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Expertise

• Principal Investigator of NSF-funded Ecological Forecasting 
Initiative Research Coordination Network
• Develop nationally used training modules in ecological 

forecasting
• Research on forest demographic responses to nitrogen and 

sulfur deposition is informing the “Integrated Science 
Assessment for Oxides of Nitrogen, Oxides of Sulfur and 
Particulate Matter - Ecological Criteria” by the U.S. 
Environmental Protection Agency (EPA). 



Decisions are being made in 
the context of a rapidly 
changing environment



EPA works to ensure that:
• Americans have clean air, land and water;
• National efforts to reduce environmental risks 

are based on the best available scientific 
information;

https://www.epa.gov/aboutepa/our-mission-and-what-we-do



EPA works to ensure that:
• Americans have clean air, land and water;
• National efforts to reduce environmental risks 

are based on the best available scientific 
information;

https://www.epa.gov/aboutepa/our-mission-and-what-we-do

Involves developing forecasts
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Predicting nature like we predict weather



The ecological sciences are undergoing a transformation 
similar to meteorology and weather forecasting 

Data-model fusion (aka: data assimilation)

Images: ECMWF
http://wxguys.ssec.wisc.edu
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Lewis et al. In Review (pre-print: https://doi.org/10.32942/osf.io/khwdf)



Near-term iterative forecasting helps anticipate 
ecological responses to environmental stressors
• Forecast: a probabilistic prediction of the future
• Iterative: repeated forecasts that can be evaluated with data so to 

gain knowledge from the evaluation and update forecast models
• Near-term: forecasts at a time-scale that allows for evaluation -

ranges from daily to decadal



Harnessing the data revolution



Harnessing the data revolution

- Mechanistic
- Traditional statistical models
- Machine Learning/AI
- Knowledge guided ML



Harnessing the data revolution
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Cloud-based, event driven, secure transfers

Daneshmand et al. eScience Accepted

”On-demand"
Function 

as a 
Service



Fall turnover = high iron, manganese, and 
phosphorus from sediments mixed to surface

Photo Credit: Bethany Bookout

Thomas et al. 2020 Water Resources Research



Field of ecological forecasting is rapidly growing 
with an emerging community of practice

https://ecoforecast.org/

https://ecoforecast.org/member-forecasting-profiles/



Looking forward

• EPA collaborates with and fund federal, state, and 
university forecasting efforts to collectively elevate the 
quantity, quality, and utility of ecological forecasts
• USGS, NASA, NOAA and others have emerging 

ecological forecasting thrusts
• EPA increases the integration of near-term iterative 

ecological forecasting into decision support 



Bradford, J.B. et al. 2020, Ecological forecasting— 21st century science for 21st century management: U.S. Geological 
Survey Open-File Report 2020–1073, 54 p., https://doi.org/10.3133/ofr20201073. 



Looking forward

• EPA increases the use of iterative analyses that automatically 
update as more data become available



Millions of remeasured trees by US Forest Service
Changes in atmospheric deposition

Millions of remeasured trees by US Forest Service 
Changes in atmospheric deposition

How has the sensitivity to nitrogen and sulfur deposition changed?



Looking forward

• Capacity building in ecological forecasting
• Support for university training, post-doctoral programs, in-house 

staff with expertise 



Near-term iterative forecasting is a win-win

Basic 
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of quantitative 
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Thank you!


