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Critical Zone:

• Term published by the U.S. National 
Research Council in 2001 BROES report

= Thin veneer at Earth’s surface spanning 
from the top of vegetation canopy through
soil to deep in the subsurface where fresh 
groundwater circulates.

Data, data everywhere
Earth 530: Earth surface processes in the Critical Zone
Tim White (tsw113@psu.edu)
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Tropical rainforest:
- Extensive forest canopy with

complex understory
- Thick mature soils and

deep weathered regolith
- Potentially deep aquifers
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Longyearbyen Valley,
Spitsbergen

Polar realm:

- Stunted vegetation
- Thin discontinuous soils
- Permafrost
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Soil is a central component of the Critical Zone

Important for:
- agriculture
- water filtration
- C sequestration
- biodiversity

But the CZ is much more…..
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Soil exists at the “heart” of the Critical Zone

Important for:
- agriculture
- water filtration
- C sequestration
- biodiversity

But the CZ is much more…..
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Societal relevance:

The zone within which most terrestrial 
life exists and depends on.

Ongoing climate and land use changes 
to the zone may stress terrestrial life 
including humanity – thus a better 
understanding of CZ processes and 
function may aid adaptation to change.
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Total global gross domestic product (2013):  US$74.3-87.3 trillion
(source: Wikipedia)
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* Pollination
* Fulfillment of cultural, spiritual/intellectual needs
* Regulation of climate
* Insect pest control
* Maintenance and provision of genetic resources
* Maintenance and regeneration of habitat
* Provision of shade and shelter
* Prevention of soil erosion
* Maintenance of soil fertility
* Maintenance of soil health
* Maintenance of healthy waterways
* Water filtration
* Regulation of river flows and groundwater levels
* Waste absorption and breakdown

Critical Zone Services

If we allow natural assets to decline, so do the benefits. 
But if we care for and maintain natural assets, we will reap 
greater returns.
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CZOs have drafted an ontology that describes the structure of the data
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All that CZO data is publicly available…....
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Outreach: criticalzone.org
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Outreach to secondary education community:

http://criticalzone.org/national/education-outreach/k-12-education-1national/

http://criticalzone.org/national/education-outreach/k-12-education-1national/
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Outreach to secondary education community:

http://criticalzone.org/national/education-outreach/k-12-education-1national/

http://criticalzone.org/national/education-outreach/k-12-education-1national/
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Outreach to secondary education community:
Earth 530 integrates various 
scientific disciplines that include
the study of: 

• weathering and soils
• landforms and landscapes
• erosion and sedimentation
• hydrogeology
• low-temperature geochemistry
• biology and ecology
• Earth systems

Upon completion students can apply 
knowledge of fundamental concepts 
to understanding how they affect 
our daily lives in the Critical Zone. 

The concepts covered in the course
are based on ongoing research funded 
by the U.S. National Science Foundation and the European Commission.
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Critical zone science is transdisciplinary
• different disciplines working jointly

Thus Earth 530 aligns well with the three dimensions of science 
learning of the Next Generation Science Standards:

• Crosscutting concepts

• Science and Engineering practices

• Disciplinary core ideas

Science is both a body of knowledge and an
evidence-based model and theory building
enterprise that continually extends, refines,
and revises knowledge.

The three dimensions are combined to form 
Standards.  
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A unique facet of critical zone science is that it considers 
depth in time and space, that is a geological perspective, 
that might otherwise be disregarded in the classical 
Earth surface and environmental sciences. 
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South facing slope, Tussey Mountain, near Pine Grove Mills, Centre/Huntingdon Cty, PA
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Chugach Mountains, Alaska
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Talkeetna Mountains, Alaska
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Mars
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Water is life. CZ processes are mediated by freshwater.
How many of you or your students can answer a 
simple question like:

“Where does a raindrop go when it hits Earth’s surface?” 
or 

“Where does the stream behind our school ?” 
or

“Where does the water in our well at home come from?”
or

“is the stream behind our school flowing less (or more) 
than it was last year, or ten years ago, or…...?
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