
NSF Environmental Science:  
The role of Biology 
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Skunk cabbage in bloom. This flower melts its way up through the snow. A sure sign that spring must be almost here!



Context… 

What is on the horizon? 

Biocomplexity in the Environment 
SEES: Science Engineering and Education for Sustainability 
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The 2000 NSB report called for environmental research, education and scientific assessment to be one of NSF’s highest priorities.
It also called for NSF management to develop an effective organizational approach that meets all of the criteria required to ensure a well-integrated, high-priority, high-visibility, cohesive, and sustained environmental portfolio within the foundation.

In response, NSF created an external advisory committee (ACERE) with members from each of the directorate ACs as well as others, and an internal Working Group for ERE. The red, blue and green reports were products of these groups, and provided valuable direction to the Foundation’s efforts in environmental areas. Most visible were the BE and SEES initiatives. SEES is now sunsetting.



What is changing? 
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Environments are changing rapidly in novel and unexpected ways
Climate & disturbance regimes are being seen that have not been experienced by species in their recent evolutionary history
 Fire frequencies in the west have dramatically increased. Invasive bark beetles, drought.
 The polar ice caps are shrinking at alarming rates.
 Habitats are shrinking and becoming increasingly fragmented, due in part to human activities such as logging and burning in Amazonia.
 Humans are also introducing species into habitats where they did not evolve, and where their native enemies are not present that might control their population growth.
Now biology faces major new challenges to employ its new tools in an effort to forecast how systems will respond to these accelerating changes. This will take all of our understanding at levels ranging from the genome to the ecosystem.



What is changing? 
• Rapid evolution modifying traits and 

dispersal of organisms 
 

• Novel ecosystems emerging globally 
from feedbacks among processes 
operating at multiple scales 
 

• Changing nature of species interactions 
 and ecological functions 
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Rapid evolution: lizards and other species evolving on ecological time scales; i.e. “real time”
Vines invading as CO2 increases, changing from forest balance to much larger proportion of vines; 
Novel ecosystems from exotic invasive insects, plants, and microbes (e.g. fungi, Chestnut blight) as well. 
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SCOPE 

SUBJECT 

SCALE 

What is changing? 
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In the recent decade-plus, we have seen subject move from disciplinary, to multi-disciplinary, to interdisciplinary (i.e. integrated multidisciplinary)
Scales now include broader spatial and temporal scales than were possible 40 years ago (e.g. LTER)
Scope is also expanding, as investigators address similar processes and questions in different systems.
These changes are happening in the community, reflected in proposals to the core. 



Individual Site Based Data 

10’s of sites  
Question-driven monitoring  
Somewhat networked  
Long-term experiments 
10 – 100’s sensors 
Gigabytes3, eventually  

Regional-Continental Data 2015 – 2017  

100‘s – 1000’s of sites  
Standardized monitoring  
Deliberately networked 
Long-term observations 
10,000 – 100,000’s sensors  
Yottabytes8 online, real-time 

Environmental Science Event Horizon 
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We are just entering an event horizon, the confluence of unprecedented environmental change and anticipated data deluge from observing systems about to come on line



Resolution (frequency) 

Spatial  
extent 

Annual 

100 km 

Monthly Weekly Daily Hourly Min.    Sec.                  Millisec. 

10 km 

1 km 

100 m 

10 m 

1 m 

10 cm 

Selections from Ecology 2003 Source: Porter, Arzberger, Hanson, Lin, Kratz, et al. Bioscience (2005) 

New Earth 
Observing  
Networks 

Existing  
Site-based 
Networks 

Site-specific 

Environmental Science Event Horizon 
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New earth observing networks will operate for decades, and provide data at a very high resolution (frequency).

This provides bold new opportunities, but many challenges as well.



…that focuses on poorly-
understood biological processes, 

functions and feedbacks that 
drive and respond to rapid, large 

scale and novel change   

Vision: A new biology of unprecedented 
environmental change...  

Potential partners: 
  BIO            GEO 
  ENG           SBE  
  EHR            others 

“Horizons” initiative? 
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Our vision is for an initiative that takes advantage of the new capabilities, in the context of the unprecedented environmental change.
It should focus on poorly-understood processes (not just biological, although those are linked to many other patterns and changes), 
and should by design consider how biotic systems drive and respond to rapid, large scale and novel change



Key challenges: 
• Coupling new data streams with classic process-based 

approaches 
• Linking theoretical frameworks across scales of inquiry 
• Integrating modes of research (observations, 

experiments, models) to develop process-based 
understanding of pattern across levels of organization 

“Horizons” initiative? 
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In addition to providing the new data streams, NSF has a unique role to enable the community to couple these with classic process-based approaches.

There is  a significant need to link theoretical frameworks across scales of inquiry.

A major challenge will be for the community to develop process-based understanding of pattern across levels of organization.



Framing priorities: 
• Cooperative engagement among broad domains of 

study to prioritize investments 
• Next-generation training to bridge conceptual and 

tactical gaps between current biological work and 
emerging EON investments  

• Strategic domestic and international  
partnerships to leverage efforts 
 

“Horizons” initiative? 
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In order to frame this initiative properly:

We need to engage various domains of study that are related to the vision, 

Ensure that training is in place to allow the next generation of researchers to best use the observatory outputs, 

And develop partnerships to leverage efforts



What are the priorities for BIO in a  
“Horizons” initiative? 
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As the BIO AC, we are looking to you to help define what the next years of environment initiative will look like from a BIO perspective. 
ACERE is charged with looking across all of NSF. 
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