which
include seafloor seismicity [34, 35], tsunamis [36],
seafloor dynamics [37], coastal upwelling (Fig. 6,
[38]), ecosystem productivity [39], hydrological optics
[40], ocean turbulence [41], sediment resuspension
[42, 43], gas hydrates [44], marine boundary layer
dynamics [45], bioluminescence [46, 47], and animal
swimming behavior [48].

Drifters and Floats. Passive, autonomous, Lagrang-
ian platforms have become an indispensable tool in
creating surface and subsurface maps of ocean proper-
ties. These platforms are relatively inexpensive and thus
allow thousands of these platforms to be deployed.
Surface maps of ocean currents and ocean properties
(temperature) have been collected using surface
drifters. Drifters have historically been a key tool for
oceanography as evidenced by the important works of
Benjamin Franklin [49] and Irving Langmuir [50].
Improved communications have allowed thousands of
drifters to be deployed. The drifters have evolved to
carry numerous sensors, which have allowed them
to create global maps of surface circulation at
a relatively low cost [51].

The first neutrally buoyant floats were designed to
observe subsurface currents [52]. The subsurface floats
were greatly enhanced in the early 1990s with commu-
nication capabilities [53] and now anchor the interna-
tional ARGO program, which has over 3,000 floats
deployed in the ocean (Fig. 7, http://www.argo.ucsd.
edu/). The subsurface ARGO network has been
a critical tool for oceanography [55] and to date
has resulted in over 750 publications since 1998
(http://www.argo.ucsd.edu/Bibliography.html). Publi-
cations span from mapping global ocean hydrography,
trended changes in ocean properties, and ocean
biogeochemistry.

Gliders. Rudnick et al. [56] provided a detailed
overview of glider systems for scientific uses. Gliders
are a type of autonomous underwater vehicle that use
small changes in buoyancy in conjunction with wings
to convert vertical motion to horizontal motion, and
thereby propel itself forward with very low-power
consumption. These are similar in concept to profiling
floats (see above) with the exception of the wings.
Gliders follow a sawtooth path though the water,
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Ocean Observatories and Information: Building a Global Ocean Observing Network. Figure 6

Example of data collected by the Long term Ecosystem Observatory (LEO) which is located 5 km offshore the coast of New
Jersey and is linked to shoreside laboratories via an electro-optical seafloor cable. (a) A profiling instrument node before
being mounted to the LEO cable. (b) The shore side control center from where the profiler and instruments were
controlled. The data was sent to shore in real time to scientists via the LEO cable. (c) Data collected during 60 h while
continuously profiling the instrument package. The short time series represents over 600 vertical profiles. The data
represents the absorption at 440 nm collected with a WetLabs absorption/attenuation meter. The high turbidity water
(red) was associated with tidal outflows and with coastal upwelling

providing data on large temporal and spatial scales.
They navigate with the help of periodic surface GPS
fixes, pressure sensors, tilt sensors, and magnetic com-
passes. Using buoyancy-based propulsion, gliders have
a significant range and duration, with missions lasting
over half a year and over 3,500 km of range. There are
currently three glider types [57-59] being used
throughout the world’s oceans (Fig. 8). Although the
majority of gliders presently run on batteries, thermal-
powered gliders, which take advantage of thermal
gradients in the ocean, are being developed [59].
Gliders vary in the pressure, they are able to withstand
but taken together, and they effectively sample waters
depths from 10 to 3,300 m. The duration of the glider
mission is variable and depends on (1) the type of
battery used, (2) the number of sensors the gliders
carry, and (3) the water column depths in which the
glider is operating. Because these vehicles are designed

for duration, they have limited power for sensors. The
standard measurements currently on gliders include
temperature, salinity, chlorophyll fluorescence, optical
backscatter, bottom depth, and occasionally acoustic
Doppler velocity and backscatter. By examining dis-
placement between surface fixes, the vertically averaged
absolute velocity can also be determined. The utility of
gliders have demonstrated their value in collecting high
resolution spatial datasets [60—67].

Propeller-driven AUVs are powered by batteries or
fuel cells and can operate in water as deep as 6,000 m.
AUVs can navigate by various means; inside a net of
acoustic beacons, by position relative to a surface ref-
erence ship, or when operating completely autono-
mously, the AUV will surface and take its own GPS
fix. Like gliders, AUVs relay data and mission informa-
tion to shore via satellite. Between position fixes and for
precise maneuvering, inertial navigation systems are
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Ocean Observatories and Information: Building a Global Ocean Observing Network. Figure 7
The global distribution of ARGO profiling floats on March 23,2011. The floats are outfitted with sensors that measure
temperature and salinity. A smaller number are outfitted with biogeochemical sensors [54]
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Ocean Observatories and Information: Building a Global Ocean Observing Network. Figure 8

Gliders are operated by individual laboratories and allow small groups to occupy a global presence at relatively low cost
[29]. The figure shows the glider deployments conducted by Rutgers Coastal Ocean Observation Laboratory from
October 2003 until February 2011. The missions represent almost 4,000 days at sea and the Rutgers glider fleet has
flown 93,000 km underwater. Currently, there are over a dozen laboratories located throughout the world who maintain
a similar sustained global glider presence at sea
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often available onboard the AUV to measure the accel-
eration of the vehicle and, combined with Doppler
velocity technology, is used to measure rate of travel.
A pressure sensor measures the vertical position. AUVs,
unlike gliders, can move against most currents nomi-
nally at 3-5 knots, and, therefore, can systematically
and synoptically survey a particular line, area, and/or
volume. This is particularly important for bottom
surveys and operation near the coastline in areas haz-
ardous to ships and small craft. The endurance of AUV
systems depends on the size of the vehicle as well as the
power consumption, but range from 6 to 40 h of
operation under a single charge with ranges
of 70-240 km over that period. The sensor payload is
also dependent on the size of the vehicle (and battery
capacity), with the standard array of sensors measur-
ing, temperature, salinity, chlorophyll fluorescence,
optical backscatter, bottom depth, and acoustic Dopp-
ler velocity and backscatter. Because of the additional
power capacity of AUVs, numerous sensor suites have
been integrated into AUVs and remain the primary
autonomous platform for sensor development.
Hundreds of different AUVs have been designed over
the past 20 or so years. Blackwell et al. [68] provides an
overview of the historical development of these
vehicles.

Information Systems for Ocean Observatories

While the range of technologies available to
oceanographers has been increasing over the last sev-
eral decades, it is the availability of global communica-
tions and information technology that will allow these
technologies to transform ocean sciences. Oceanogra-
phers have conducted experiments as either individuals
or small groups within a single science focus at any
given time; however, the broad scientific and civil
demands for multidisciplinary and interdisciplinary
research coupled with exponential growth in informa-
tion technology are transforming oceanography. This
history of working in small groups has resulted in the
traditional data-centric cyberinfrastructure strategy,
where typically a central data management system
ingests data and serves them to users on a query basis.
This approach is not sufficient to deal with the range of
challenges that face ocean sciences.

Given this potential, the community is now dedi-
cated to building the cyberinfrastructure that will be

central to any global integrated ocean observing
system. A modern cyberinfrastructure backbone will
allow globally distributed scientists to operate as
a community by aggregating data from individually
deployed instruments for any experimental effort. If
realized, this would allow anybody with access to the
internet to utilize the global array of sensors to study
any ocean process of interest.

Given the potential, ocean sciences are increasingly
focused on building a system that will provide
a comprehensive set of capabilities. Cyberinfras-
tructure systems must provide a comprehensive set of
tools that include (1) end-to-end data preservation and
access, (2)
machine-to-machine control of how data are collected
and analyzed, (3) direct, closed loop interaction of
models with the data acquisition process, (4) virtual
collaborations created on demand to drive data-model
coupling and share ocean observatory resources (e.g.,
instruments, networks, computing, storage
workflows), (5) end-to-end preservation of the ocean

end-to-end, human-to-machine, and

and

observatory process and its outcomes, and (6) automa-
tion of the planning and prosecution of observational
programs. Additionally the cyberinfrastructure systems
must provide the required background messaging, gov-
ernance, and service frameworks that facilitate interac-
tion in a shared environment, similar to the role of the
operating system on a computer. Such a system would
provide a suite of tools capable of serving both basic
and applied science simultaneously.

The potential of an interactive social network for
the ocean sciences is in its infancy and the community
is in the process of development and is conducting pilot
experiments. One such example is the NSF Ocean
Observatory Initiative (OOI), which has focused
significant effort on developing a sophisticated
cyberinfrastructure, that will link ocean observatories,
computation, modeling, storage,
infrastructure into a coherent system-of-systems. The
software is also developing a web-based social network
enabled by real-time visualization and access to model
outputs to allow for adaptive sampling science.

One such example was a field experiment
conducted in 2009, that allowed a distributed commu-
nity of scientists to assess how well the software could
aggregate data from ships, autonomous underwater
vehicles (AUVs), shore-based radars, and satellites

and network
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and to make it available to ocean forecast models.
Scientists used the model forecasts to guide future
(next 24 h) glider missions which then were used to
optimize data collection for model data assimilation,
which demonstrated the feasibility of two-way interac-
tivity between the sensor web and predictive models.
The sensor web included the re-tasking of a satellite.
The software allowed the distributed community to
adaptively modify the in situ observation network
throughout the experiment [29]. The net result was
a science driven machine-to-machine interactive loop
(Fig. 9). These machine networks will increasingly
become standard tools for the ocean science commu-
nity in the future.

As observatories consist of a series individual com-
ponents that are linked to form a coherent sampling
system, an often underemphasized, yet critical need is
the ability to register to all components to a common
time stamp. The time stamp functionality in the sensor
network is necessary to compare the output of one
sensor to another. This is not a trivial when sensors
are dispersed geographically and the data from sensors
need to be integrated with external datasets. The accu-
racy required is a function of the process being studied
and the length of the time series to be collected. For
example, seismic studies require time accuracy on the
order of milliseconds, acoustic tomography of 1 ps and
studies of phytoplankton growth rates require data on
the time scale of hours. Additionally, avoiding drift for
temporal time series will increasingly become critical as
sustained time series become the norm for oceanogra-
phy. Fortunately, the ability to register time accurately
is increasingly improving. A dramatic example is the
evolution of small low-power atomic clocks. Atomic
clocks offer the frequency stability of one part in ten
billion, which is equivalent to gaining or losing
1 s every 300 years. These technical developments are
being powered by the evolution of Micro Electro
Mechanical Systems (MEMS) chip technologies that
can produce clocks with a volume of less than 0.1 cm’
and consume power on the milli-watt scale. These
advances will enable atomic clocks to be operated on
batteries and could be integrated throughout the
individual components of the ocean observatories.

The potential of cyberinfrastructure tools, such as
described above, is dependent on the real-time avail-
ability of data; fortunately global communications have

improved dramatically over the last few decades. In the
early 1990s, the primary mode of communication from
ship to shore was via satellite voice calls. This improved
over the next decade as ship-based science was
provided with limited email communication. Commu-
nications have continued to improve and now provide
sufficient bandwidth to allow for video-transmission at
hundreds of kilobits per second (http://hiseasnet.ucsd.
edu/). These improvements are changing the type of
science that ships conduct as real-time data allow
scientists to adaptively sample the ocean. Addition-
ally, the launch of low Earth orbit satellite communi-
cation  systems global
communication and enabled rapidly evolving capabil-
ities for communications to autonomous platforms.
The communications have improved from one-way
communications with data transmission limited to
about 16,000 bits/day to global two-way communica-
tions at a rate of 2,400 bits/s.

have allowed for

Future Directions

The ocean science community will over the next decade
construct a global ocean observing network by com-
bining a diverse range of platforms. The multiplatform
networks will allow scientists to sample over a wide
range of time and space scales and the availability of
real-time data transmission will allow for adaptive
sampling. The development of a robust cyberinfras-
tructure will encourage distributed teams of scientists
to conduct both applied and basic research. The
research will allow the community to understand the
present and future status of the oceans.

Bibliography

1. Crease J (1962) Velocity measurements in the deep water of
the western North Atlantic. J Geophys Res 67:3173-3176

2. Ducet N, Le Traon PY, Reverdin G (2000) Global high-
resolution mapping of ocean circulation from TOPEX/Posei-
don and ERS-1 and -2. J Geophys Res 105:19477-19498

3. Schmitz WJ (1977) On the deep general circulation in the
western North Atlantic. J Mar Res 35:21-28

4, Swallow JC (1971) The Aries current measurements in the
western North Atlantic. Philos Trans R Soc Lond A270:451-460

5. Oreskes N (ed) (2003) Plate tectonics: an insider’s history of the
modern theory of the Earth. Westview Press Books, Boulder
CO. 424 pp

6. Antoine D, Andre J, Morel A (1996) Oceanic pimary production
2. Estimation at global scale from satellite (coastal zone color
scanner) chlorophyll. Global Biogeochem Cycles 10:57-69

O 7293



http://hiseasnet.ucsd.edu/
http://hiseasnet.ucsd.edu/

7294 o

Ocean Observatories and Information: Building a Global Ocean Observing Network

7.

20.

21.

22.

23.

. Vitousek PM, Mooney HA,

. Milliff

Behrenfeld MJ, O'Malley RT, Siegel DA, McClain CR, Sarmiento JL,
Feldman GC, Milligan AJ, Falkowski PG, Letelier RM, Boss ES
(2006) Climate-driven trends in contemporary ocean productiv-
ity. Nature 444:752-755

. Longhurst A, Sathyendranath S, Platt T, Caverhill C (1995)

An estimate of global primary production in the ocean
from satellite radiometer data. J Plankton Res 17:1245-1271

. Graham NE (1994) Decadal-scale climate variability in the

tropical and North Pacific during the 1970s and 1980s: obser-
vations and model. Climate Dynamics 10:135-162

. Miller AJ, Schneider N (2000) Interdecadal climate regime

dynamics in the North Pacific Ocean: theories, observation,
and ecosystem, impacts. Prog Oceanogr 47:355-379

. Rahmstorf S, Cazenave A, Church JA, Hansen JE, Keeling RF,

Parker DE, Somerville RCJ (2007) Recent climate observations
compared to projection. Science 316:709. doi:10.1126/
science.1136843

. De Souza R, Williamsn J, Meyerson FAB (2003) Critical links:

population, health, and the environment. Popul Bull 58(3):
3-43

Lubchenco J, Melillo JM
(1997) Human domination of Earth’s ecosystems. Science
277:494-499. doi:10.1126/science.277.5325.494

. Large WG, Holland WR, Evans JC (1991) Quasi-geostrophic

ocean response to real wind forcing: the effects of temporal
smoothing. Am Meteorol Soc 21(7):998-1017

. Milliff RF, Large WG, Holland WR, McWilliams JC (1996) The

general circulation responses of high-resolution North
Atlantic Ocean models to synthetic scatterometer winds.
J Phys Oceanogr 26:1747-1768

RF, Large WG, Morzel J, Danabasoglu G,
Chin TM (1999) Ocean general circulation model sensitivity
to forcing from scatterometer winds. J Geophys Res 104:
11337-11358

. Milliff RF, Morzel J (2001) The global distribution of the time-

average wind stress curl from NSCAT. J Atmos Sci

58(2):109-131

. National Research Council (2009) Science at sea: meeting

future oceanographic goals with a Robust Academic Research
Fleet. National Academy Press, Washington, DC

. Munk W (2000) Oceanography before, and after, the advent of

satellites. In: Halpern D (ed) Satellites oceanography and soci-
ety. Elsevier Science, Amsterdam, pp 1-5

Halpern DA (2000) Satellites, oceanography and society.
Elsevier Science, Amsterdam, 361 pp

Martin-Traykovski LV, Sosik HM (2003) Feature-based classifi-
cation of optical water types in the Northwest Atlantic based
on satellite ocean color data. J Geophys Res 108(C5):3150.
doi:10.1029/2001JC001172

Oliver MJ, Kohut JT, Irwin AJ, Glenn SM, Schofield O,
Moline MA, Bissett WP (2004) Bioinformatic approaches for
objective detection of water masses. J Geophys Res 109:
C07504. doi:10.1029/2003JC002072

Beherenfeld MJ, Boss E, Siegel DA, Sutherland DM
(2005) Carbon-based ocean productivity and phytoplankton

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

physiology from space. Global Biogeochem Sci 19:GB1006.
doi:10.1029/2004GB002299

Beherenfeld MJ, Falkowski PG (1997) A consumer’s guide to
phytoplankton  primary productivity models. Limnol
Oceanogr 42(7):1479-1491

Goes JI, Saino T, Oaku H, Jiang DL (1999) A method for esti-
mation of sea surface nitrate concentrations from remotely
sensed SST and chlorophyll a - a case study for the North
Pacific Ocean using OCTS/ADEOS data. IEEE Trans Geosci
Remote Sens 37:1633-1644

Swift CT, Mcintosh RE (1983) Considerations for microwave
remote-sensing of ocean-surface salinity. IEEE Trans Geosci
Remote Sens 21:480-491

Berger M, Camps A, Font J, Kerr Y, Miller J, Johannessen J,
Boutin J, Drinkwater MR, Skou N, Floury N, Rast M, Rebhan H,
Attema E (2002) Measuring ocean salinity with ESA’s SMOS
mission. ESA Bull 111:113f

Geiger EF, Grossi MD, Trembanis AC, Kohut JT, Oliver MJ
(2011) Satellite-derived coastal ocean and estuarine salinity
in the Mid-Atlantic. Cont Shelf Res (submitted)

Schofield O, Glenn S, Orcutt J, Arrott M, Brown W, Signell R,
Moline MA, Chao Y, Chien S, Thompson D, Balasuriya A,
Oliver M (2010) Automated sensor networks to advance
ocean science. Trans Am Geophys Union 91(39):345-346.
doi:10.1029/2010E0390001

Barrick DE (1972) First-order theory and analysis of mf/hf/vhf
scatter from the sea. IEEE Trans Antennas Propag AP-20:2-10
Barrick DE, Evens MW, Weber BL (1977) Ocean surface currents
mapped by radar. Science 198:138-144

Crombie DD (1955) Doppler spectrum of sea echo at 13.56
Mc/s. Nature 175:681-682

Stewart RH, Joy JW (1974) HF radio measurements of ocean
surface currents. Deep Sea Res 21:1039-1049

Bromirski PD, Duennebier FK, Stephen RA (2005) Mid-ocean
microseisms. Geochem Geophys Geosyst 6:Q04009.
doi:10.1029/2004GC000768

Duennebier FK, Harris DW, Jolly J, Babinec J, Copson D, Stiffel K
(2002) The Hawaii-2 observatory seismic system. IEEE
J Oceanic Eng 27:212-217

Thomson DJ, Lanzerotti LJ, Maclennan CG, Medfor LV
(1995) Ocean cable measurements of the tsunami signal
from the 1992 Cape Mendocino earthquake. Pure Appl
Geophys 144:427-440

Traykovski P, Hay A, Irish JD, Lynch JF (1999) Geometry, migra-
tion, and evolution of wave orbital ripples at LEO-15.
J Geophys Res 104:1505-1524. doi:10.1029/1998JC900026
Schofield O, Bergmann T, Bissett WP, Grassle F, Haidvogel D,
Kohut J, Moline M, Glenn S (2002) Linking regional
coastal observatories to provide the foundation for
a national ocean observation network. J Oceanic Eng 27(2):
146-154

Grundle DS, Timothy DA, Varela DE (2009) Variations of phy-
toplankton productivity and biomass over an annual cycle in
Saanich inlet, a British Columbia fjord. Cont Shelf Res 29:2257-
2269. doi:10.1016/j.csr.2009.08.013



Ocean Observatories and Information: Building a Global Ocean Observing Network

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Oliver MW, Schofield O, Bergmann T, Glenn SM, Moline MA,
Orrico C (2004) In-situ optically derived phytoplankton
absorption properties in coastal waters and its utility for esti-
mating primary productivity rates. J Geophys Res 109:C07511.
doi:10.1029/2002JC001627

Kunze E, Dower JF, Beveridge |, Dewey R, Bartlett KP
(2006) Observations of biologically generated turbulence in
a coastal inlet. Science 313:1168-1170. doi:10.1126/
science.1129378

Agrawal YC (2005) The optical volume scattering function:
temporal and vertical variability in the water column off the
New Jersey coast. Limnol Oceanogr 50:1787-1794

Gargett A, Wells J, Tejada-Martinez AE, Grosch CE (2004)
Langmuir supercells: a mechanism for sediment resuspension
and transport in shallow seas. Science 356:1925-1928
Edwards RN, Schwalenberg K, Wiloughby EC, Mir R, Scholl C
(2010) Marine controlled source electromagnetics and
the assessment of seafloor gas hydrate. In: Riedel M,
Willoughby EC, Chopra S (eds) Geophysical characterization
of gas hydrates, SEG monograph. Society of Exploration
Geophysicists, Tulsa

Sullivan PP, Edson JB, Hristov T, Williams JC (2008) Large-eddy
simulations and observations of atmospheric marine bound-
ary layers above nonequilibrium surface waves. J Atmos Sci
65:1225-1245

Moline MA, Oliver MJ, Mobley CD, Sundman L, Blackwell SM,
Bergmann T, Bissett WP, Case J, Raymond EH, Schofield O
(2007) Bioluminescence in a complex coastal environment I
temporal dynamics of night-time water-leaving radiance.
J Geophys Res 112. doi:10.1029/2007JC004138

Oliver MJ, Moline M, Mobley C, Sundman LK, Schofield O
(2007) Bioluminescence in a complex coastal environment: 2.
Prediction of bioluminescent source depth from spectral
water-leaving radiance. J Geophys Res. doi:10.1029/
2007JC004136

Rousseau S, Kunze E, Dewey R, Bartlett K, Dower J (2010) On
the efficiency of turbulence production by swimming marine
organisms in the open ocean and coastal waters. J Phys
Oceanogr 40(9):2107-2121

Franklin B (1785) Sundry marine observations. Trans Am Philos
Soc 1(2):294-329

Langmuir | (1938) Surface motion of water induced by wind.
Science 87:119-123

Niiler PP, Maximenko NA, McWilliams JC (2003) Dynamically
balanced absolute sea level of the global ocean derived from
near-surface velocity observations. Geophys Res Lett
30(22):2164. doi:10.1029/2003GL018628

Swallow JC (1955) A neutral-buoyancy float for measuring
deep currents. Deep Sea Res 3:74-81

Davis RE, Webb DC, Regier LA, Dufour J (1992) The autono-
mous lagrangian circulation explorer (ALACE). J Atmos
Oceanic Technol 9:264-285

Johnson KS, Berelson WM, Boss ES, Chase Z, Claustre H,
Emerson SR, Gruber N, Kortzinger A, Perry MJ, Riser SC
(2009) Observing biogeochemical cycles at global scales with

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

profiling floats and gliders: prospects for a global array. Ocean-
ography 22(3):216-225

Gould J, Roemmich D, Wijffels SH, Freeland H, Ignaszewsky M,
Jianping X, Pouliquen S, Desaubies Y, Send U, Radhakrishand K,
Takeuchi K, Kim K, Danchenkov M, Sutton P, King B, Owens B,
Riser S (2004) Argo profiling floats bring new era of in situ
ocean observations. EOS 85(19):190-191. doi:10.1126/
science.1136843

Rudnick DL, Davis RE, Eriksen CC, Fratantoni DM, Perry MJ
(2004) Underwater gliders for ocean research. Mar Technol
Soc J 38:73-84

Eriksen CC, Osse TJ, Light RD, Wen T, Lehman TW, Sabin PL,
Ballard JW, Chiodi AM (2001) Seaglider: a long-range autono-
mous underwater vehicle for oceanographic research. IEEE
J Oceanic Eng 26:424-436

Sherman J, Davis RE, Owens WB, Valdes J (2001) The autono-
mous underwater glider “Spray”. IEEE J Oceanic Eng
26:437-446

Webb DC, Simonetti PJ, Jones CP (2001) SLOCUM: an under-
water glider propelled by environmental energy. IEEE
J Oceanic Eng 26:447-452

Castelao R, Glenn S, Schofield O, Chant R, Wilkin J, Kohut J
(2008) Seasonal evolution of hydrographic fields in the central
Middle Atlantic Bight from glider observations. Geophys Res
Lett 35:L03617. doi:10.1029/2007GL032335

Chao Y, Zhijin L, Farrara JD, Moline MA, Schofield O,
Majumdar SJ (2008) Synergistic applications of autonomous
underwater vehicles and regional ocean modeling system
in coastal ocean forecasting. Limnol Oceanogr 53(6):
2251-2263

Davis RE, Ohman MD, Rudnick DL, Sherman JT, Hodges B
(2008) Glider surveillance of physics and biology in the
southern California Current System. Limnol
53(5):2151-2168

Glenn SM, Jones C, Twardowski M, Bowers L, Kerfoot J,
Webb D, Schofield O (2008) Studying resuspension processes
in the Mid-Atlantic Bight using Webb slocum gliders. Limnol
Oceanogr 53(6):2180-2196

Hjalmar H, Eriksen CC, Rhines PB (2007) Buoyant eddies enter-
ing the Labrador Sea observed with gliders and altimetry.
J Phys Oceanogr 37:2838-2854

Hodges BA, Fratantoni DM (2009) A thin layer of phytoplank-
ton observed in the Philippine Sea with a synthetic moored
array of autonomous gliders. J Geophys Res 114:C10020.
doi:10.1029/2009JC005317

Kahl A, Fraser W, Schofield O (2010) Autonomous gliders
reveal water column features associated with Adélie penguin
foraging. Integr Comp Biol. doi:10.1093/icb/icq098

Schofield O, Chant R, Cahill B, Castelao R, Gong D, Kahl A,
Kohut J, Montes-Hugo M, Ramadurai R, Ramey P, Xu Y,
Glenn SM (2008) Seasonal forcing of primary productivity on
broad continental shelves. Oceanography 21(4):104-117
Blackwell SH, Moline MA, Schaffner A, Garrison T, Chang G
(2008) Sub-kilometer length scales in coastal waters. Cont
Shelf Res 28(2):215-226

Oceanogr

O 7295




	O
	Ocean Acidification
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Introduction
	Biogeochemical Considerations: The Marine Carbon Cycle
	Chemical Changes Associated with Ocean Acidification
	Biological Effects of Ocean Acidification
	Metabolic Considerations: Advantages and Constraints of Elevated CO2ocean/oceanicacidificationelevated CO2
	Effect of Ocean Acidification on Calcifiers

	Changes in pH over the History of the Earth
	Geographic Variability in pH
	Seasonal Upwelling Events
	Future Directions
	Bibliography

	Ocean Energy, Introduction
	Ocean Evaporation and Precipitation
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Introduction
	Distribution of Evaporation from the Ocean and Precipitation
	Oceanic Heat Reservoirs (Warm Pools) and Evaporation
	Oceanic Evaporation and Monsoonal Precipitation Regimes
	Response of the Relationship Between Evaporation and Precipitation to the Forcing of the ENSO
	Future Research Directions
	Bibliography

	Ocean Farming and Sustainable Aquaculture Science and Technology, An Introduction to
	Ocean Fertilization for Sequestration of Carbon Dioxide from the Atmosphere
	Article Outline
	Glossary
	Definition of the Subject
	Introduction
	Evaluation of OIF in Relation to Other Proposed Geoengineering Schemes
	Conclusions and Future Directions
	Bibliography

	Ocean Observatories and Information: Building a Global Ocean Observing Network
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Introduction
	The Need for a Global Ocean Observing Network
	Design Considerations for Building an Ocean Observing Network
	Platforms Available for Ocean Observing Networks
	Information Systems for Ocean Observatories

	Future Directions
	Bibliography

	Ocean Thermal Energy Conversion
	Article Outline
	Glossary
	Definition of the Subject
	Introduction
	OTEC History
	Ocean Thermal Resources
	Technical Limitations and Challenges
	Environmental Impact
	Open-Cycle OTEC
	The 210kW OC-OTEC Experimental Apparatus
	OC-OTEC Control Parameters

	Closed-Cycle OTEC
	Evaporator Performance (CC-OTEC)
	Condenser Performance (CC-OTEC)
	CC-OTEC Control Parameters

	State of the Art 10- MW CC-OTEC Pilot Plant
	Design Environment
	Power Cycle
	Electrical Interface
	Plantship, Mooring, Propulsion, and Position Control
	Seawater Components
	Cold Water Pipe
	Submarine Power Cable
	Inspection, Maintenance, and Repair (IMandR)

	Site Selection Criteria for OTEC Plants
	OTEC Economics
	OTEC Capital Costs

	Future Directions: OTEC
	Bibliography

	Oceanic Fate and Transport of Chemicals
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Introduction
	The Transport of Chemicals to the Open Ocean
	Atmospheric Inputs
	Inputs from the Terrestrial Environment
	Chemical Inputs from Hydrothermal Vents, Ocean Seeps, and Sediments
	Comparison of Sources

	Ocean Cycling of Chemicals
	Factors Controlling Ocean Chemical Distributions

	Detailed Description of the Cycling of Important Elements and Chemicals
	Iron, Manganese, and Aluminum Cycling in Open Ocean Waters
	The Cycling of the Other First Row Transition Metals, Zinc, and Cadmium
	Anthropogenic Metals: Lead, Silver, and Mercury
	Metalloids and Other Important Elements
	Cycling of Organic Chemicals in the Ocean

	Future Directions
	Bibliography

	Oceanic General Circulation Models
	Article Outline
	Glossary
	Definition of the Subject
	Introduction
	Equations of Motion
	Hydrostatic Primitive Equations
	Boundary Conditions
	The Surface Mixed Layer

	Horizontal and Vertical Grid System
	Horizontal Grid System
	Vertical Coordinate

	Sub-grid Scale Parameterization
	Simple Conceptual Models
	Cane-Zebiak Model
	The Atmosphere Model
	The Ocean Model

	A Box Model for Thermohaline Circulation

	Biogeochemical Cycle Modeling
	Future Directions
	Bibliography

	Oceans and Human Health, Introduction
	Bibliography

	Oceans and Human Health, Social and Economic Impacts
	Article Outline
	Glossary
	Introduction
	Definition of the Subject and Its Importance
	Human Disease
	Marine Natural Products
	Marine Aquaculture
	Algal Blooms
	Fisheries
	Tourism
	Recommendations - Three Ps

	Bibliography

	Offshore Wind Energy Technology Trends, Challenges, and Risks
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Introduction
	Offshore Wind Resource
	Origin of the Wind
	Variability of the Wind
	Power in the Wind
	Wind Shear
	Land/Sea Breezes
	Offshore Wind Data Collection

	External Design Conditions
	Wind as Design Condition
	Offshore Turbulence
	Gusts
	Extreme Winds
	Cyclones/Hurricanes

	Waves
	Random Waves
	Breaking Waves
	Extreme Waves

	Wind/Wave Correlations
	Currents
	Wave Forces
	Offshore Wave and Current Data Collection

	Soils

	Wind Turbine Aerodynamics
	Wind Turbine Mechanics and Dynamics
	Rotor Motions
	Fatigue

	Components of Offshore Wind Turbines
	Rotor-Nacelle Assembly
	Rotor
	Drivetrain
	Shafts
	Gearbox
	Brake
	Generator

	Bedplate
	Yaw System
	Control System
	Ancillary Components

	Support Structure
	Tower
	Substructure: Bottom Mounted
	Gravity Structures
	Multi-member Support Structure

	Substructure: Floating
	Spar Buoy
	Barge
	Tension Leg Platform
	Mooring Systems

	Foundation

	Materials for Offshore Wind Turbines

	Offshore Wind Plant Electrical System
	Design of Offshore Wind Plants
	Installation
	Environmental Aspects and Permitting
	Economics
	Future Directions
	Bibliography

	Offshore Wind Power
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Introduction
	External Conditions
	Soil Conditions
	Wind Conditions
	Water Depths
	Waves
	Current and Tidal Effects
	Ice
	Marine Spatial Planning

	Environmental Impact
	Noise
	Barriers of Water Flow
	Visual Impact
	Birds and Bats
	Benthic Fauna and Flora
	Fish
	Sea Mammals

	Technology
	Offshore Wind Turbines
	Foundations
	Internal Electricity Grid or Offshore Collector System
	Connection to Shore and Offshore Substation

	Installation
	Operation and Maintenance
	Reliability
	Availability

	Economy
	Future Directions
	Bibliography

	Oil and Natural Gas: Global Resources
	Article Outline
	Glossary
	Definition of the Subject
	Introduction
	Oil and Gas in Conventional Fields
	Tight Gas
	Oil Sands
	Coal Bed Methane
	Oil Shale and Shale Oil
	Shale Gas
	Gas Hydrates
	Estimated Volumes of Remaining Oil and Gas Resources
	Future Directions
	Bibliography

	Oil Shale Processing, Chemistry and Technology
	Article Outline
	Glossary
	Definition of the Subject
	Introduction
	General Characteristics of Oil Shale
	Oil Shale Classification
	Oil Shale Composition
	Mineral Matter
	Organic Matter
	Kerogen
	Kerogen Isolation
	Kerogen Degradative Analysis
	Nondestructive Analysis of Kerogen Structure

	Bitumen or Bitumoid



	Oil Shale Conversion Processes: An Overview
	Direct Combustion
	Low-Temperature Pyrolysis
	High-Temperature Pyrolysis and Gasification
	Other Thermochemical-Based Conversion Technologies

	Shale Oil Production
	General Considerations Regarding Process Temperatures
	Other Processes Taking Place During Retorting
	Thermal Effects During Retorting
	Assay Methods: Determining Potential Oil Yield and Its Relationship to Other Properties
	Heating Rate Effects on Retorting Oil Yields
	Pressure Effects on Retorting Yields
	Effect of Gas Atmosphere on Retorting
	Chemical Aspects of Oil Recovery by Retorting
	Shale Pyrolysis in Comparison to Coal Pyrolysis
	General Observations of Oil Shale Pyrolysis Phenomena
	Observations Regarding Changes in the Macromolecular Structure of Oil Shale Kerogens During Pyrolysis
	Mechanisms and Kinetics of Kerogen Decomposition
	The Nature and Role of Thermobitumen
	Competitive Reaction Processes and Hydrogen


	Technological Aspects of Shale Oil Recovery
	Ex Situ Technologies: An Example and Some Further Considerations
	In Situ Technologies: Further Considerations

	Final Considerations and Future Directions
	Bibliography

	Oil Spill Remote Sensing
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Introduction
	Atmospheric Properties
	Oil Interaction with Light and Electronic Waves
	Visible Indications of Oil
	Optical Sensors
	Visible
	Infrared
	Near-Infrared
	Ultraviolet

	Laser Fluorosensors
	Microwave Sensors
	Radiometers
	Radar
	Radar Processing

	Microwave Scatterometers
	Surface Wave Radars
	Interferometric Radar

	Slick Thickness Determination
	Visual Thickness Indications
	Slick Thickness Relationships in Remote Sensors
	Specific Thickness Sensorsoilspill remote sensingspecific thickness sensors

	Integrated Airborne Sensor Systems
	Satellite Remote Sensing
	Oil Under Ice Detection
	Underwater Detection and Tracking
	Small Remote-Controlled Aircraft
	Real-Time Displays and Printers
	Routine Surveillance
	Future Directions
	Bibliography

	Olivine Phosphate Cathode Materials, Reactivity and Reaction Mechanisms
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Introduction
	Binary Phase Diagram
	Size Effect Versus Surface Effect
	Air Poisoning
	Careful Verification of Phase Diagram
	Electrochemical Approach
	Structural Approach
	Consistency Between Electrochemical and Structural Data
	Thermodynamic Approach

	Experimental Verification of Lithium Diffusion in LixFePO4
	Summary and Future Directions
	Bibliography

	Organic Batteries
	Article Outline
	Glossary
	Definition of the Subject
	Introduction
	Conjugated Polymers and Redox Polymers for Electrode-Active Materials
	Organic Radical Polymers as Electrode-Active Materials
	Performance of Organic Radical Batteries
	Future Directions
	Bibliography

	Organic Solar Cells
	Article Outline
	Glossary
	Definition of the Subject
	Introduction
	Operating Principles
	Light Absorption in Organic Semiconductors
	Photoinduced Charge Transfer
	Charge Carrier Transport


	Building an Organic Solar Cell: Materials, Fabrication, Optimization
	The Substrate
	The Active Layer
	Active Layers in Vacuum-Processed OPVs
	The Top Contact

	Operational Stability and Degradation

	Future Directions
	Design of Low Band Gap Polymers

	Conclusions
	Bibliography

	Oxidation Catalysts for Green Chemistry
	Article Outline
	Glossary
	Definition of the Subject and Its Importance
	Green Oxidation Catalysts

	Introduction
	Oxidation Chemistry
	Industrial Catalysts
	Challenges in Industrial Oxidation Catalysis
	Propene to Propylene Oxide
	Adipic Acid Synthesis

	Long-term Industrial Challenges

	Specialty Chemical Catalysts
	Specialty Chemicals
	Oxidation Catalysts Inspired by Biology
	Biocatalysis
	Biomimicry
	Cytochrome P450

	Other Biomimetic Catalysts
	Polyoxometalate (POM) Catalysts
	Epoxidation Catalysts
	Sharpless Epoxidation
	Schiff-Base Epoxidation Catalysis
	Organonocatalysis
	TEMPO

	Catalysts for the Environment
	Advanced Oxidation Processes (AOPs)
	Fenton Chemistry
	Catalytic Wet Air Oxidation (CWAO)

	Non-Fenton AOP

	Energy
	Future Directions
	Outlook for Green Oxidation Catalysts

	Bibliography



