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Abstract. The problems threatening the conservation and management of rangeland, over one-half of the
world’s terrestrial surfaces, are significant and growing. Current assessments of drivers and externalities
shaping these problems have resulted in strategies intended to result in sustainable development of these lands
and their resources. However, how can individual scientists and individual research programs support the
needed strategies and goals? What can we realistically contribute and accomplish? We believe that
technology can connect individual scientists and their science to the problems manifest in rangelands over the
world, in a more rapid exchange than has occurred in the past. Recognition of local challenges, innovations,
and scientific tests of the effectiveness of our technological solutions to these problems can keep pace with
rapid change and help us adapt to that change. However, to do this, we have to invest in a process of
connecting science to landscapes. Our tactics are to link, openly and collaboratively, the scientific method to
discrete, specific, managed landscapes. We term these collective tactics, our fundamental research theme,
“Landscape Portals”. All of the elements of this theme exist currently, to various degrees, but they lack
cohesion and interactive, real-time connections. Future investment requires two basic, tactical scientific
behaviors: a post-normal application of science in support of land management by hypothesis and a scientific
method modified to accommodate a data intensive scientific inquiry directed towards adaptive management.
These behaviors support our “Landscape Portals” theme: science conducted in a highly interactive,
transparent, data enriched, locally relevant, globally connected, popularly translated, and ecologically robust
manner.
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Introduction
Development of a vision for relevant rangeland science is
strongly limited by factors that shape existing perspectives
and the perceived constraints upon those perspectives. Any
statement about future scientific themes and their
possibilities should, in the interests of clarity, offer a
review of the existing perspectives and constraints. We
envision seven key drivers and externalities that will shape
our thinking about the future and drive the research themes
that we think are important to our clients, partners,
stakeholders, and the broader public. These seven factors
are a mixture of cultural, social, environmental and
technological forces. However, our clairvoyance will be
wasted if we lack the support and resources needed to
pursue those research themes that may positively affect the
management of our natural resources.
It is not just the themes that are important, but how
these themes both engage and capture the imagination of a
larger public. Typically, that public is basically urban,
largely unconnected to the land, and disinterested in
uninspired or dull themes, well founded or not. Our
perspectives emerge from this ideology.
Our seven drivers and externalities are not unique
perspectives. These perspectives, and others, have led to
recent, well-articulated strategies meant to shape policies
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that will result in the sustainable development of land and
its resources (Griggs et al. 2013, Reynolds et al. 2007,
Morton et al. 2011). However, as individual scientists, we
need to employ tactics that will service these well-informed
strategies. The drivers and externalities we present in this
paper strongly influence the tactics that we see as important
for our overall research theme. First, there are 2 key scientific behaviors that underlie our theme: (1) contextualized
science, or science in support of resource management by
hypothesis (Sayre et al. 2012); and (2), an interactive scientific method shaped by data-intensive inquiry in a manner
described as the “fourth paradigm” (Hey et al. 2009).
From these behaviors emerges our fundamental theme
of “Landscape Portals”: science conducted in a highly
interactive, transparent, data enriched, locally relevant,
globally connected, popularly translated, and ecologically
robust manner. This is a theme that is oriented towards
science-based principles and tools for local management of
grasslands and rangelands, but it is more widely informed
by global science and relevant to global citizens. All of the
elements of this theme are currently present, to various
degrees, but they lack cohesion and interactive connections.
Our goal is to create globally available knowledge,
information and tools that can be readily utilized at local
levels as needed by people in their conservation management decisions and practices.
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Drivers and Externalities

A World with Less Grass

Asia and India

The majority of the world’s native terrestrial surfaces are
dominated by woody species, not herbaceous plants (Fig.
2). Landscapes dominated by woody species are four times
more common around the globe as those dominated by
herbaceous species. Furthermore, there is twice as much
area classified as either extreme desert or tundra than is
characterized as grassland. . For several reasons, the
amount of grassland-dominated area is less than in recent
decades and is anticipated to continue to decline in coming
decades (Hughes 2003, Van Auken 2009). Of extreme
relevance is that many managed landscapes are a mixture
of types, either in terms of potential or existing vegetation
states, or both. Any research theme needs to be cognizant
of the temporally dynamic and spatially heterogeneous
nature of these lands (Bestelmeyer and Briske 2012). Of
particular importance is the need to reflect these distinct

Global dynamics continue to be strongly influenced by
trends within Asia, especially China, and India. Figures 1ad present selected data drawn from FAO (2011) that
illustrate the influence of Asia and India in recent decades
on population growth and resources devoted to food
production. Two primary observations are drawn from
these figures: (1) growth in human population and
efficiencies in food and animal production in China has
strongly influenced global trends over the last 3 decades;
and (2) growth in human population and efficiencies in
food and animal production in India will increasingly
influence global trends in coming decades. Any research
theme has to be applicable and capable of application in
Asia and India to be effective and relevant.

Figure 1. Contrasting changes in human population and selected agricultural related statistics for India, Asia, and the rest of the
globe over the past 5 decades. (A) total number of people; (B) net food production; (C) per capita net livestock production; and
(D) total number of goats (data drawn from FAO 2011).
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Figure 2. Global rangeland distribution based on an
assimilation of 72 land cover classes into one of five rangeland
types or non-rangeland – from Estell et al. (2012, as adapted
from US Geological Survey 2008).

heterogeneities, in terms of ecological potential as well as
current status, within any specific landscape.

Network Technologies
An ability to employ computers in daily life is now
regarded as the 5th utility, along with electricity, gas/
energy, water and telephone (Buyya et al. 2009). This
integration of computing into all aspects of daily lives for
nearly 60% of the world’s population has had tremendous
effects on human cultures, economies, and science (Goodchild et al. 2012). These impacts create challenges but also
opportunities.
It is estimated that 4 billion people have Internet access
on a regular, reliable basis (Craglia et al. 2012). A Digital
Earth Index (DEI) reflecting a ratio of Internet adoption to
dependency on digital equipment and goods has been
developed for each country. Countries within Europe,
North America, Oceania and Asia typically have a DEI
well above 1.0 reflecting a high adoption rate of digital
technology relative to energy consumption.
Unfortunately, much of the world, especially rural
regions and less developed countries, lack the needed
infrastructure to support the digital age. Their Internet
adoption rates are relatively low with DEIs well below 1.0.
However, creative efforts are underway to provide Internet
access to these remaining 3 billion people around the
world. Often, access is limited or absent because supporting
infrastructure, primarily a reliable electrical grid, is lacking
in remote, rural, and/or impoverished areas. Advancing
technology is being brought to bear on these limits
(Ranaboldo et al. 2013). For example, in rural parts of
India, micro-electrical grids are possible that exploit
renewable energy-based decentralized electricity (Nouni et
al. 2008). Though these developments face technical
constraints, the opportunities to create stand-alone micro
grids based on renewable energies are real and being
actively pursued. Any research theme needs to be Internet
nimble given that in the near future all humans will have
Internet access.

Long-Term Drought and Mega-Fire
Long-term droughts (>12 months in duration) over large
regions of Asia, Africa, the Mediterranean and the
Americas are projected to become 3 times more frequent
during the later half of the 21st Century (Sheffield and
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Wood 2008). Observed aridity in global systems through
2010 support model projections of increased drought
occurrence throughout the 21st Century (Dai 2013). Though
ranchers and pastoralists are well acquainted with
managing landscapes during droughts, the emerging longterm drought scenarios will require increased management
and policy flexibilities (Ash et al. 2012).
Compounding these projections for increased drought
occurrence is evidence that mega-fires in the world’s
woody ecosystems may be more likely in the future. In fact,
mega-fires have been viewed as positive feedbacks to
climate change (Adams 2013). It is alarming that, at any
point in time, there is widespread occurrence of fire around
the globe on all continents (see NASA 2013). The nature of
mega-fires goes beyond their simple categorization as large
fire events toward extreme events, measured in terms of
fire behaviors, resistance to suppression and resulting
impact. A key recommendation now materializing for
advanced management of landscapes at risk of mega-fire is
the design of control measures that are matched to specific
landscape conditions. Fire management requires contextualizing to local conditions (Tedim et al. 2013). Any
research theme must accommodate contextualization to
local conditions for numerous reasons, but especially as a
management strategy for contending with the extreme
events that are increasingly likely to occur.

Oil Equivalent Energy
Production of energy from fossil fuel sources around the
globe now exceeds 10,000 million tons of oil equivalent
(Mtoe)/yr (Hook et al. 2012). New technologies employed
in the extraction of fossil fuel, such as hydraulic fracturing,
or “fracking”, have been disarmingly effective in meeting
this growing demand. This newer stream of oil is keeping
costs per unit energy relatively low in spite of growing
demand. There are several cascading effects materializing
from increased oil supplies emerging from the use of these
new technologies. First, the development of these relatively
inexpensive fossil fuel sources will continue to hamper
expansion of the infrastructure needed to generate and
supply energy from renewable sources. For example,
projections, based on optimistic scenarios, for growth in
annual output of energy from renewable sources (excluding
biomass) through the first half of the 21st Century are less
than 5000 Mtoe by 2050 (Shell 2008). Fossil fuel sources
will continue to put energy from renewable sources at a
competitive disadvantage (Freedenthal 2012). Second,
technologies that maintain the advantage of fossil fuel
energy will continue to produce GHG emissions, along
with their cascading effects on earth systems. Third, it is
now projected that specific developed countries, in
particular the US, will be both the largest producers of
fossil fuel energy and achieve energy independence within
the next 20-30 years. In combination, these effects will
likely ensure that the World’s largest economy will still
rely on hydrocarbons for decades to come (Miller et al.
2012).

Precision Earth
Geospatial tools, such as GPS, GIS and remote sensing,
have revolutionized most if not all aspects of the study of
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life on earth. Any question dealing with the issue of
“Where?” can now be answered, at least in terms of its
physical location, with incredible speed and accuracy.
These technologies are now being applied to the generation
and access of very-fine scale information and knowledge.
Logically, this has been accompanied by the rapid
development of highly contextualized decision-support
tools for all fields, including agriculture and conservation.
To illustrate, digital elevation models 30 years ago were
scaled at 1/10th degree resolution, and today they are scaled
at 1/3600th degree, or finer (Gallant 2011). Precision
geospatial tools are routinely applied to agricultural
practices, reducing costs and promoting conservation
efficiencies (McConnell and Burger 2011). These
developments are leading to substantive shifts in the
manner in which agricultural research currently is and will
be conducted (Herrick et al. 2013). For example, vineyard
managers are utilizing open source, web-based GIS
management tools in combination with wireless sensor
networks supplying site specific and regional monitoring of
soil and weather to conduct their own in the field
management evaluations and analyses (Mathews 2013).
Precision viticulture is facilitating the contextualization of
general principles of vineyard management to the specifics
of any vineyard; viticulturists can conduct their own
research specific to their own vineyards. The release of
open source precision information tools that will further
facilitate this contextualization, such as the SoilWeb and
JournalMap (Karl et al. 2012), and accelerate this emerging
shift of research from academic institutions and scientific
organizations to, literally, the fields of application of any
discipline. These shifts are occurring without extensive
software training, and in situations where the local
landscape conditions, such as a small vineyard, can be
adequately described and understood. Any research theme
for larger landscapes inherent to rangeland and grassland
management systems should accommodate and capitalize
on these tools and the insights and understanding they
provide.

Ecography
Ecography is defined as the descriptive phase of ecology.
Relative to land management, ecography emerges as
ecologically based cartography. The intent of mapping
ecological potential and current status of land relative to
that potential is to provide a quantitative, ecologically
robust, and descriptive basis for management decisions
(Karl et al. 2012). The process of applying research results
must be linked with the inherent ecological capacity of land
(Peters et al. 2012). Ecography is meant to transparently
express that capacity at scales relevant to many
management decisions. In the US, one manner in which
ecography manifests is the mapping of ecological sites and
current or past vegetation states relative to specific
ecological sites (Bestelmeyer et al. 2009). Ecological sites
are defined as distinctive kinds of land with specific
physical characteristics that differ from other kinds of land
in their ability to produce distinctive kinds and amounts of
vegetation. A particular vegetation state existing on an
ecological site reflects the status of that site relative to its
defined ecological potential to produce distinctive kinds
© 2013 Proceedings of the 22nd International Grassland Congress

and amounts of vegetation. . Even fine scale differences in
biotic and/or abiotic attributes among sites can lead to
different responses to climate and/or management, even if
sites are within the same landscape (e.g., Bestelmeyer et al.
2006, Browning et al. 2012). The concept of an ecological
site is to parse landscapes into identifiable units that will
respond in predictable manners to conservation practices
(Steele et al. 2012). The power of ecography is that it
provides a descriptive and repeatable basis to stratify
landscapes in a fashion that enables hypotheses to be
constructed and tested relative to effects of conservation
management practices. In addition, ecography provides a
framework for constructing monitoring programs that will
result in data that can actually be interpreted relative to a
site’s responses to management. Ecography in this manner
affords us the opportunity to apply experimental designs to
landscapes and their management. This is a powerful tool
in support of our research themes.

Synthesis of Drivers and Externalities
Collectively, in response to such drivers and externalities
there is a call for new strategies and goals for the
sustainable development of our environments (Griggs et al.
2013). Dire predictions for a bleak future without
substantive changes in policies and actions are well
founded in the increasing available data points supporting
assessments of resource stresses and pending catastrophic
events (Holechek 2013). There is certainly a need for
employing strategic thinking that is ecologically robust to
guide our actions. These are serious statements that need to
be heeded.
But, what are we to do? Strategic thinking is needed,
but what are the tactics that can be employed to support the
identified strategies? Leaders in the science community
have stepped forward on all continents to shape the needed
strategies. What can individual scientists and individual
science programs do tactically that will be constructive?
We accept the central premise that we have to apply
our science at spatial scales relevant to management (Sayre
et al. 2012). The problems being driven by various forces
have to be addressed at appropriate management scales. In
this fashion our tactics are based on 2 key science
behaviors from which our research theme, our basic science
tactic, emerges: (1) revising our scientific method to
support management by hypothesis; and (2) employing a
globally informed, data intensive scientific method (Peters
and Havstad, in review).

Scientific Behaviors
Science in Support of Management by Hypothesis
Recently, Sayre et al. (2012) called for a redirection of the
dominant themes of rangeland research of the 20th Century.
This redirection is meant to not only conduct research at
larger spatial and longer temporal scales but also address
more actively the heterogeneity of these landscapes in that
research. This redirection is labeled a post-normal science
(Funtowicz and Ravetz 1994) that is both practical in its
objectives and interactive in engaging clients, partners,
stakeholders, and the public in its conduct. At the center of
this effort is the recognition of the need to build a
framework for science that supports adaptive management
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of natural resources (Bestelmeyer and Briske 2012). We
envision this post-normal science can support the concept
of “management by hypothesis” in that embedding
hypotheses within management decisions creates a sciencebased method that would truly support the “learning by
doing” process called for by Walters and Holling (1990)
where management and science are partners. This postnormal element of our scientific behavior is a key
component of our research theme.

A Data-Intensive Scientific Method
Massive volumes of data from increasingly available
sources are driving new methods of data-intensive analyses
(Hey et al. 2009, Kelling et al. 2009). Terms such as
metadata, provenance, and cloud computing are now
central to our scientific method (Michener and Jones 2012).
As a result, we are seeing concerted efforts for science to
be more transparent, more open, more collaborative, more
interdisciplinary, and more accountable. The basic elements
of the scientific method haven’t changed even though it is
now increasingly conducted in a “cloud”. However, there is
a need to revise that method so that it more clearly reflects
both the demands and the opportunities created by these
volumes of data (Fig. 3). Obviously, genomic research has
benefited greatly from this revision to the scientific method
with an increasing reliance on data-intensive analyses
(Golub 2010). There are the same opportunities for dataintensive analyses influencing grassland and rangeland
sciences (Peters 2010). It would, though, be inaccurate to
envision these new developments as simply the result of
more data leading to more complex, complete and robust
analyses. At its core, this revolution is about how and
which data are stored, accessed, employed and synthesized.
We have always had massive amounts of data, but they
have not been readily available, accessible, and/or useable.
Making specific data accessible, usable and relevant to
addressing key questions and problems as a normal part of
our scientific behavior are also central to our research
theme.

Research Theme: “Landscape Portals”
Generalized strategies for research in dry land areas have
been developed (Reynolds et al. 2007). However, we now
have capacities to more specifically contextualize science
for specific landscapes and their biophysical and human
dimensions. Imagine a specific landscape, as part of a
larger global network of landscapes, where that landscape
is described given 5 central concepts of this larger network:
• an internet access point to all relevant data and local
knowledge that can be used by a community of people
(i.e., land owners, scientists, land managers, teachers
and students, government bureaucrats, the general
public) to understand, evaluate, describe and analyze
this local landscape where they live and/or share
interests in those lands and their resources;
• a shared basis for describing ecological potential and
current ecological status of that specific landscape at
scales relevant to management and conservation;
• transparent and globally accessible source data sets
with geospatial specificity relevant to characterizing
those landscapes and the broader influences upon their
© 2013 Proceedings of the 22nd International Grassland Congress

Figure 3. The scientific method modified to incorporate
existing data from global networks (from Peters and Havstad
in review).

Figure 4. The contents of a geospatial portal accessible via the
Internet for a specific landscape project.

ecological nature;
• commonly available derived data sets that allow open
and debated interpretations relative to ecographic
characterizations of those specific landscapes; and
• a means whereby further information can be collected, stored and accessed for further analyses as this
landscape is managed by hypothesis testing in a
scientifically robust manner.
Some of these concepts have been applied to specific
landscapes in the past. Some classic examples have
originated out of Australia. Hinton (1995) conducted a
detailed study of ecological and economic conditions of
managed properties in Queensland. His analyses allowed a
rudimentary assessment of factors that contributed to
economic and ecological stability of the studied properties.
His work was conducted at the spatial scales we think are
important. However, his work lacked a quantitative,
repeatable manner in which to stratify these landscapes
based on key ecological features, and it lacked overall
transparency. More recently, Morton et al. (2011) provided
a framework for characterizing the ecological features of
arid Australia that could provide this needed basis for
stratification. However, that framework has not been
directly linked to management of these landscapes or to a
1035
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process that would provide the needed analyses to support
adaptive management.
To implement all of these concepts, we have developed
the use of geospatial portals via the Internet to contain all
elements of a landscape project (Fig. 4). A portal is defined
as a web page that provides access to many different
sources of information on a specific theme through a single
point. In addition to providing this requisite link to all
elements of a landscape project, portals can be con-structed
to provide secure access to levels of information deemed
private within a large system of public access to nonprivate sources of information and knowledge.
At the centre of this landscape portal theme is our postnormal science predicated on the ability to effectively
stratify the ecological heterogeneity of a landscape through
the use of the concept of ecological sites. Of additional
importance to this theme is the capacity of citizens to be
involved in science and data collection in a structured and
constructive manner. The purpose of this theme, though, is
to structure and implement a scientific approach that
supports adaptive management. This goal, which requires
contextualizing information and knowledge to the specifics
of a landscape and its environment, drives our efforts, and
has caused us to redirect our scientific culture towards this
theme.
Information and knowledge for specific landscapes is
organized within the portal to develop management scale
tests of hypotheses concerning conservation practices. The
design is structured to partner management and science,
and to collect relevant data from a number of global and
local sources. The purpose is to create a shared basis for
adaptive management (adapted from Peters and Havstad in
review).

Conclusions
Slightly over one-half of the world’s land surfaces are
defined as rangeland, and they are present on all continents.
The pressures on these lands to be productive for numerous
goods and services, but especially for food and fibre, will
not abate throughout the 21st Century. These lands will be
increasingly subjected to extreme climatic events as the
drivers of climate change continue without relief. Despite
their economic, ecological, cultural and social importance,
the need to continue to draw attention to these resources as
a focus for research and development will escalate as the
global population continues to be increasingly urban and
unconnected to these lands. We need to capture the interest
of the public in the issues facing these landscapes and the
science and management required to address these issues.
Technology can connect individual scientists and their
science to the variety of problems manifest in rangelands
over the world, in a more rapid exchange than has occurred
in the past. Recognition of local challenges, innovations,
and scientific tests of the effectiveness of our technological
solutions to these problems can keep pace with rapid
change and help us adapt to that change. We propose that in
a transparent manner we directly partner science and
management around specific landscapes and the conservation of those landscapes. This partnership for landscape
portals, where we openly conduct research in support of
adaptive management, is our emerging theme that could
translate to any specific landscape across the globe.
© 2013 Proceedings of the 22nd International Grassland Congress

Acknowledgements
Perspectives were strongly influenced by both the Long Term
Agro-Ecosystem Research program of the US Department of
Agriculture, Agricultural Research Service and the Long Term
Ecological Research program of the National Science Foundation
that are part of the Research Unit based at the Jornada
Experimental Range in South Central New Mexico, USA.
Funding provided by both NSF Grant #0618210 and USDA ARS
Project #6235-11210-007.

References
Adams MA (2013). Mega-fires, tipping points and ecosystem
services: Managing forests and woodlands in an uncertain
future. Forest Ecology and Management (in press).
doi:10.1016/j.foreco.2012.11.039
Ash A, Thornton P, Stokes C, Togtohyn C (2012). Is proactive
adaptation to climate change necessary in grazed rangelands?
Rangeland Ecology and Management 65: 563-568.
Bestelmeyer BT, Briske DD (2012). Grand challenges for
resilience-based management of rangelands. Rangeland
Ecology and Management 65, 654-663.
Bestelmeyer BT, Tugel AJ, Peacock GL Jr, Robinett DG, Shaver
PL, Brown JR, Herrick JE, Sanchez H, Havstad KM (2009).
State-and-transition models for heterogeneous landscapes: A
strategy for development and application. Rangeland
Ecology and Management 62, 1-15.
Bestelmeyer BT, Ward JP, Havstad KM (2006). Soil-geomorphic
heterogeneity governs patchy vegetation dynamics at an arid
ecotone. Ecology 87, 963-973.
Browning DM, Duniway MC, Laliberte AS, Rango A (2012).
Hierarchical analysis of vegetation dynamics over 71 years:
soil-rainfall interactions in a Chihuahuan Desert ecosystem.
Ecological Applications 22, 909-926,
Buyya R, Yeo CS, Venugopal S, Broberg J, Brandic I (2009).
Cloud computing and emerging IT platforms: Vision, hype,
and reality for delivering computing as the 5th utility. Future
Generation Computer Systems 25, 599-616.
Craglia M, de Bie K, Jackson D, Pesaresi M, Remetey-Fülöpp G,
Wang C, Annoni A, Bian L, Campbell F, Ehlers M, van
Genderen J, Goodchild M, Gua H, Lewis A, Simpson R,
Skidmore A, Woodgate P (2012). Digital earth 2020: towards
the vision for the next decade. International Journal of
Digital Earth 5, 4-21.
Dai A (2013). Increasing drought under global warming in
observations and models. Nature Climate Change 3, 52-58.
Estell RE, Havstad KM, Cibils AF, Fredrickson EL, Anderson
DM, Schrader TS, James DK (2012). Increasing shrub use by
livestock in a world with less grass. Rangeland Ecology and
Management 65, 553-562.
FAO (2011). FAOSTAT statistical database. Available at:
http://faostat.fao.org/site/573/default.aspx#ancor. Accessed:
December 2012.
Freedenthal C (2012). Energy independence edging closer to
reality. Pipeline and Gas Journal 239, August No. 8. 2p.
Funtowicz SO, Ravetz JR (1994). The worth of a songbird:
ecological economics as a post-normal science. Ecological
Economics 10, 197-207.
Gallant JC (2011). The ground beneath your feet: digital elevation
data for today and tomorrow. In: 19th International Congress
on Modeling and Simulation, Perth, Australia, December 1216, 2011 pp. 70-76.
Golub T (2010). Counterpoint: Data first. Nature 464, 679
Goodchild MF, Guo H, Annoni A, Bian L, deBie K, Campbell F,
Craglia M, Ehlers M, van Genderen J, Jackson D, Lewis AJ,
Pesaresi M, Remetey-Fülöpp G, Simpson R, Skidmore A,
Want C, Woodgate P (2012). Next-generation digital earth.
Proceedings of the National Academy of Sciences 109,
11088-11094.
1036

Tactical themes for rangeland research

Griggs D, Stafford-Smith M, Gaffney O, Rockström J, Öhman
MC, Shyamsundar, Steffan W, Glaser G, Kanie N, Noble I
(2013). Sustainable development goals for people and planet.
Nature 495, 305-307.
Herrick JE, Urama K, Karl JW, Boos J, Johnson M-VJ, Shepherd
KD, Hempel J, Bestelmeyer BT, Davies J, Guerra JL, Kosnik
C, Kimiti DW, Ekai EL, Muller K, Norfleet L, Ozor N,
Reinsch T, Sarukhan J, West LT (2013). The global landpotential knowledge system (landPKS): supporting evidencebased, site-specific land use and management through cloudcomputing, mobile applications, and crowdsourcing. Journal
of Soil and Water Conservation 68, 5A-12A.
Hey T, Tansley S, Tolle K, Eds. (2009). The Fourth Paradigm:
Data-Intensive Scientific Discovery. Microsoft Research,
Redmond, VA. 252p.
Hinton AW (1995). Land Condition and Profit, A study of Dalrymple Shire properties. State Project No. 90R535, The State
of Queensland, Department of Primary Industries. pp 41.
Holechek JL (2013). Global trends in population, energy use and
climate: implications for policy development, rangeland
management and rangeland users. The Rangeland Journal (in
press; http://dx.doi.org/10.1071/RJ12077).
Höök M, Li J, Johansson K, Snowden S (2012). Growth rates of
global energy systems and future outlooks. Natural
Resources Research 21, 23-41.
Hughes L (2003). Climate change and Australia: trends, projections, and impacts. Austral ecology 28, 423-443.
Karl JW, Herrick JE, Browning DM (2012). A strategy for
rangeland management based on best available knowledge
and information. Rangeland Ecology and Management 65,
638-646.
Kelling S, Hochachka WM, Fink D, Riedewald M, Caruana R,
Ballard G, Hooker G (2009). Data-intensive science: A new
paradigm for biodiversity studies. Bioscience 59, 613-620.
Mathews AJ (2013). Applying geospatial tools and techniques to
viticulture. Geography Compas 7, 22-34.
McConnell M, Burger LW (2011). Precision conversation: A
geospatial decision support tool for optimizing conservation
and profitability in agricultural landscapes. Journal of Soil
and Water Conservation 66, 647-354.
Michener WK, Jones MB (2012). Ecoinformatics: Supporting
ecology as a data-intensive science. Trends in Ecology and
Evolution 27, 85-93.
Miller R, Loder A, Polson J (2012). Energy growth has vast
implications for U.S. Pipeline and Gas Journal 239,
February No. 3. 4p.
Morton SR, Stafford Smith DM, Dickman CR, Dunkerley DL,
Friedel MH, McAllister RRJ, Reid JRW, Roshier DA, Smith
MA, Walsh FJ, Wardle GM, Watson IW, Westoby M (2011).
A fresh framework for the ecology of arid Australia. Journal
of Arid Environments 75, 313-329.
NASA (2013). Global fire maps. Available at: http://rapidfire.

© 2013 Proceedings of the 22nd International Grassland Congress

sci.gsfc.nasa.gov/firemaps. Accessed: March 2013.
Nouni MR, Mullick SC Kandpal TC (2008). Providing electricity
access to remote areas in India: An approach towards
identifying potential areas for decentralized electricity
supply. Renewable and Sustainable Energy Reviews 12,
1187-1220.
Peters DPC (2010). Accessible ecology: synthesis of the long,
deep, and broad. Trends in Ecology and Evolution 25, 592601.
Peters DPC, Belnap J, Ludwig JA, Collins SL, Paruelo J,
Hoffman MT, Havstad KM (2012). How can science be
general, yet specific? The conundrum of rangeland science in
the 21st century. Rangeland Ecology and Management 65,
613-622.
Peters DPC, Havstad KM (2013). Science in the time of big data:
revolutionizing the scientific method (in review).
Ranaboldo M, Ferrer-Marti L, Garcia-Villoria A, Moreno RP
(2013). Heuristic indicators for the design of community offgrid electrification systems based on multiple renewable
energies. Energy 50, 501-512.
Reynolds JF, Stafford Smith DM, Lambin EF, Turner II BL,
Mortimore M, Batterbury SPJ, Downing TE, Dowlatabadi H,
Fernandez RJ, Herrick JE, Huber-Sannwald E, Jiang H,
Leemans R, Lynam T, Maestre FT, Ayarza M, Walker B
(2007). Global desertification: Building a science for dry
land development. Science 316, 847-851.
Sayre NF, deBuys W, Bestelmeyer BT, Havstad K (2012). “The
range problem” after a century of rangeland science: New
research themes for altered landscapes. Rangeland Ecology
and Management 65, 545-552.
Sheffield J, Wood EF (2008). Projected changes in drought
occurrence under future global warming from multi-model,
multi-scenario, IPCC AR4 simulations. Climate Dynamics
31, 79-105.
Shell (2008). Shell energy scenarios to 2050. http://www. shell.
com/scenarios/. Accessed April 18, 2011.
Steele, CM, Bestelmeyer BT, Smith PL, Yanoff S, Burkett LM
(2012). Spatially-explicit representation of state-andtransition models. Rangeland Ecology and Management 65,
213-222.
Tedim F, Remelgado R, Borges C, Carvalho S, Martins J (in
press) Exploring the occurrence of mega-fires in Portugal.
Forest Ecology and Management. doi:10.1016/j.foreco.
2012.07.031.
US Geological Survey (2008). Global land cover characterization.
Version 2, Available at: http://edc2.usgs.gov/glcc/glcc.php.
Accessed 29 June 2011.
Van Auken OW (2009). Causes and consequences of woody plant
encroachment into western North American grasslands.
Journal of Environmental Management 90, 2931-2942.
Walters CJ, Holling CS (1990). Large-scale management
experiments and learning by doing. Ecology 71, 2060-2068.

1037

