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Earth and Environmental System Modeling

IHESD: EXPLORING DYNAMICS IN GLOBAL
HUMAN-EARTH SYSTEM INTERACTIONS,
RESPONSES, AND FEEDBACKS
The Integrated Human-Earth System Dynamics (IHESD)
scientific focus area is improving the integrated understanding
of the drivers, responses, and feedbacks in global earth system
evolution, with a focus on energy, water, land, climate, and
the economy.
The research vision is to deliver scientific advances through
next-generation, community human-earth modeling and research
to address emerging issues at the intersection of energy, water,
land, the economy, and the environment at national to global
scales. This work is done at resolutions that permit robust
scenario exploration and uncertainty characterization.

HUMAN SYSTEMS AND EARTH
SYSTEM INSIGHT
Models created by IHESD provide insights into the behavior
of human systems at global scales; they illustrate how those
systems both influence and are influenced by the earth system.
Moreover, IHESD research captures emergent behaviors
produced by the complex interactions among different sectors
and regions. It incorporates insights from disciplinary models
and studies but does not seek to reproduce the level of detail
seen in disciplinary science.

SUPPORTING MODEL DEVELOPMENT
The IHESD project develops and uses the Global Change
Analysis Model (GCAM) along with a suite of dedicated,
open-source systems models that include Demeter (global
land-use downscaling) , Hector (climate emulator), Xanthos
(global hydrology), Fldgen (climate variability emulator), and

Tethys (global water demand downscaling), to name just several.
Notably, GCAM is recognized as a leading human-earth systems
model since its inception more than three decades ago.
With a major domestic and international user-base and model
training program, GCAM has made critical contributions to the
understanding of how energy technologies, hydrology, the
integrated water cycle, land-use practices, and other human
activities influence earth system dynamics. It has also been
the foundation for developing plausible future scenarios that
are used in science-based environmental and energy research.
Over the years, the complexity of GCAM has evolved
commensurate with scientific questions about how human
and earth systems interact.
At its core, GCAM is an economic model with detailed physical
system representations of energy, water, land, biogeochemistry,
and climate components. GCAM is also used to represent the
human component of the U.S. Department of Energy’s (DOE’s)
Energy Exascale Earth System Model (E3SM).

Funding and Participating Institutions
IHESD is sponsored by the Office of Science through the
MultiSector Dynamics program area. The diverse research
team includes two national laboratories and nine universities:
• Pacific Northwest National
Laboratory (lead)

• Pennsylvania State
University

• Lawrence Berkeley
National Laboratory

• Tufts University

• Boston University
• Columbia University
• Cornell University
• Iowa State University

• University of CaliforniaDavis
• University of Illinois
Urbana-Champaign
• University of Maryland
Example of the interlinked systems available in GCAM v5.2
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SCIENCE QUESTIONS
AND SCIENTIFIC ADVANCES
The IHESD focus has evolved from its early days, focused on
a limited number of highly aggregated systems, to its present
form that considers multiple interactions (energy-water-landeconomy-climate) at greater temporal, spatial, and process
resolution (regional-national-global and seasonal to centennial).
The research team focuses on two central science questions:
• How do climate variability and extreme events interact with
evolving human systems and alter long-term human-earth
system dynamics at national to global scales?
• How does uncertainty about economic decision making
propagate through projections of land use, energy, and
water systems across regions globally?
IHESD research has led to a range of important scientific
advances in GCAM, including:
• Representation of sub-annual dynamics such as electricity
dispatch decisions and agricultural planting and harvesting
decisions.
• Representation of groundwater storage to balance water
supply and demand at the river basin scale, with agricultural
and electricity sector responses to water limitations.
• Improved emulation of temperature and precipitation,
and representation of the impacts of temperature and
precipitation on land use and land cover, electricity
production, electricity demands, and water resources.
• Advances in the representation of trade, demands, and
economic linkages, and improvements in hindcasting
capabilities for model evaluation.
• Improving GCAM’s computational capabilities, bringing
forward a range of new visualization abilities, producing
and distributing data products, and supporting the GCAM
user and development communities.

The implications of depleting local groundwater resources on energy
and agricultural sectors: This figure illustrates the impacts of water
constraints on (a) irrigated and (b) rainfed crop production by 2100.
Depleting groundwater resources may amplify or suppress the factors
impacting agricultural sectors during drought conditions and how these
effects reverberate around the world.

LOOKING FORWARD

CONTACTS

IHESD research is positioned to lead scientific advances
by improving the integrated understanding of the long-term
co-evolution of coupled human-earth systems and their
complex interactions. A key focus is understanding how human
and earth systems interact with one another globally and
regionally in response to short- and long-term perturbations
and implications of these complex interactions and feedbacks
for the co-evolution of energy, water, land, economic, and
climate systems.
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