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Title Slide 
. Good evening. I am pleased to be with you. 
[Recognition of AGU organizers, hosts, etc.]  

. I have previously been honored to stand on various stages at AGU meetings in several roles. This evening, I am pleased and very honored to be with you as the 15th director of the U.S. Geological Survey. 

. In assuming this new role of directing a large federal science organization with approximately 9,000 employees and a billion dollar budget, I've had to answer a lot of questions. 

. From my old colleagues in academia, I’ve heard, “How can you conduct real science research within the confines of legislated budget allocations and the associated bureaucracy?” 

. From my new friends in Congress and new colleagues in the Department of the Interior, I hear, “How will your leadership ensure that USGS science produces results that matter in helping to formulate difficult public policy decisions that affect natural resources and the environment?”  

Slide 2 – Pasteur’s Quadrant
. It seems almost natural to assume there is an inherent tension between pure, inquiry-based research and use-inspired, socially relevant research. I think there is a place for both in publically-funded science.  

. In 1997, Donald Stokes outlined the challenge for government science based on public expenditures - also known as tax money – in a work that I think many in this audience will recognize. Stokes points to Louis Pasteur’s research as a model of research that bridges the gap between "basic" and "applied" research for the unalloyed public good.

. Pasteur (1822-1895), you will recall, was a French chemist and microbiologist who was renowned for much more than inventing a method to stop milk from causing sickness. He created the first vaccine for rabies. His experiments supported the germ theory of disease. And he is regarded as one of the founders of the science of microbiology. 

. I believe that many of the science challenges that confront the American people and people around the globe – climate change, finding new energy sources, diminished natural resources, understanding natural hazards, to name a few – lie at this junction of basic research and socially relevant research. This is the conceptual crossroad where USGS science can provide important contributions. So I am more than pleased – I’m passionately enthused – to be the USGS Director at this critical time.
Donald E. Stokes, Pasteur's Quadrant - Basic Science and Technological Innovation, Brookings Institution Press, 1997. 
Slide 3 - USGS Mission
. The traditional mission of the USGS is to conduct scientific research on natural hazards, monitor the status of natural resources, and analyze how human activity affects the natural environment. The diversity of our expertise – especially in the fields of geology, hydrology, biology, and geography – enables us to carry out large scale, multi-disciplinary investigations. We provide impartial scientific information to other scientists, resource managers, and planners in government agencies, in industry, academia, non-profit organizations, and to the public at large. 

. Now, let me emphasize one thing before we continue. The long-term, extensive, consistent databases for which the Survey is so well known and the most avant-garde science at USGS – the highly innovative science that we are highlighting today – are not mutually exclusive or even competitive. Indeed, they accelerate each other; they are mutually supportive.   

.  By this point, you’re starting to wonder, “That’s well and good. Appropriate to have some organizational context. But where is the cool stuff, the extreme science, she promised in the title?”  I admit, I’ve asked that question, too, in my first six weeks at the Survey. So I confess, I’ve used this speaking opportunity to satisfy my own curiosity by asking our scientists to submit what they believe is the most innovative, most cutting-edge, the ground-breaking science USGS conducts. I’ve wanted to get a sense of it, too.   

. So let’s get to it. Without further ado. After three caveats. 
Slide 4 - Extreme Science – Omissions and Caveats

.  First, there is no mention here of the pioneering work we do in computer simulation or modeling, in data standardization or integration, only because, frankly, those topics don’t convey well visually. As vital as it is, there are no stunning pictures of standardized data.  

.  Secondly, you likely know that USGS is a space agency, that we operate Landsat satellites 5 and 7 in cooperation with NASA. Obviously, observing the Earth from 440 miles in space is by most standards extreme science but we intentionally haven’t included it here to give other science techniques and perspectives more exposure.  

. Third, there are many other worthy instances of extreme USGS science that are omitted here for one reason or another. There is simply not time to consider all of them. But what follows is a representative and, in my view, inspiring look at the far from ordinary science we perform at USGS to gain a deeper understanding of our world.

Slide 5 - Lidar – A Range of National Applications 

. In the last few years, Lidar has become one of our most versatile and exciting tools. It’s used in many parts of the country for many different purposes. Let’s look a bit further at lidar.

. Lidar, the acronym for LIght Detection And Ranging, uses the same principle as radar. The lidar instrument transmits light out to a target. The transmitted light interacts with and is changed by the target. The change in the properties of the light enables us to determine various properties of the target and the time for the light to travel out to the target and back to the lidar instrument is used to determine the range to the target. 
Lidar contacts:

Gerald Bawden, gbawden@usgs.gov
Greg Snyder, gsnyder@usgs.gov
Jason Stoker, jstoker@usgs.gov
Slide 6 - Lidar – Infrastructure

. For mapping and geospatial analysis, lidar data can be combined with detailed optical imagery to yield precise structural depictions of buildings and other infrastructure.

Slide 7 - Lidar – Natural and Human-Caused Disasters

. Accurate lidar measurements can be used in determining the causes and consequences of disasters. 
  

Slide 8 - Lidar – Snow Depth Change..Climate Modeling

. In this illustration, Lidar is being used to precisely monitor the snow pack in the Sierras. 

Slide 9 - Lidar – Landcover 

. The energy returned from a lidar pulse produces position and intensity information.  Differences in intensity can help identify landcover types, such as grass, trees, different roof types, water, and so on.

Slide 10 – Lidar – Penetrating Tree Canopy.. Map Terrain

. Lidar energy can travel through small openings in forest canopy to characterize the underlying terrain.  Along the way, the energy interacts with the vegetation allowing its horizontal and vertical structure to be mapped.
Slide 11 - Lidar – Vegetation Structure

. Lidar can provide detailed vegetation metrics are useful for habitat assessment, conservation, biomass and ecological carbon studies.

Slide 12 - Earthquake Early Warning

. In the next 30 years, there is a 99 percent chance of a magnitude-6.7 or larger earthquake in California. More than 25 million people are at risk from future major earthquakes along California’s major faults.

. The USGS is working with the ANSS (Advanced National Seismic System) California Integrated Seismic Network to build a prototype statewide earthquake alerting system. The goal is to provide public earthquake alerts — that is, automated warnings delivered before strong ground shaking arrives. 

____________

Contact: 
Bill Leith, wleith@usgs.gov
http://earthquake.usgs.gov/
Slide 13 – 

Airborne Geophysics of Volcanoes – Data Collection
. By integrating geophysical data with geologic mapping and landslide and lahar hazard evaluations, scientists are improving both hazards assessments and climate studies.

. Using helicopter magnetic and electromagnetic data from Mt. Adams, Mt. Baker and Mt. Rainier volcanoes, USGS scientists have been able to reveal the three-dimensional distribution of hydrothermally altered rocks, perched aquifers, and ice. 
Slide 14 - Airborne Geophysics of Volcanoes – Results
. This information that is helping us to better understand water supplies and climate in addition to volcano hazards such as debris flows, avalanches, lahars, flooding, and hydrothermal eruptions. 

______________

Contact:
Carol Finn, cfinn@usgs.gov
Slide 15 - Unmanned Aircraft
. In dangerous and remote areas, such as polar regions, volcanic islands, and expansive deserts, remote-controlled unmanned aircraft can provide more detailed, more timely data about environmental conditions than would be feasible by any other means. 

. That’s why USGS has established a program for Unmanned Aircraft Systems (UAS). In many cases, UAS technology is simply the most cost effective way to gather data for managing federal lands; mapping and charting; conducting environmental risk assessments; responding to and recovering from natural and human-induced disasters.

. Even in less remote areas, manned aircraft flights may not be feasible at times due to long flight durations and hazardous weather conditions. Satellite-based observations can be hindered by coarse image resolution, limited sensor capabilities, and repeat orbiting cycles of days or weeks. The use of UAS technology allows flexibility in delivering timely data at relatively low cost. 

Contact: 
Mike Hutt, mehutt@usgs.gov
Slide 16 - Understanding Atmospheric Rivers 

. Although it’s difficult to imagine as you look into a clear sky on a sunny day, the atmosphere can be riven by enormous channels, hundreds of miles wide that are very similar to the rivers that course through the landscape. 

. These so-called “atmospheric rivers" play a critical role in the global water cycle and are a key source of the moisture that falls as rain and snow in the Western states, ultimately providing fresh water through snowmelt in the dry season and during droughts. In this way, atmospheric rivers link weather and climate.  

. USGS investigations in cooperation with NOAA into the concentrations or relative changes in amounts of chemical constituents or isotopes is providing information to understand physical processes in these complex systems.  Increased understanding of these storms should improve forecasting and enable earlier warnings of these storms.

. International Atomic Energy Agency (IAEA) interest is so great that IAEA provided USGS funding for a cooperative modification of this collector for use in arid environments, especially Africa, where collection of precipitation has been very challenging.

Contact: 
Ty Coplen, tbcoplen@usgs.gov
Slide 17 – 

Prospecting Remotely: A Hyperspectral Survey of Afghanistan
. In the fall of 2007, USGS scientists conducted a nationwide airborne hyperspectral survey over Afghanistan. Carried out in collaboration with NASA, the Office of the Secretary of Defense, Afghanistan Ministry of Mines, and the U.S. Agency for International Development (USAID), this survey was the first hyperspectral survey of an entire country, the single largest hyperspectral data collection ever by any agency or organization. 

. By measuring the interaction of sunlight with materials on the Earth's surface, scientists are able to identify features related to the composition of surficial minerals, such as clays, carbonates, and alteration minerals and different kinds of vegetation. These data will aid in assessments of Afghanistan's water, mineral, coal and oil and gas resources as well as hazard assessments. The synoptic (all-at-one-time) nature of these data make them ideal for characterizing remote geographic areas.

. [Hyperspectral imaging is a remote sensing technique that measures the reflectance spectra of visible and infrared electromagnetic radiation. Patterns of reflectance and absorption across wavelengths can uniquely identify certain materials. Analysis of hyperspectral imagery can be used, for example, for mineral mapping, to detect soil chemical properties, and to identify vegetation species.]  

Slide 18 – 

Prospecting Remotely: A Hyperspectral Survey of Afghanistan
. Clearly the cost saving advantages for this airborne survey compared to more conventional surveys conducted from the ground over several years are tremendous. A conventional survey of comparable accuracy could hardly have been carried out during wartime or over such rugged terrain. 

. We look forward to putting this technology to further use right here in the United States. The ability to prospect from airplanes or, even eventually, from space has a staggering potential. 

__________________

Contacts: 
Trude Ridley, tking@usgs.gov
Ray Kokaly, raymond@usgs.gov
Slide 19 - National Map Methylmercury Concentrations 
. Here is some of what we know about mercury. We now know that for most locations the dominant source of mercury is from the atmosphere. And we know that the key process that translates low mercury loading rates into relatively high levels in the top predators of aquatic food webs is mercury methylation. 

. But resource managers and public health officials still need better options to inform the public of where elevated mercury concentrations in sport fish are more likely to occur than others. 

. To help with this problem, USGS scientists are providing the first national map of predicted (modeled) methylmercury concentrations in surface waters. The map shows clear regional trends of higher and lower methylmercury abundance. 

____________

Contact: 
David P. Krabbenhoft,  dpkrabbe@usgs.gov
Slide 20 – 
Biochar for Better Soil and for Carbon Sequestration
. You may ask, as I did, “What is biochar?”

. Biochar is charcoal created by pyrolysis (charring) of biomass. The resulting charcoal-like material is a form of biosequestration or atmospheric carbon capture and storage. Charcoal is a stable solid and rich in carbon content, and thus, can be used to lock carbon in the soil. The presence of biochar in the ground can improve water quality, increase soil fertility, and raise agricultural productivity. 

. The USGS extensive experience with pyrogenic carbon in natural organic matter has gained new importance with the growing recognition of the potential of biochar for the purpose of improving soil fertility and long-term carbon sequestration. Our efforts in making and characterizing biochars have led to a better understanding of the nature of these materials. 

. The Department of Agriculture, Department of Energy National Renewable Energy Laboratory, and the U.S. Forest Service have expressed great interest in USGS studies in this field. 

_________

Contact: Colleen Rostad, crostad@usgs.gov
Slide 21 - Plasma-Mass Spectrometer
. This plain vanilla-looking instrument has an absurdly long name – the USGS Nu Instruments HR® multi-collector-inductively coupled plasma-mass spectrometer (MC-ICP-MS). More importantly, it does amazing things. 

. It is capable of measuring stable and radiogenic, traditional and non-traditional isotopes. It opens up some fascinating research possibilities.

. We are collaborating with the EPA and several universities to research

•
tracing copper, iron, and zinc in acid mine drainage areas; 

•
mercury and lead isotopes for geochemical tracing in contaminated sites, 

•
lake sediments; and 

•
soils 

. Also, for first time, we can determine high-precision sulfur isotope ratios in fossils with low sulfur concentrations. This capability can be applied to learn more about paleoclimatic records and the evolution of ocean chemistry throughout Earth’s history. 

______________

Contact: 
Michael Pribil, mpribil@usgs.gov
Slide 22 - Water on the Moon 
. Another exciting science area recently has been USGS support for advances in “the final frontier.” USGS work in spectroscopy assisted with this year’s breakthrough discovery of water on the moon. 

. The spectral images you see on the left are from the NASA Visual and Infrared Mapping Spectrometer (VIMS) on the Cassini orbiter, which flew by the moon  way back in August 19, 1999. After 10 years of careful calibration refinements, an in-depth USGS study of spectral images obtained from space satellites and analyzed through infrared imaging spectroscopy revealed that water exists at all latitudes on the moon, including the sunlit equatorial areas.  

Contact:  
Roger Clark, rclark@usgs.gov
Slide 23 - Creating Moon Dirt at 37,000° F
. NASA wants to eventually establish a permanent lunar facility at the moon’s south pole — where astronauts will live and work as they help facilitate further exploration of the solar system. To make this dream a reality, NASA will need many tons of regolith, or moon dirt, for their preparatory experiments, but there aren’t enough samples of the real thing available on Earth from the Apollo mission to accommodate their research.

. To help NASA with this testing, the USGS created man-made regolith. Artificial regolith has been made before, but the new USGS simulant is unprecedented in its complexity and similarity to regolith found at the south pole of the moon. The artificial regolith – that is, the moon dirt – has been deemed a “mission critical” component of NASA’s moon facility development.

. To make simulated moon dirt, ground rocks with the proper moon-like mineralogy and chemistry are carefully mixed by USGS scientists and fed into a specially designed high temperature furnace. As you see here, the sand-like material melts and bubbles under the blaze of plasma torches operating at over 37,000 degrees Fahrenheit.  After mere seconds in the plasma, the material emerges as a glassy material with many of the same physical properties as real moon dirt.

Contacts:

Steve Wilson, swilson@usgs.gov
Doug Stoeser, dstoeser@usgs.gov
Slide 24 - Detecting Martian Caves
. We’ve also helped NASA with some good news for potential ventures to Mars. 

. By using high-resolution images conveyed through Mars-orbiting satellites, the USGS Astrogeology Science Center detected some very intriguing depressions. The depressions are located in lava flows from a massive volcano named Arsia Mons. 

. Observed grooves likely formed when a solid ceiling of cooled material formed over a lava channel during an ancient volcanic eruption. When the eruption ended, it left behind an empty lava tube. Sections of the tube’s ceiling collapsed at some point to form the observable skylight entrances, or caves. 

. A system of caves is of particular interest to our astronaut friends because it could provide shelter for future Mars exploration missions. These caves could also shed light on whether microbial life forms have ever existed on the "Red Planet."
Contact:  
Glen Cushing, gcushing@usgs.gov
Slide 25 – 

Arsenic in the Evolution of Earth and Extraterrestrial Ecosystems
. Speaking of extra-terrestrial life, what might it look like? and given a general lack of water and oxygen in space, what might it use to survive?

. Arsenic-eating bacteria on Earth may hold the answers to these questions. USGS scientists, with the support of NASA, have discovered that these microbes existed on Earth much earlier than expected, when Earth was more similar to the water and oxygen deprived conditions of other planets. 

. The new organisms were found in Mono Lake in California, a 45,000-acre lake near Yosemite National Park in eastern California. The lake was formed a million years ago by subsidence in the Sierra Nevada Mountains. Geothermal heat allows arsenic and other metals leach into ground water that flows into the lake.

. U.S. Geological Survey scientists found that these microbes live in hot springs - which are alkaline, salty, oxygen-depleted, and contain high concentrations of both arsenites (AsO33-) and arsenates (AsO43-). The microbe uses arsenite, a substance that is toxic to most life forms, instead of oxygen for photosynthesis. 

________

Contact: Ron Oremland, roremlan@usgs.gov
Slide 26 – 
Gas Hydrates Discovered in the U.S. Gulf of Mexico
. Gas hydrate has the potential to be a significant new energy source. But until this year, we had little documentation that there were resource-quality accumulations of gas hydrate in the marine environment. 

. In 2009, a government and industry consortium completed the first-ever drilling project to collect geologic data on gas-hydrate-bearing sand reservoirs in the Gulf of Mexico. 

. This joint activity featured a number of technical advances, including the use of advanced logging-while-drilling tools, located just above the drill bit, that provided unprecedented three dimensional images of hydrate-bearing sediments. In addition, wells drilled at Walker Ridge, approximately 3,500 feet below the seafloor, were more than 1,000 feet deeper than any previous gas hydrate research well.

________

Contacts: 
Jon Kolak, jkolak@usgs.gov
Brenda Pierce, bpierce@usgs.gov
Slide 27 - Gas Hydrates and Climate Change
. The USGS has long studied methane hydrates as an energy source, a potential source of unconventional gas. Now it is also working to determine the impact of global warming on the stability of Arctic methane hydrate deposits. 

. Long frozen gas hydrates have the potential to release methane to the ocean-atmosphere system in response to climate forcing, producing an additional negative effect on the problem of atmospheric greenhouse gases. 

With support from the Department of Energy, the USGS is using geophysical and geochemical approaches to study sites on the Alaskan North Slope and in the shallow-water Beaufort Shelf to determine

1. whether gas hydrate is currently degassing and, if so, how rapidly; 

2. by what mechanisms the emitted methane would reach the atmosphere; and

3. how predicted future climate trends are likely to affect the baseline (contemporary) condition of the gas hydrates that are most closely poised to destabilize. 

__________

Contact Carolyn Ruppel, cruppel@usgs.gov
Above: Area in northern Alaska where subsurface temperature and pressure conditions are conducive to the occurrence of gas hydrates (red outline), compiled by Timothy Collett as part of USGS Fact Sheet 2008-3073. 
Above right: John Pohlman samples seep gas through the ice in May 2009. Photograph by Robert Vagnetti, DOE National Energy Technology Laboratory. 

Slide 28 – 

Tomorrow’s Science for Tomorrow’s Challenges

.  In conclusion, again, as I said at the outset, these examples are only a representative list. We haven’t had time to discuss how USGS scientists have filed for a patent on how to make a healing, anti-bacterial clay or how we are pursuing another promising technology with a daunting title: quantitative mineralogy by x-ray diffraction. I hope you’ve enjoyed this overview as much as I have.

. “Extreme science” comes close to being a cute title, perhaps, but it is a very serious concept. 

. Evolving tools and cutting-edge technologies can be revolutionizing processes that spark new discoveries, that transform scientific methods, that change the questions we ask. 

.  With its long-term observational networks, extensive databases, and diverse science expertise – and with fearlessly bold innovation – the USGS can provide a broad, trusted perspective for natural science knowledge that our Nation needs to face critical environmental and resource issues in our time and for the future.
