
345

VOLUME 91    NUMBER 18    4 MAY 2010

Automated Sensor Networks 
to Advance Ocean Science

Oceanography is evolving from a ship- 

based expeditionary science to a distrib-

uted, observatory- based approach in which 

scientists continuously interact with instru-

ments in the fi eld. These new capabilities 

will facilitate the collection of long- term 

time series while also providing an interac-

tive capability to conduct experiments using 

data streaming in real time. 

The U.S. National Science Foundation 

has funded the Ocean Observatories Initia-

tive (OOI), which over the next 5 years will 

deploy infrastructure to expand scientists’ 

ability to remotely study the ocean. The 

OOI is deploying infrastructure that spans 

global, regional, and coastal scales. A global 

component will address planetary- scale 

problems using a new network of moored 

buoys linked to shore via satellite telecom-

munications. A regional cabled observa-

tory will “wire” a single region in the north-

eastern Pacifi c Ocean with a high- speed 

optical and power grid. The coastal com-

ponent will expand existing coastal observ-

ing assets in order to study the importance 

of high- frequency forcing on the coastal 

environments. 

These components will be linked by a 

robust cyberinfrastructure (CI) that will inte-

grate marine observatories into a coher-

ent system- of- systems. This CI infrastruc-

ture will also provide a Web- based social 

network enabled by real- time visualization 

and access to numerical model informa-

tion, to provide the foundation for adaptive 

sampling science. Thus, oceanographers 

will have access to automated machine- to- 

machine sensor networks that can be scal-

able to increase in size and incorporate new 

technology for decades to come. A case 

study of this CI in action shows how a com-

munity of ocean scientists and engineers 

located throughout the United States at 

12 different institutions used the automated 

ocean observatory to address daily adaptive 

science priorities in real time.

Connectivity Between 
Observations and Models

During its 5- year construction period, the 

OOI is committed to engaging the ocean 

sciences community. To fulfi ll this goal, 

researchers are developing a useful CI by 

using a “spiral design strategy” so that the 

oceanography community can provide input 

throughout the construction phase. 

An example of this strategy was con-

ducted in fall 2009 when the OOI CI devel-

opment team used an existing ocean- 

observing network in the Mid- Atlantic Bight 

waters (MAB, spanning offshore regions 

from Massachusetts to North Carolina) to 

test OOI CI software. The objectives of this 

CI test were to aggregate data from ships, 

autonomous underwater vehicles (AUVs), 

shore- based radars, and satellites and then 

make the aggregated information available 

in real time to fi ve different data- assimilating 

ocean forecast models. Scientists use these 

multimodel forecasts to automate future 

underwater glider missions so that they can 

study quickly developing and fast changing 

characteristics of nearshore marine envi-

ronments. Scientifi c interests spanned from 

the formation of the winter phytoplankton 

bloom to the role of storms that induce sedi-

ment resuspension from the seafl oor. The 

test demonstrated the feasibility of two- way 

interactivity between the sensor web and 

predictive models. 

Specifi cally, this effort tested the CI plan-

ning and prosecution software, which 

enables operators to monitor and control 

individual components within an ocean- 

observing network. The CI software coordi-

nates and prioritizes the shared resources, 

allows for the semiautomated reconfi gura-

tion of asset tasking, and thus facilitates 

an autonomous execution of observation 

plans for both fi xed and mobile observa-

tion platforms. For this effort, numerical 

model ocean forecasts, made interoperable 

by standard Web services, allowed scien-

tists to simulate potential robot trajectories. 

This was used to guide scientists’ decisions 

about whether desired target areas could be 

reached by autonomous vehicles. 

For example, the software allows a scien-

tist to determine if any available underwa-

ter glider could be redirected to map a sur-

face plume of turbid water that had been 

identifi ed in an ocean color image within 

a 24- hour period. The software then could 

determine the optimal path to map the tur-

bid plume. Such efforts were coordinated 

through a Web portal that provided an 

access point for the observational data and 

model forecasts. Researchers could use the 

CI software in tandem with the Web data 

portal to assess the performance of individ-

ual numerical model results, or multimodel 

ensembles, through real- time comparisons 

with satellite, shore- based radar, and in situ 

robotic measurements. 

Testing CI Outputs

To try out the CI’s capabilities, scientists 

investigated the program’s ability to remotely 

coordinate the mission of an array of AUVs 

that were acoustically networked. Scientists 

on shore in New Jersey used satellite data 

to defi ne an operations area, which was for-

warded to planners at the NASA/California 

Institute of Technology’s Jet Propulsion Lab-

oratory (Pasadena), who in turn e-mailed 

hourly AUV deployment instructions back to 

A New Paradigm for Ice Core 
Drilling

The search for answers to questions about 

the changing climate has created an urgent 

need to discover past climate signatures 

archived in glaciers and ice sheets, and to 

understand current ice sheet behavior. Rec-

ognizing that U.S. scientifi c productivity in 

this area depends upon a mechanism for 

ensuring continuity and international coop-

eration in ice coring and drilling efforts, 

along with availability of appropriate drills, 

drilling expertise, and innovations in drilling 

technology, the U.S. National Science Foun-

dation (NSF) has established the Ice Drill-

ing Program Offi ce (IDPO) and its partner, 

the Ice Drilling Design and Operations group 

(IDDO), together known as IDPO/IDDO. 

This approach to integrated research and 

technology planning and delivery replaces 

the prior approach to drilling, which 

involved a series of contracts that lacked 

integrated planning that NSF had with for-

mer drilling contractors, the Polar Ice Cor-

ing Offi ce (PICO) and Ice Coring and Drill-

ing Services (ICDS). Previously, NSF had no 

way to forecast what science the community 

would propose— they would get compel-

ling climate proposals that needed ice cores 

for data, but in many cases there was not 

an existing drill that could retrieve the core 

needed in the proposal. Constructing the 

needed drill— a process that takes years— 

forced science objectives to be put on hold. 

Now the science community is able to give 

feedback on its needs to IDPO/IDDO con-

tinually, allowing those who develop drill-

ing technology to begin designing and con-

structing drills that scientists will need for 

the science proposals that they will submit 

years in the future. As such, IDPO/IDDO rep-

resents a new paradigm for integrated sci-

ence and science support. 

Drilling in Support of Science Projects

Scientists who expect that they will need 

funding for a project in any discipline that 

will need ice drilling or coring support 

should sign on to the IceDrill.News elec-

tronic mailing list (available through http:// 

www . icedrill .org) and review the current 

draft Long Range Science Plan posted on 

the Web site. If goals scientists want to pro-

pose are not yet part of the plan, they should 

contact IDPO by sending an e-mail to ice-

drill@  dartmouth .edu with a short white 

paper that articulates the science they 

would like to include in the update of the 

Long Range Science Plan. These requests 

are reviewed, vetted with the community 

and with the IDPO Science Advisory Board, 

and, if they have community support, are 

included in the next version of the science 

plan, which is updated yearly in the spring. 

To request specifi c drilling services, sci-

entists must download a support request 

form from the IDPO/IDDO Web site (http:// 

www . icedrill .org/scientists/scientists.shtml), 

fi ll it out, and submit it at least 4 weeks in 

advance of any given research proposal due 

date if the proposal is for the use of an exist-

ing drill, and at least 6 weeks in advance if 

the proposal involves the development of a 

new drill or drilling system.

As a rule, letters of support and cost esti-

mates from IDPO/IDDO should be included 

as supplementary documents with any given 

science proposal, to reassure proposal 

review committees and funding agencies 

that drilling support can be provided to the 

projects if approved. For ice coring and drill-

ing support for science not funded by NSF, 

IDPO will coordinate funding support with 

the requesting agency prior to drill commit-

ment, and scientists should follow the same 

procedure for drilling support just described. 

NSF-supported scientists will have fi rst prior-

ity for uses of IDPO/IDDO resources. 

Advisory Boards and Science Plans

The IDPO has a Science Advisory Board 

(SAB), composed of scientists from research 

communities who need ice coring or drill-

ing to achieve their science objectives. SAB 

composition is representative of the varied 

areas of science in those research communi-

ties. SAB members work with IDPO to estab-

lish and maintain the IDPO Long Range 

Science Plan, which articulates the scien-

tifi c goals and future directions of the mul-

tidisciplinary research community includ-

ing a planning schedule for drill use and 

development. 

Science described in the current Long 

Range Science Plan fi ts into four broad cat-

egories: climate; ice dynamics and history; 

the sub-ice environment; and ice as a sci-

entifi c observatory. A companion plan, the 

IDDO Long Range Drilling Technology Plan, 

discusses details of the drills and new devel-

opment driven by the IDPO Long Range 

Science Plan. The ice drilling technology 

Fig. 1. Mike Waszkiewicz (right), driller for Ice Drilling Design and Operations, drills an ice core 
in blue ice at Allan Hills, East Antarctica using the Badger-Eclipse drill while John Higgins (left), 
a member of the research staff at Princeton University, makes preparations to pack the core. 
The ice core will be used to reconstruct details of past climate changes and greenhouse gas 
concentrations. Photo by Andrei Kurbatov.
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described in the Long Range Drilling Tech-

nology Plan spans the use of the multiton 

Deep Ice Sheet Coring (DISC) drill for deep 

drilling projects such as the West Antarctic 

Ice Sheet Divide, to shallow drilling endeav-

ors using hand augers, and beyond, to iden-

tifi cation of new drilling tools not yet in 

existence. IDDO is aided by the advice of 

technical experts in drilling on the Tech-

nical Advisory Board (TAB). At least one 

member of the SAB attends the TAB meet-

ings, and vice versa. Both the Long Range 

Science Plan and the Long Range Drill-

ing Technology Plan are living documents; 

major updates with broad community input 

are written yearly in the spring. 

Communication and Information Exchange

IDPO/IDDO members attend science 

meetings to exchange information with the 

research community. The http://icedrill.org 

Web site serves as a resource for the sci-

ence community and the public and as a 

gateway for all information on U.S. ice cor-

ing and drilling activities, including links 

to the Web pages of the individual cor-

ing and drilling science projects and to 

other resources. IceDrill.News is an elec-

tronic mailing list for IDPO/IDDO activi-

ties designed to keep the community well 

informed about ice drilling projects; any-

one can sign up via links at http://  icedrill 

.org. The IDPO has an education program 

manager, who coordinates a variety of edu-

cational outreach programs on behalf of, 

and in collaboration with, the ice coring 

and drilling research community.

A Coordinated Approach

The actions of NSF to establish the new 

paradigm embodied in IDPO/IDDO for sci-

entifi c coordination and integrated science/

drilling technology planning and execution 

are a testament to both the productivity of 

the interdisciplinary science community and 

the importance of ice sheets and glaciers in 

pursuing questions on the forefront of sci-

ence today. Scientists are encouraged to 

learn more from http:// www . icedrill .org and 

to sign up for the IceDrill.News electronic 

mailing list. Scientists are also encouraged 

to contact IDPO/IDDO by e-mail through ice-

drill@  dartmouth .edu to add their future sci-

ence requirements to the IDPO Long Range 

Science Plan, and to request IDPO/IDDO 

cost estimates and letters of support when-

ever ice coring or ice drilling is needed for a 

science project funded by NSF or others. 

—MARY ALBERT, Thayer School of Engineer-

ing, Dartmouth College, Hanover, N. H.; CHARLES 
BENTLEY, Department of Geoscience, University of 

Wisconsin- Madison; and MARK TWICKLER, Climate 

Change Research Center, University of New Hamp-

shire, Durham

at- sea teams on boats off New Jersey. Each 

AUV was equipped with an acoustic modem 

that enabled underwater communications 

with other AUVs. A gateway buoy allowed 

real- time communication with science per-

sonnel on a ship. This system enabled AUV 

reports of status information such as posi-

tion, speed, heading, and scientifi c sensor 

readings to be published on Google Earth™ 

and distributed to scientists around the 

United States in real time. These AUVs were 

outfi tted with software that enabled them to 

access the available onboard data to autono-

mously adapt to the environmental features 

measured by scientifi c sensors. 

Another test of the CI was to try to coordi-

nate sampling between underwater gliders 

and the space- based Hyperion imager fl ying 

on the Earth Observing- 1 (EO- 1) (http:// eo1 

.gsfc .nasa .gov) spacecraft. Hyperion images 

have a footprint of 7.5 × 100 kilo meters, 

with a spatial resolution of 30 meters. This 

small spatial footprint makes it diffi cult to 

ensure that instruments closer to the ground 

are present for in situ verifi cation measure-

ments. The Hyperion swath can be adjusted 

to survey different regions, and therefore 

there is a possibility to mobilize in situ 

assets and simultaneously adjust the satel-

lite sampling region to be coincident. Dur-

ing the fi eld experiment, observational data 

and multimodel forecasts were analyzed to 

determine an optimal redirection for the sat-

ellite. These new coordinates were used by 

the EO- 1 Web- based capability to change 

the spacecraft’s surveying patterns (http:// 

ase .jpl .nasa .gov). A 48- hour model forecast 

was then used by the CI software to colocate 

any gliders and plan their paths within the 

new EO- 1 Hyperion swath. Two gliders were 

successfully moved to the swath; other glid-

ers, which were not capable of reaching the 

swath, were diverted to accomplish other 

science missions. 

Improving the Ease of Science

OOI’s CI represents a major technology 

breakthrough in simultaneously coordinat-

ing satellite and underwater assets guided by 

multimodel forecasts. It provides a machine- 

to- machine interactive loop driven by a geo-

graphically distributed group of scientists. 

As the number of ocean observatories 

increases globally, a sophisticated and scal-

able CI will be required. The OOI CI will 

provide functionality, allowing scientists to 

manage the complex networks while opti-

mizing the science data being collected. The 

CI will also provide pathways to link other 

ocean networks, allowing more distrib-

uted groups to interact. The resulting global 

sensor net will be a new means to explore 

and study the world’s oceans by providing 

scientists with real- time data that can be 

accessed via any wireless network. 

—OSCAR SCHOFIELD and SCOTT GLENN, Institute 

of Marine and Coastal Sciences, Rutgers Univer-

sity, New Brunswick, N. J.; E- mail: oscar@  marine 

. rutgers .edu; JOHN ORCUTT, MATTHEW ARROTT, 

and MICHAEL MEISINGER, Scripps Institution of 

Oceano graphy and California Institute for Telecom-

munications and Information Technology, University 

of California, San Diego, La Jolla; AVIJIT GANGOPAD-
HYAY and WENDELL BROWN, School for Marine Sci-

ence and Technology, University of Massachusetts 

Dartmouth, New Bedford; RICH SIGNELL, Coastal and 

Marine Geology Program, U.S. Geological Survey, 

Woods Hole, Mass.; MARK MOLINE, Center for Coast-

al Marine Sciences, California Polytechnic State Uni-

versity, San Luis Obispo; YI CHAO, STEVE CHIEN, and 

DAVID THOMPSON, Jet Propulsion Laboratory, NASA/

California Institute of Technology, Pasadena; ARJUNA 
BALASURIYA and PIERRE LERMUSIAUX, Applied 

Ocean Science and Engineering, Massachusetts 

Institute of Technology, Cambridge; and MATTHEW 
OLIVER, School of Marine Science and Policy, Col-

lege of Earth, Ocean, and Environment, University of 

Delaware, Lewes
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NEWS
In Brief

Tsunami preparedness progress Since 

the devastating Indian Ocean tsunami in 

2004, the United States has made progress 

in several areas related to detecting and 

forecasting tsunamis, including the expan-

sion of a sensor network and improvements 

to hazard and evacuation maps. However, 

many U.S. coastal communities “still face 

challenges in responding to a tsunami that 

arrives in less than an hour after the trigger-

ing event,” according to a National Research 

Council report released on 16 September.

The report, Tsunami Warning and Pre-

paredness: An Assessment of the U.S. Tsu-

nami Program and the Nation’s Preparedness 

Efforts, recommends that the U.S. National 

Oceanic and Atmospheric Administration 

and its National Tsunami Hazard Mitiga-

tion Program partners work to complete an 

initial assessment of tsunami risk, among 

other measures. The report also indicates 

research efforts to improve tsunami educa-

tion, preparation, and detection. The report 

is available at http:// www .nap .edu/  catalog 

. php ? record _ id = 12628.

Improving science education Over the 

course of the next decade, 100,000 science, 

technology, engineering, and math (STEM) 

teachers should be recruited in the United 

States, and 1000 new STEM- focused schools 

should be created, according to a 16 Septem-

ber report, “Prepare and inspire: K- 12 educa-

tion in science, technology, engineering, and 

math (STEM) for America’s future.”

Noting that the U.S. lags behind other 

nations in STEM education at the elementary 

and secondary levels, the report, prepared 

by the President’s Council of Advisors on 

Science and Technology, also recommends 

improving federal coordination and leader-

ship on STEM education and supporting a 

state- led movement for shared standards in 

math and science. The release of the report 

coincides with President Barack Obama’s 

announcement of the launch of Change 

the Equation, an organization that aims 

to help with math and science education. 

More information is available at http:// www 

. whitehouse . gov/  administration/  eop/  ostp 

and http://  www . changetheequation .org/.

—RANDY SHOWSTACK, Staff Writer

Correction

In the news item “Report calls for cli-

mate panel reforms” in the 7 September 

2010 issue of Eos (91(36), 315), the com-

mittee chair of the Inter-Academy Coun-

cil report should have been identifi ed 

as Harold Shapiro. 

Eos regrets this error.




