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The Internet- driven evolution of commu-

nication and science technologies coincides 

with a parallel evolution in environmen-

tal policy and natural resource manage-

ment. Resource managers must deal increas-

ingly with land use and conservation plans 

applied at large spatial scales (watersheds, 

landscapes, states, regions) involving mul-

tiple interacting agencies and stakeholders. 

Many federal, state, and private organiza-

tions have similar objectives, questions, and 

data and analysis needs. This is motivating 

the development of community- supported 

watershed databases and analysis systems 

of common structure and function across 

large geographic areas. Numerous state and 

regional analysis systems are targeting natu-

ral resource issues involving management of 

forests, freshwater fi shes, wildlife, and water 

quality and supply. 

This Forum examines how environmental 

policies and natural resource management 

in the Pacifi c Northwest (PNW) region of 

the United States are motivating the develop-

ment of Web- based, community- supported 

watershed databases and analysis systems. 

Competing land uses involving hydropower, 

urbanization, logging, and agriculture—jux-

taposed with the need to support sustain-

able ecosystems—have promulgated wide-

 ranging resource management programs. 

The Pacifi c Northwest Electric Power Plan-

ning and Conservation Act [U.S. Congress, 

1980] addresses effects of hydroelectric 

dams on fi sh and wildlife within the Colum-

bia River basin, a 500,000- square- kilometer 

region. Stakeholders involved with conserva-

tion of Pacifi c salmonids across the Colum-

bia basin include the Bonneville Power 

Administration, the Northwest Power Plan-

ning Council, state governments of Idaho, 

Montana, Oregon, and Washington, Native 

American tribes in the region, the U.S. 

National Oceanic and Atmospheric Admin-

istration’s National Marine Fisheries Service, 

and the U.S. Fish and Wildlife Service.

Partially overlapping this large geo-

graphic area are federal forest lands along 

the coastal PNW where concern about the 

effects of logging on salmon and other spe-

cies (spotted owl) led to the Northwest For-

est Plan (NWFP) [U.S. Department of Agri-

culture Forest Service, 1994]. The NWFP 

coordinates the management of lands 

administered by the Forest Service and the 

Bureau of Land Management to achieve 

both ecosystem protection and development 

of forest products across an area extending 

from western Washington to California that 

encompasses about 100,000 square kilome-

ters. Nongovernmental organizations such as 

the Wild Salmon Center, Ecotrust, and The 

Nature Conservancy have developed con-

servation initiatives across the PNW region 

(overlapping the aforementioned administra-

tive areas) and extending along the Pacifi c 

Rim into Canada, eastern Russia, and north-

ern Japan to address habitat use of far-

 ranging species such as the Pacifi c salmon.

The large- scale environmental and natu-

ral resource programs in the PNW region 

have several key features: (1) common land 

use and conservation objectives, (2) over-

lapping administrative programs of mul-

tiple agencies and organizations involving 

multiple species, and (3) similar database 

and analysis tool requirements. These three 

commonalities among natural resource pro-

grams motivate the need for similar water-

shed databases (e.g., stream networks, veg-

etation, roads, and so forth) and analysis 

tools that utilize those databases (e.g., fi sh 

habitat quality, erosion potential, fi sh migra-

tion blockages, and so forth).

Coevolution of Watershed Science 
and Natural Resource Management

Watershed science has evolved in con-

junction with natural resource policies. 

Starting points for the integration of sci-

ence with land use policies at large scales 

are federal-  and state- sponsored watershed-

 analysis- style basin assessments [e.g., Reid 

and McCammon, 1993; Washington Forest 

Practices Board (WFPB), 1997; Oregon Water-

shed Enhancement Board, 1999]. These pro-

vide information to guide resource manage-

ment, conservation, and restoration. This 

approach, however, cannot be applied prac-

ticably at the large spatial scales of today’s 

expanded land use and environmental pro-

grams. Watershed analysis (based on the 

methodologies cited above) can be prohibi-

tively expensive and time consuming, and it 

can produce information that is geographi-

cally spotty and inconsistent from one water-

shed to another. For example, in Washing-

ton only 13% of the state was covered by its 

watershed analysis program [WFPB, 1997] 

from 1993 through 2000; after 2000, the pro-

gram became moribund due to cost and 

time constraints. Geographically extensive 

databases—including the National Elevation 

Dataset (NED; http://  ned . usgs . gov) and the 

National Hydrography Dataset (NHD; http:// 

 nhd . usgs . gov/  applications . html)—lack key 

attributes relevant to the watershed sciences, 

such as habitat type and abundance, and 

they also lack analysis capabilities to char-

acterize processes such as wildfi re, erosion, 

and riparian functions. Moreover, the anal-

ysis tools and data to obtain relevant attri-

butes to natural resource management are 

often not widely available or user friendly.

Nationally, the watershed science com-

munity is developing large- scale digital data-

bases and modeling platforms to bolster the 

integration of science and technology with 

resource management. Examples of digital 

data systems include Michigan State Univer-

sity’s Digital Watershed tool (http://  www . iwr 

. msu . edu/  dw/), the Consortium of Universi-

ties for the Advancement of Hydrologic Sci-

ence, Inc.’s Hydrologic Information System 

(http://  www . cuahsi . org/  his . html), and the 

Community Hydrologic Modeling Platform 

(CHyMP) [Famiglietti et al., 2008]. These pro-

grams can utilize the U.S. Geological Sur-

vey’s NED and NHD.

New Initiatives: Geographically Focused, 
Application- Oriented Systems 

The commonalities of large- scale envi-

ronmental programs in conjunction with 

recent advances in science and technol-

ogy pertinent to the watershed sciences 

(e.g., watershed process models, fast com-

puters, and advanced geographic informa-

tion system (GIS) technology) can moti-

vate and underpin future efforts in applied 

watershed science. One aspect of that future 

is community- supported, geographically 

focused, and application- oriented analysis 

systems. Community- supported programs 

require multiple stakeholder support and 

the use of collective databases and analysis 

tools. A community- supported system would 

(1) promote computer analyses of univer-

sal watershed attributes (hillslope morphol-

ogy, stream morphology, road networks, 

vegetation, climate, and so forth) to create 

geographically extensive and uniform land-

scape databases of common structure that 

can cross- reference other digital databases 

(for example, the NHD), incorporate data 

from user- supplied analyses and fi eld efforts, 

and provide data to user- supplied models 

and fi eld studies; (2) support user- friendly 

analysis tools that use landscape databases 

to inform resource management, includ-

ing applications in forestry, fi sheries, wild-

fi re planning, grazing, restoration, monitor-

ing, research, and education; and (3) rely 

on stakeholder design, implementation, and 

maintenance of shared databases and analy-

sis tools.

Watershed database and analysis systems 

that are based on the three components 

above could be applied in an application-

 oriented and geographically focused way 

that targets specifi c stakeholders and par-

ticular purposes. For instance, a community 

analysis and database system developed 

for natural resource management and envi-

ronmental applications in the PNW region 

would serve practitioners in forestry, prewil-

dfi re and postwildfi re planning, restoration, 

water supply planning, and environmen-

tal regulation. Analysis tools and databases 

would emphasize watershed attributes per-

taining to aquatic habitats, erosion, fl ood-

ing, water quality, stream temperature, and 

organic fl ux into streams over a range of 

spatial scales. The focus of application-

 oriented systems would be on development 

of applied tools and watershed databases 

with a specifi c structure and set of attri-

Honors
Four AGU members were elected as mem-

bers of the U.S. National Academy of Sci-

ences at its April annual meeting: David L. 
Kohlstedt, Institute of Technology Distin-

guished Professor of Geology and Geophys-

ics and head, N. H. Winchell School of Earth 

Sciences, University of Minnesota, Minneap-

olis; François M. M. Morel, director, Cen-

ter for Environmental Bioinorganic Chem-

istry, and Albert G. Blanke Jr. Professor of 

Geosciences, Department of Geosciences, 

Princeton University, Princeton, N. J.; Ellen S. 
Mosley- Thompson, professor, Department 

of Geography, and senior research scientist, 

Byrd Polar Research Center, Ohio State Uni-

versity, Columbus; and Peter M. Shearer, 

professor of geophysics, Institute of Geophys-

ics and Planetary Physics, University of Cali-

fornia, San Diego, La Jolla.

In addition, the Academy elected as a 

foreign associate Kurt Lambeck, Distin-

guished Professor of Geophysics, Research 

School of Earth Sciences, Australian 

National University, Acon, Australia.

G E O P H Y S I C I S T S

Obama Indicates Strong Support for 
Science In remarks delivered at the U.S. 

National Academy of Sciences (NAS) annual 

meeting on 27 April, U.S. President Barack 

Obama indicated his administration’s strong 

support for science and for pursuing a clean 

energy economy, and he announced a goal 

that the United States “will devote more 

than 3% of our [gross domestic product] to 

research and development.” 
“This represents the largest commitment to 

scientifi c research and innovation in Ameri-

can history,” Obama said, noting that the 

American Recovery and Reinvestment Act 

already is providing the nation with its largest 

single boost to investment in basic research.

Obama said innovation is key in develop-

ing new technologies to produce, use, and 

save energy, and that “our future on this 

planet depends on our willingness to address 

the challenge posed by carbon pollution.” 

“There will be no single Sputnik moment for 

this generation’s challenges to break our depen-

dence on fossil fuels,” he told the scientists gath-

ered in Washington, D. C. “But energy is our 

great project, this generation’s great project.” 

Among those accompanying Obama to the 

NAS meeting were John Holdren, director of 

the White House Offi ce of Science and Technol-

ogy Policy (OSTP); Jane Lubchenco, adminis-

trator of the National Oceanic and Atmospheric 

Administration; Steven Chu, secretary of energy; 

Lawrence Summers, director of the National 

Economic Council; and Nina Fedoroff, science 

adviser at the State Department.

Obama also elaborated on a 9 March execu-

tive memorandum regarding scientifi c integ-

rity. “Under my administration, the days of sci-

ence taking a back seat to ideology are over,” 

he said. “To undermine scientifi c integrity is 

to undermine our democracy. It is contrary to 

our way of life.” Obama indicated that Holdren 

and OSTP are leading a new effort to ensure 

that federal policies are based on the best and 

most unbiased scientifi c information.

Obama announced that the President’s 

Council of Advisors on Science and Technol-

ogy (PCAST) will be cochaired by Holdren; 

Eric Lander, director of the Broad Institute 

of the Massachusetts Institute of Technol-

ogy and Harvard University; and Harold Var-

mus, former head of the National Institutes of 

Health. Among the other members of PCAST 

are several AGU members: Rosina Bierbaum, 

dean of the School of Natural Resources and 

Environment at the University of Michigan; 

Mario Molina, professor of chemistry and bio-

chemistry at the University of California, San 

Diego; and Daniel Schrag, Sturgis Hooper 

Professor of Geology in the Department of 

Earth and Planetary Sciences at Harvard Uni-

versity and professor of environmental sci-

ence and engineering in the School of Engi-

neering and Applied Sciences.

The president announced several new ini-

tiatives, including the Advanced Research 

Projects Agency for Energy, or ARPA-E. 

Based on the Defense Advanced Research 

Projects Agency (DARPA), the new agency 

would also seek to do high-risk, high-reward 

research. He also announced that states 

making strong commitments and progress 

in math and science education will be eligi-

ble to compete later this year for additional 

funds under the secretary of education’s 

$5 billion “Race to the Top” program. The 

president indicated he will participate in a 

public awareness and outreach campaign 

to encourage students to consider careers in 

science, math, and engineering.

Obama also noted that the goal of 

strengthening U.S. science efforts will 

require the efforts of the broad scientifi c 

community, and not just government. “Today 

I want to challenge you to use your love and 

knowledge of science to spark the same 

sense of wonder and excitement in a new 

generation,” he said, urging scientists to 

spend time in classrooms and participating 

in educational programs.

—RANDY SHOWSTACK, Staff Writer
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butes necessary for addressing a fi nite set of 

critical issues.

Existing examples illustrate aspects of 

geographically focused systems. The Infor-

mation Center for the Environment at the 

University of California, Davis (ICE; http://  ice 

. ucdavis . edu/) provides resources for water-

 related projects throughout California. The 

Klamath (River) Resource Information Sys-

tem (KRIS; http://  www . krisweb . com/) pro-

vides information and databases relevant to 

fi sheries and water quality for watersheds 

along the northwest coast of California. 

The Northwest Forest Plan data repository 

(http://  www . blm . gov/  or/gis/  data . php) and 

the Oregon Coastal Landscape Analysis and 

Modeling Study (http://  www . fsl . orst . edu/ 

 clams/) provide resources specifi cally for 

the management of coastal PNW forests. 

Moving further along in the integration of 

the three components outlined above, two 

authors of this report (Benda and Miller) are 

coordinating development of NetMap (http:// 

 www . netmaptools . org), a coupled watershed 

database and analysis system designed to 

support resource management, restoration, 

and conservation in the Pacifi c Northwest 

[Benda et al., 2007]. Application- oriented 

systems require the ability to communicate 

with larger national efforts (e.g., CUAHSI, 

CHyMP, NHD). This could be accomplished 

by using universal languages, such as CUAH-

SI’s WaterML, or by incorporating the ability 

to transfer data across diverse GIS systems 

and data layers.

Advantages of Application- Oriented 
Systems

Access to a geographically focused and 

application- oriented database would allow 

users in different locations and with dif-

ferent concerns to quickly access similar 

types of information in a consistent format. 

The use of uniform tools that analyze dis-

similar watersheds in similar ways can pro-

mote common methodologies, vocabularies, 

and problem- solving techniques, serving to 

increase communication and collaboration 

within and among agencies and stakehold-

ers. A regional database and analysis system 

could support existing analysis and regula-

tory programs, including watershed anal-

ysis–style basin studies, the U.S. Environ-

mental Protection Agency’s Total Maximum 

Daily Load program, and statewide habitat 

restoration activities.

By contributing to the development of a 

geographically extensive community data-

base, agencies and groups could pool their 

resources, thereby sharing costs, increas-

ing availability of the highest- resolution data 

and most advanced tools, and providing 

smaller groups—such as local watershed 

councils—with data and tools they could 

not otherwise afford. Shared resources 

can contribute to economic effi ciency by 

creating geographically extensive and coor-

dinated prioritization strategies for habitat 

restoration, road maintenance and aban-

donment, and prewildfi re and postwild-

fi re management planning. User input to a 

community- supported system will promote 

evolution in tool design based on specifi c 

needs and current shortcomings.

The tools and data to assemble geograph-

ically focused and application- oriented 

watershed data and analysis platforms exist 

today, and efforts to integrate databases 

with analytical tools for land use and con-

servation decision support are under way. 

Local projects can contribute to a commu-

nity database and analysis system if data 

acquisition and metadata requirements are 

managed in a central (Web- based) location, 

consistent methods are used to synthesize 

the data into forms usable by widely avail-

able analysis tools, and protocols for data 

storage and distribution are established. Ini-

tially, such systems could be desktop and 

client based, particularly if linked with com-

monly used desktop GIS software, but over 

time could be hosted by Web servers.
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Important aspects of climate change in 

the 21st century will involve interactions 

between ocean circulation and the global 

hydrological cycle, and their links to land 

surface hydrology, the cryosphere, the atmo-

sphere, and other realms. The Aquarius/ 

Satelite Aplicaciones Cientifi cas- D(SAC- D) 

satellite mission is a multidisciplinary obser-

vatory that will provide measurements of 

ocean salinity, ocean winds, rain, sea ice, 

land/ sea surface temperatures, soil mois-

ture, nighttime light sources, atmospheric 

temperature/ humidity soundings, and the 

space environment, as well as autonomous 

data relay from remote ground stations. 

Scheduled for launch in May 2010, the proj-

ect involves international contributions 

by Argentina, United States, Italy, Canada, 

France, and Brazil, and has an active pub-

lic awareness and education program (see 

http://  www . conae . gov . ar/  satelites/  sac -  d . html 

and http://  aquarius . gsfc . nasa . gov). 

The 4th Aquarius/ SAC- D Science Work-

shop was convened to further prepare the 

scientifi c community for the mission and sci-

entifi c applications, and to enhance cooper-

ation between scientists from different coun-

tries in order to form an Aquarius/ SAC- D 

mission user’s network. More than 90 scien-

tists attended, representing Argentina, United 

States, Italy, Canada, France, Spain, Brazil, 

Chile, and Uruguay. The conference also pro-

vided a special tribute to F. Raul Colomb, 

original principal investigator for Argentina’s 

SAC- C and SAC- D missions, who passed away 

on 4 May 2008 after a yearlong illness. 

The opening day of the workshop featured 

a presentation of Argentine government sup-

port for sponsored research, followed by ple-

nary lectures on broader scientifi c themes rel-

evant to the Aquarius/ SAC- D measurements, 

including (1) salinity, climate, and the hydro-

logical cycle; (2) South Atlantic Climate Vari-

ability and Predictability ( CLIVAR) activities; 

(3) ocean environment, biological resources, 

and fi shing; (4) sea ice and the polar ocean 

climate; (5) soil moisture; and (6) natural 

hazards and emergency management. 

The second day of the conference was 

devoted to technical briefi ngs about each 

sensor, calibration methods, and algorithms, 

as well as synergy with the European Soil 

Moisture and Ocean Salinity (SMOS) mis-

sion. On the third day, working groups dis-

cussed ocean, climate, and land processes; 

as well as instruments and algorithms. A 

tutorial on passive microwave remote sens-

ing was also presented. 

Throughout the conference, participants 

analyzed the synergies among all the obser-

vatory instruments and with other missions, 

and considered a comprehensive list of 

applications. These applications include, for 

example, studies of water cycle, evapora-

tion minus precipitation, rivers, sea surface 

salinity, ocean fronts and eddies, El Niño– 

Southern Oscillation prediction, hydrologi-

cal applications and water resources man-

agement, fl ood and drought cycles, soil 

moisture, detection of environmental vari-

ables for plague and pest monitoring and 

forecasting, fi re risks, heat islands in urban 

environments, hot spots for carbon fl ux, 

extreme event fi res, and volcano monitoring. 

The workshop also fostered international 

collaborations and the formation of investi-

gator partnerships that could be proposed 

for the Aquarius/ SAC- D mission science 

team. The open process for soliciting pro-

posals and selecting the international sci-

ence team through coordinated announce-

ments between NASA, the Argentine space 

agency (Comisión Nacional de Actividades 

Espaciales ( CONAE)), the Argentine Minis-

try of Science, Technology and Productive 

Innovation ( MinCyT), and the Italian Space 

Agency (Agenzia Spaziale Italiana (ASI)) 

is publically available at http://  www . conae 

. gov . ar/  SAC- D  _AQ  _AO/  index . html. Monica 

Rabolli (CONAE) was the principal orga-

nizer of the workshop. Meeting presentations 

and working group summaries are posted on 

the workshop Web site (http://  www . conae 

. gov . ar/  AQ  _SAC  - D  _4thScienceWS/  Agenda 

. pdf). 

—GARY LAGERLOEF, Earth & Space Research, 
Seattle, Wash.;  E-mail: lager@  esr . org; SANDRA TOR-
RUSIO, Comisión Nacional de Actividades Espacia-
les, Buenos Aires, Argentina

Satellite Mission to Study Ocean Salinity 
and the Global Hydrological Cycle
4th Aquarius/SAC- D Science Workshop; 

Puerto Madryn, Argentina, 3–5 December 2008
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