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The research mission of the Department of Earth and Environmental Sciences at the University of Michigan is to
understand the origin, evolution and future of the Earth.  This includes how it formed as a planet, how it progressed
to its present state, how life originated and evolved on Earth, how the solid earth, oceans, atmosphere and
biosphere interact, and how the Earth’s climate and environment have changed in the past and will continue to
change as a result of human activities.  The Department uses experimental, observational and modeling approaches
that integrate physics, chemistry, biology and geology.

Research focused on the dynamic Earth is important and urgent due to its direct relevance to humanity.  The Earth
is our only home, and it is under stress to remain hospitable for all of its inhabitants with growing industrialized
development across the globe.  Areas of expertise within the geosciences directly contribute to effective management
of the Earth’s environment to maintain and improve standards of living for all populations.

To better explain who we are and what we do, we have identified six topical areas central to our discipline and
into which our departmental research and/or teaching can be grouped.  Collectively, these areas of Earth and
Environmental Sciences impact human health, economic prosperity and national security, and enlighten human
intellectual thought.



(1) Resources: Energy, Minerals, Water, Soil

Globalization, population growth, and aspirations to raise standards of living around the world have put increasing demands on Earth’s
resources, including fossil fuels, metals, potable water, and fertile soil.  The increasing rate at which advanced and developing countries
are consuming these resources has led to shortages, which in turn can stifle economic growth and trigger international conflicts.
Exploration for new oil, gas, and mineral deposits, and the exploitation of alternative energy sources such as those obtained from Earth’s
internal heat, wind and water flow, depend on a workforce that understands the geological processes key to the exploration, exploitation,
and sustenance of these resources.  Furthermore, the decreasing availability of fresh water due to population growth and climate change
is expected to make water the most precious commodity of the 22nd century.

(2) Environmental Risks

The extraction and utilization of mineral and energy resources often places environmental quality at severe risk.  This jeopardizes human
health and the global economic prosperity through hidden costs.  For example, mining and drilling operations can lead to the delivery
of toxic heavy metals into groundwater.  Coal-burning power plants often release mercury that is bio-accumulated in the food web of
rivers, coastal zones, and open oceans.  The April 2010 oil well blowout in the Gulf of Mexico brought renewed attention to the
environmental problems of large oil spills in our deep oceans as onshore resources become scarce.  Alternative energy sources also have
challenges, such as the question of how to safely store radioactive nuclear waste for tens of thousands of years and maintain the safety
of nuclear reactors during natural catastrophes, as illustrated by the aftermath of the March 2011 earthquake and tsunami in northern
Japan.  Several areas of expertise in our department (e.g. hydrology, mineralogy, aqueous geochemistry, isotope geochemistry, physical
oceanography, geomicrobiology) are required for a scientific understanding of these environmental problems.

(3) Global Climate Change

Climate change, through natural causes and anthropogenic activities, is rapidly altering the planet on which we live. In the last century,
Earth’s surface temperature has increased by 0.8°C, sea level has risen, glaciers have receded or disappeared, and the oceans have
become more acidic. The signs of climate change are everywhere, in the Australian floods of 2011, the Russian heat wave of 2010, the
rapid Arctic sea-ice decline, the African drought, and the migration of species to higher latitudes and elevations.  In the future, climate
change is predicted to accelerate and cause escalating impacts on natural environments, biodiversity, human health, food and water
availability, and economic systems.  The science of climate change seeks to understand, through investigations of past and modern
systems, the interactions between the atmosphere, ocean, land surface, cryosphere and biosphere in order to predict how future climate
change will be manifested and what the consequences will be for natural systems and human populations.

 (4) Natural Hazards

Natural disasters such as volcanic eruptions, earthquakes, tsunamis and hurricanes are having an increasing impact on society due to
increased global population growth and the proximity of population centers to plate boundaries and coastal areas.  The Japan, New
Zealand and Haiti earthquakes of 2010 and 2011, Hurricane Katrina in 2005, and the tsunamis in Sumatra (2004) and Japan (2011) are
vivid reminders that geological hazards can wreak profound devastation on human populations.  Even relatively minor volcanic eruptions,
such as the 2010 ash clouds from the Icelandic volcano, can cause significant economic disruption.  Understanding the cause and physical
manifestations of these various natural hazards is critical for the determination of risk and the design of early-warning systems, building
codes, and other protocols to preserve life and property.

(5) Earth Materials

Accurate knowledge of the materials that make up the Earth holds the key to understanding the dynamics of the Earth’s interior and
the interactions between the solid Earth and the hydrosphere, atmosphere and biosphere.  Earth and environmental scientists are at
the leading edge in characterizing the reactivity and rheology of complex minerals and melts at ultra-high temperatures and pressures,
the behavior of material under high levels of nuclear radiation, and the biological interaction with mineral surfaces.  The materials science
training available to our graduate students can lead to careers in the nuclear, ceramics, glass, semi-conductor, metallurgy, and biotechnology
industries, as well as in academia.

 (6) Co-Evolution of Life and Planet Earth

Earth is the only astronomical body where life is known to exist, and the discipline of Earth Science is central to the question of how life
began and evolved.  Various physical attributes of planet Earth were undoubtedly key to life’s origins: its proximity to the Sun, a magnetic
field to protect its nascent atmosphere, the stabilization of liquid water on its surface and volcanism beneath the oceans to produce
chemical and thermal gradients.  Once life was established, it exerted a profound influence on the physical evolution of planet Earth.
The proliferation of photosynthetic bacteria radically transformed the composition of the atmosphere, in turn facilitating the colonization
of life on land.  Reaction of the oceanic crust with seawater, often facilitated by microbial activity, and its subsequent subduction into
the Earth’s interior, has changed the composition and rheology of the underlying mantle, with long-term implications for plate tectonics,
volcanism, mountain-building events, and climate.  Plate tectonics has continuously replenished nutrients to soils and moderated climate
and ocean composition, fundamentally affecting the evolutionary history of life on Earth.  In short, the co-evolution of life and planet
Earth has been profound and complex.  This area of inquiry unites all the sub-disciplines within our department (paleontology, geophysics,
geochemistry, climate science) in addressing some of the most fundamental of human questions, that of our origin and the possibility
of extra-terrestrial life.


