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Although we are just starting a new fiscal 

year, we want to look ahead even now.  

Next month, Dr. Gary Geernaert will be 

visiting ORNL. Gary is the Director of 

BER‘s Climate and Environmental Sciences 

Division. He will receive a comprehensive 

overview of the climate change research 

at ORNL and also the subsurface biogeo-

chemical research program. The SERDP 

(Strategic Environmental R&D Program) 

has a solicitation out that for the first time 

includes climate change. The guidelines 

and statements of need can be accessed at 

the SERDP website (www.serdp.org). 

Greg Zimmerman of ESD coordinates the 

submission process of ORNL pre-

proposals to DOE. If you are developing 

ideas, please communicate to Greg early and 

more importantly; please communicate to 

Mary so that she can alert CCSI leadership 

about the interest in this solicitation. We will 

want to arrange review of both pre-

proposals and any full proposals that are 

encouraged. DOE/BER reviews pre-proposals 

and either discourages or encourages full 

proposals to the DOD/SERDP process.  

 

There is a summary piece on LDRD in this 

newsletter. This is the time for you to be 

thinking about ideas for the next round of 

LDRD proposals. We anticipate reviewing 

pre-proposals in all four research themes, so 

you should now start developing innovative 

concepts. The time in the spring is usually 

short and hectic. LDRD is an important part 

of positioning ORNL for future opportuni-

ties. We encourage you to discuss ideas 

with the Research Theme leads.  

 

Congratulations to Rich Norby and his team 

for the publication of FACE results in PNAS 

(see article below). We encourage all of you 

to seek opportunities to publish in high-

impact journals. Such publications are time 

consuming (just ask Rich!) but offer im-

portant avenues for communication of im-

portant scientific results.  

For FY11, CCSI has seven LDRD (lab di-

rected research and development) projects 

of which three are continuations, and four 

are new for a combined funding of $1.95 M.  

This year, there will be an in-house review of 

all climate LDRD projects in January 2011 to 

discuss progress, issues, etc. Approval of 

these LDRD projects have created some 

opportunities for new postdoctoral research 

associates, as identified below. Additional 

information on how to apply for the post-

doctoral positions can be found on the back 

page of this newsletter. 

 

Enabling Plant System Biology Investi-

gations for Carbon Cycling and Biose-

questration Research ($268k) PI– Udaya 

Kalluri 

 

Enhancing Climate Impact Integrated 
Assessment for Water Through Cli-

mate Informatics ($350k) PI– Chris Len-

hardt [Postdoc opportunity: application of 

informatics and information science to cli-

mate change science in the domain of water 

issues; applications and decision support] 

 

Uncertainty Assessment and Reduction 

for Climate Extremes and Climate 

Change Impacts ($29k) PI– Auroop Gan-

guly 

 

Investigating Climatic/Socioeconomic 

Interactions at the Local Scale ($363k) 

PI– Ben Preston 

 

Modeling Long-Term Population Re-

settlement Under Climate Change 

Scenarios ($300k) PI– Budhendra Bhaduri 

 

Characterization and Modeling of Per-

mafrost Microbial Community Diversi-

ty and Metabolism During Simulated 

Global Warming ($370) PI– Dwayne Elias 

[Postdoc opportunity: Model integration of 

the microbial and geochemical data] 

 

Incorporating Molecular Scale Mecha-

nisms Stabilizing Soil Organic Carbon 
into Terrestrial Carbon Cycle Models 

($270k) PI– Melanie Mayes [Postdoc oppor-

tunity: experiments and modeling designed 

to interrogate rates and mechanisms gov-

erning cycling of plant and microbial com-

pounds at the soil mineral interface, and for 

incorporating results into soil carbon cycling 

models] 
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Results from the 

Oak Ridge Free-

Air CO2 Enrich-

ment (FACE) 

experiment were 

featured in the 

November 9th 

edition of the 

Proceedings of 

the National 
Academy of Sci-

ences. Results 

show that the 

growth response of the forest to CO2 is 

diminished over time, and the team attrib-

utes the loss of response to a nitrogen 

limitation. The team hopes that this quanti-

fied data will improve the accuracy of car-

bon cycles within climate models. 

 

Congratulations to Rich Norby and his 

team on this notable achievement!  Read 

more on this project on page 2, 

―Highlighted Researcher—Rich Norby.‖ 

ORNL PUBLICAT ION MAKES 

COVER OF PNAS 

http://www.pnas.org/content/107/45/19368
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As a young boy growing up in a 
suburb of Chicago, Richard 

Norby was a self-proclaimed 
―science nerd‖, enjoying a home 
chemistry set and eventually 

participating in his high school‘s 
chemistry club—winning prizes 
for a science experiment on 

protein decomposition in putre-
factive meat. He headed off to 
Carleton College in Minnesota 
in 1968 with a clear vision—he 

would study chemistry and find 
a job with a company like 
DuPont Chemical. 

But like most undergraduate 

students, Rich‘s notion of an 
ideal career path changed by the 

time he received his BA in 
chemistry in 1972. He jokingly 
blames it on ―p-chem‖ (or physi-

cal chemistry for those outside 
of the chemistry coil), but in 
reality it was a mixture of finding 

new interests and a shift in 
American consciousness in the 
late 60s. ―In that era we were all 
d e m a n d i n g  r e l e v a n c e —

everything had to be relevant. 
That lead me to have more 
interest in doing things that I 

thought would serve the public 
interest.‖ 
After graduation, Rich spent 

time in southern Oregon as a 

fire lookout for the Forest Ser-
vice. It was four years before he 

went back to school for his 
graduate degree, but this time 
he focused on forestry and 
botany. He began his career at 

ORNL in 1981 as a post-
doctoral researcher studying the 
effects of acid rain on soybean 

growth. 
The separation between work 
and play is not all that distinct 

for Rich—he enjoys visiting 
friends and colleagues across the 
globe in work-related travel. 

RICHARD NORBY 
Phytologist, is a member of 

the Board of the New Phytol-

ogist Trust, and is on the edi-

torial board of the Journal of 

Plant Ecology. He also is an 

adjunct professor in the De-

partment of Ecology and Evo-

lutionary Biology at the Uni-

vers i ty  o f  Tennessee -

Knoxville.  He was recognized 

with an Outstanding Mentor 

Award by the U. S. Depart-

ment of Energy‘s Office of 

Science in 2007, the UT-

Battelle Award for Outstand-

ing Accomplishment in Science 

and Technology in 2004, and 

the Scientific Achievement 

Award of the Environmental 

Sciences Division, Oak Ridge 

National Laboratory in 1992. 

Rich‘s current work includes 

several collaborative, cross-

disciplinary projects. 

  

PI for Free-Air CO2 En-

richment (FACE) Experi-

ment (FY96-11) 

The general objective for 

FACE is to understand how 

the eastern deciduous forest 

is affected by elevated CO2 

and what the feedbacks are 

from the forest to the atmos-

phere. It is intended to ad-

dress the interaction between 

rising CO2 and forest produc-

tivity in the global carbon cy-

cle as CO2 is a forcing factor 

in climate change. An im-

portant activity involves bring-

ing the data from the Duke 

and Oak Ridge FACE experi-

ments to a suite of ecosystem 

and global models and chal-

lenging the modelers to re-

produce the observational 

results. The team hopes to 

improve the models with in-

sights from the experiments. 

 

CCSI members involved in 

this project include Colleen 

Iversen, who focused on root 

and soil responses; Jeff Warren, 

focused on water relations; 

Joanne Childs, who analyzed 

root images and runs the lab; 

and Charles Garten who has 

done work on stable isotopes 

in nitrogen cycling. 

  
Co-PI for Partitioning In 

Trees and Soil (PITS) 

(FY10-12) 

PITS is intended to improve the 

carbon partitioning routines in 

existing ecosystem models 

based on the concepts gath-

ered from plant partitioning 

models and tested against field 

observations and manipulations. 

The team uses short-term, 

comprehensive field measure-

ment of processes related to 

carbon partitioning from leaves 

to roots and roots to soil. The 

experiment focuses on below-

ground carbon partitioning. An 

improved understanding of the 

relative amount and fate of 

belowground partitioning will 

lead to improvements in model 

representation of carbon parti-

tioning and the fate of carbon 

under elevated CO2and other 

climate perturbations. 

 
Spruce and Peatland Re-

sponses Under Climatic 

and Environmental Change 

(SPRUCE) (FY10-23) 

SPRUCE is an experiment being 

implemented to assess the re-

sponse of northern peatland 

ecosystems to increases in 

temperature and exposures to 

elevated atmospheric CO2 con-

centrations. The experimental 

work will be conducted in a 

Picea mariana [black spruce] 

Richard Norby is a Corporate 

Fellow in the Ecosystem Ob-

servations and Experiments 

group of ORNL. He is a physi-

ological ecologist with inter-

ests in tree growth, forest 

ecology, carbon and nitrogen 

cycling, and global change. 

Norby has been conducting 

experiments on the responses 

of trees and forests to elevat-

ed atmospheric carbon diox-

ide (CO2 ) since 1982 with an 

emphasis on belowground 

responses.  

 

Through his involvement in 

the National Center for Eco-

logical Analysis and Synthesis 

w o r k i n g  g r o u p , 

―Benchmarking Ecosystem 

Response Models with Experi-

mental Data from Long-term 

CO2 Enrichment Experi-

ments,‖ the Global Change 

and Terrestrial Ecosystems 

project of the International 

Geosphere-Biosphere Pro-

gramme, and the National 

Science Foundation (NSF) 

network project Terrestrial 

Ecosystems Response to At-

mospheric and Climatic 

Change, Norby has had a 

strong interest in fostering 

cross-discipl inary global 

change research and improved 

communication between ex-

perimentalists and modelers. 

 

He is a member of the Ecolog-

ical Society of America and, in 

1995, was elected fellow of 

the American Association for 

the Advancement of Science. 

Norby serves as the Environ-

ment Section editor of New 

Rich is married to ORNL environ-
mental scientist Ellen Smith. The two 

have a son who is currently living in 
Chicago and working as a computer 
programmer.  



zation‘ effect will provide a 

negative feedback on the rate 

of accumulation of CO2 in 

the atmosphere and the cli-

mate change that follows. 

 

This long-winded description 

is meant to emphasize that 

my research on the response 

of trees and forests to ele-

vated CO2 is just a small sliv-

er of the complex and multi-

disciplinary activity called 

climate change research. Alt-

hough CO2 fertilization can 

be considered one of the few 

favorable responses in the 

climate change arena, it will 

never ‗solve‘ the problem of 

climate change, nor provide 

society an excuse to ignore 

it, but I do strongly believe 

that policy decisions need to 

be based on solid science 

wherever that may lead us.‖ 

  

Who is the customer for 

your research?   

―The primary customer for 

our research is DOE‘s Bio-

logical and Environmental 

Research Program. DOE has 

supported our research for 

almost 30 years. It is primari-

ly through DOE that experi-

mental studies such as ours 

become integrated with oth-

er information on the global 

carbon cycle to address the 

larger climate change issues. 

Secondarily, our customer is 

the international climate 

change research community. 

No one experiment can an-

swer all the questions we 

have, and the community of 

elevated CO2 researchers 

has made a lot of progress in 

working together to synthe-

size responses across sites 

and to learn from each other 

as next-generation experi-

ments are planned. I have 

been especially pleased with 

the enthusiasm that many 

modelers have received our 
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bog forest in northern Min-

nesota. Questions to be 

addressed include the iden-

tification of thresholds for 

organism decline or mortali-

ty, environmental limitations 

to regeneration, biogeo-

chemical limitations to 

productivity, and the cycling 

and release of CO2 and CH4 

to the atmosphere. Direct 

and indirect effects of these 

experimental perturbations 

will be tracked and analyzed 

over a decade to develop 

and refine models needed 

for full Earth system anal-

yses.  

  

What role does your re-

search play in climate 

change research?    

―Reliable predictions of fu-

ture climate requires 

knowledge of the trajectory 

of the forcing factors, in-

cluding, of course, the con-

centration of CO2 in the 

atmosphere. Predictions of 

atmospheric CO2 depend in 

turn on all of the social, 

political, and economic fac-

tors that affect the burning 

of fossil fuels and land use 

change, as well as on the 

natural processes of the 

global carbon cycle. The 

terrestrial biosphere, and 

forests in particular, play a 

prominent role in the up-

take, storage, and release of 

atmospheric CO2, so it is 

important to understand 

the underlying physiological 

and ecological processes 

that control carbon ex-

changes between forests 

and the atmosphere and 

how those processes might 

change in the future. There 

has long been an expecta-

tion that as atmospheric 

CO2 increases, the rate of 

uptake and storage of car-

bon in forests will also in-

crease, and this ‗CO2 fertili-

data sets and their apprecia-

tion for our having made our 

data so accessible. Another 

set of customers of sorts are 

other researchers from 

around the world who have 

taken advantage of the op-

portunity to conduct their 

research on our research 

sites. Interactions with our 

many collaborators have 

been one of the highlights of 

our research.‖ 

  

Why is it important to you, 

personally, to become in-

volved in climate change 

research?   

―When I was in college in the 

late 60‘s, early 70‘s, one of 

the mandates we tried to 

impose, with revolutionary 

zeal, on our institutions and 

ourselves was for ‗relevance‘.  

For me this meant seminars 

on topics such as ‗Science 

and Society‘ and ‗Technology 

and Nature‘, as I abandoned 

my naïve notions of a career 

at a big chemical corporation. 

As I completed graduate 

school, I was inclined toward 

research that would meet 

the public‘s need, and a job 

at ORNL seemed to fit that 

desire well.  Although in 

1981, it had just been a year 

or two since I had heard a 

prominent ecologist lecture 

that ‗some say global cooling, 

some say global warming; I 

guess it‘s a wash‘, the new 

research that Bob Luxmoore 

(now retired from ESD) had 

proposed to DOE on feed-

backs between elevated CO2 

and nutrient cycles was intri-

guing to me, and it has re-

mained intriguing ever since. 

It is easy to become cynical 

about our inability to re-

spond to the serious chal-

lenges of climate change, and 

I know that my research is 

only a small sliver of climate 

change research.  However,  

I do feel satisfied that we are 

doing our best to provide the 

science needed for making in-

formed decisions.‖ 

  

In what direction do you see 

the future of climate change 

research going?  

―I wish we could say that  eve-

ryone now recognizes that 

climate change is real, and we 

should be focusing on solu-

tions—but apparently that is 

not the case. Nevertheless, 

options for responding to cli-

mate change have huge eco-

nomic implications and, there-

fore, must be based on solid 

science and continued improve-

ment in the predictions of fu-

ture climate. The trend toward 

increasing integration of multi-

ple data streams into compre-

hensive models will continue. In 

the experimental world, we 

need to be tackling the re-

sponses of the more difficult-to

-study ecosystems—the high-

latitude peatlands and tropics, 

in particular—because the un-

certainties are large and so are 

the potential consequences for 

global carbon and climate. All 

new climate change experi-

ments are likely to involve a 

close integration of models, 

data, and observations—of  

which the CCSI can be proud 

to be providing the leadership. I 

hope there will be increasing 

emphasis on how atmospheric 

and climatic change affect plant 

community structure and dy-

namics—another area of large 

uncertainty with potentially 

large consequences that are 

meaningful not only to carbon-

climate feedbacks, but also to 

quality of life for many people.  
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EARTH SYSTEM MODELING 

What is CESM? 
The Community Earth System 

Model (CESM) is one of about a 
dozen climate models worldwide 
that can be used to simulate the 

many components of Earth‘s 
climate system, including the 
oceans, atmosphere, sea and land 

ice, and land cover. The CESM is 
unique among these models in 
that it is developed by a broad 

community of scientists. The 
model is freely available to re-
searchers worldwide, and it al-
lows them to conduct fundamen-

tal research into the earth's past, 
present and future climate 
states.* 

*Text and images courtesy of the Nation-

al Center for Atmospheric Research. 

www.cesm.ucar.edu/models/cesm1.0/ 

Much of what we can foresee 

about the Earth‘s climate comes 

from Climate Model and Earth 

System model simulations. The 

Community Earth System Model 

(CESM) is one of the most 

widely used Earth system mod-

els, with a vibrant community of 

developers in the U.S. and a 

significant and expanding nation-

al and international user com-

munity. The CESM‘s predeces-

sor, the Community Climate 

System Model (CCSM), was one 

of the global models whose 

simulations contributed to the 

IPCC Fourth Assessment Re-

port. As part of a DOE-National 

Science Foundation partnership, 

ORNL has been a member of 

the core development team for 

the CCSM/CESM system for 

over a decade.  ORNL research-

ers continue this involvement 

through further development of 

several of the CESM component 

models such as the Community 

Atmosphere Model (CAM), the 

Community Land Model (CLM), 

and the Community Ice Sheet 

Model (Glimmer-CISM).  

  

ORNL is working with the Na-

tional Center for Atmospheric 

Research and three other DOE 

laboratories to develop an ultra-

high resolution version of the 

CAM and couple it to similar 

ultra-high resolution versions of 

the ocean (POP – Parallel 

Ocean Program) and land-
surface (CLM) to resolve fine 

scale features. Closely related 

projects include work by CCSI 

researchers to improve model 

scaling and efficiency on Leader-

ship Class computing platforms, 

like Jaguar. As model resolution 

increases to take advantage of 

Leadership systems, future ver-

sions of CAM will rely on a 

radically different numerical 

approach to simulating atmos-

pheric fluid dynamics, which will 

combine spectral element algo-

rithms implemented on cubed 

sphere grids (HOMME—High 

Order Method Modeling Envi-

ronment) (Figure 1). CAM will 

be developed to take advantage 

of the 20 petaflop computer 

that will be delivered to ORNL 

a few years from now and the 

exascale computing capability 

that will push be-

yond current capa-

bilities at ORNL by 

a factor of 1,000. 

Figure 2 is a visuali-

zation using the 

newest version of 

CAM, CAM4. 

 

ORNL scientists 

participate in the 

development, pa-

r a m e t e r i z a t i o n , 

evaluation, and 

application of the 

CLM, with an em-

phasis on the repre-

sentation of the carbon cycle 

and other biogeochemical cycles 

such as nitrogen and phospho-

rus (Figure 3).  New model 

development efforts include the 

incorporation of prognostic land 

use and land cover change, im-

proved representation of soil 

organic matter dynamics, and 

introduction of phosphorus 

cycling. ORNL scientists are 

leading efforts to estimate un-

certain model parameters from 

a wide range of observations 

and experimental results, using 

data assimilation and multivari-

ate nonlinear optimization ap-

proaches. Model evaluation is a 

critical component of the cli-

mate science enterprise, and 

ORNL scientists have developed 

quantitative metrics to make 

objective assessments of model 

performance, and which are 

now being adopted by the 

broader national and interna-

tional land modeling communi-

ties. A major area of model 

application is the analysis of 

climate-carbon cycle feedback 

characteristics, based on the 

output of fully-coupled CESM 

simulations that make climate 

change projections out to the 

year 2100 and beyond.  Policy-

relevant questions about the 

likely climate changes associated 

Figure 2. This visualization uses the new CAM4, for the 

preindustrial 1850 period,  spectral dynamic core at T341 
truncation, which is about a 37km horizontal grid resolu-
tion. This configuration is currently under development by 

climate scientists at ORNL and NCAR in order to quantify 
the benefits and costs of climate simulation using higher 
resolution models.  

Figure 3. The instantaneous Net 

Ecosystem Exchange (NEE) a measure 
of the atmospheric-terrestrial exchange 
of carbon as simulated with a version of 

the CCSM3 model that includes a 
terrestrial carbon modeling capability.  

Figure 1. Depicts cubed sphere ge-

ometry, where the transformation 
between the inscribed cube and the 
sphere is determined by the gnomonic 

(center) projection from the sphere to 
each face of the cube. This geometry is 
used for spectral element methods 
that have been demonstrated to be 

scalable dynamic cores (HOMME). 



and Climate and Space. This was 

the second visit by Jason Argo-

nauts to ORNL since ORNL‘s 

involvement began in 2009. As 

part of the climate portion of 

their visit, Jim Hack had the Argo-

nauts average temperatures over 

the course of a day at the same 

location to demonstrate how 

weather data, sampled at various 

intervals over time, impacts the 

accuracy of 

the resulting 

c l i m a t e 

data. They 

also had the 

opportunity 

to go into 

the field to 

tour and discuss projects that 

demonstrate how terrestrial eco-

systems would adapt to changes 

in the environment. Jason Argo-

nauts had the chance to view the 

prototype warming  chamber to 

be used in SPRUCE.  They also 

visited the PITS project to see a 

wide range of ecological measure-

ment approaches.  

CCS I RESEARCHERS HOST JASON PROJECT ARGONAUTS  
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Several CCSI researchers had 

the opportunity to roll up their 

sleeves and rub elbows with 

four up-and-coming scientists 

in early October through Na-

tional Geographic‘s Jason Pro-

ject. The Jason Project was 

founded in 1989 by Dr. Robert 

Ballard after discovering the 

wreck of the RMS Titanic and 
the ensuing outpouring of in-

terest from students to partici-

pate in his explorations.  The 

Jason Project is named after 

Jason, the mythological Greek 

explorer and is part of the STEM 

(Science, Technology, Engineering 

and Mathematics) education initi-

ative aimed at highly talented 

or motivated students who have 

the potential to become future 

innovators in STEM areas. 

Each year, a few dozen students 

are selected to be Jason National 

Argonauts, traveling around the 

U.S. to work with Jason Host 

Researchers covering a variety of 

research topics. This October, 

ORNL was host to four of these 

A r g o -

n a u t s 

focused 

on Forc-

es and 

Motion, 

Strategic Environmental R&D Program Annual Symposium (Washington, DC)...30 Nov—2 Dec 2010 

American Geophysical Union Fall Meeting (San Francisco, CA) …………….....13-17 December 2010 

91st Annual Amer. Meteorological Society Meeting (Seattle, WA)….……...…….. 23-27 January 2011 

AmeriFlux Science Meeting & 3rd NACP All-Investigators Mtg (New Orleans)…. 31 Jan—4 Feb 2011 

Amer. Assoc. for the Advancement of Science Annual Meeting (Washington, DC)…...17-21 Feb 2011 

Colorado Conference on Earth System Governance (CSU, Fort Collins, CO)……….17-20 May 2011 

Fifth Intl. Conf on Flood Management (Tsukuba, Japan)…..…………………….27-29 September 2011 

CALENDAR 

Figure 4. (top left) Jim Hack and 
Jason Argonauts calculate average 

temperature over time. 

 
Figure 5. (below) Argonauts conduct 

field measurements with ORNL scien-

tists. 
 

Figure 6. (top right) Argonauts on 

tour at the National Center for Com-
putational Sciences. 

 

(Images courtesy of the Jason Pro-
ject.) 

with various trajectories of fossil 

fuel emissions depend strongly 

on the quantification of these 

feedbacks, and the integration of 

observational, experimental, and 

modeling knowledge and exper-

tise to answer these questions is 

a major focus for the ORNL 

CCSI. 

  

ORNL collaborates on CISM 

through the DOE ISICLES (Ice 

Sheet Initiative for Climate Ex-

tremeS) initiative aimed at bet-

ter inclusion of dynamic ice 

sheet modeling. In particular, 

ORNL is adapting ice sheet 

models developed at Los Ala-

mos National Laboratory to run 

on massively parallel architec-

tures efficiently with good scala-

bility on increased numbers of 

processors. One of the project‘s 

goals with far reaching implica-

tions is to prototype the ap-

proaches deployed in developing 

a scalable CISM as a template 

scaling other CESM compo-

nents.  

 

ORNL will continue to leverage 

its capabilities as an integrator 

through regular interactions and 

feedbacks between various disci-

plines and models. CESM‘s suc-

cess is based not only on the 

fidelity of the individual model 

components when tested against 

observational data, but also on 

the ability to simulate the com-

bined behavior of all the model 

components working in concert 

and demonstrating high quality 

simulations of past and present 

climates. 

  

http://symposium.serdp-estcp.org/
http://www.agu.org/meetings/fm10
http://www.ametsoc.org/meet/annual
http://nacarbon.org/meeting_2011/index.htm
http://www.aaas.org/meetings
http://cc2011.earthsystemgovernance.org/favicon.ico
http://www.ifi-home.info/5th-International-Conference-on-Flood-Management.html


RECENT PUBLICATIONS 

CURRENT CCS I JOB OPPORTUNIT IES 

We seek motivated individuals across a range of educational and professional experience including M.S. through Ph.D. academic qualifications 
at junior, as well as senior levels of experience to address some of the most pressing questions in global climate change science.  You can view 
complete staff position descriptions and apply at http://jobs.ornl.gov. Postdoctoral and post-master’s research position descriptions and 
online application are at http://www.orau.org/ornl/postdocs/ornl-pd-pm/default.aspx.  
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RECENT DATA PRODUCTS 

LBA-ECO LC-09 Landsat TM and ETM+ Data, Sites in 
Rondonia and Para, Brazil: 1985-2004. Data set pre-

pared by E.S. Brondizio and E.F. Moran.  http://

dx.doi.org/10.3334/ORNLDAAC/987. 

LBA-ECO LC-09 Natural, Infrastructure, and Boundary 
Features, Amazonian Sites, Brazil. Data set prepared by 
E.S. Brondizio, M. Batistella, and E.F. Moran. http://

dx.doi.org/10.3334/ORNLDAAC/986. 

ORNL DAAC has added the following data sets to its 

Spatial Data Access Tool (SDAT): 
‗LBA-ECO CD-06 Land Use/Land Cover Time Series, Ji-
Parana Basin, Brazil: 1986-2001‘.  

‗ISLSCP II Continuous Fields Of Vegetation Cover, 1992
-1993‘ 

Nitrogen deposition onto the United States and West-

ern Europe 
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