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So What’s The Deal With 
Forecasting Ecology?





What should we talk about?

• The ecosystem of weather forecasting
• Symbiosis of models and data
• The current landscape of ecological 

forecasting
• Future evolution of the field in an era of 

global change



What should we talk about?

• The ecosystem of weather forecasting



https://earth.nullschool.net/#current/wind/surface/level/overlay=temp/equirectangular





http://mp1.met.psu.edu/~fxg1/ENSPRS_12z/ensloop.html



“Does the flap of a butterfly’s wings in Brazil set off a tornado in Texas?” 
-(Lorenz 1972)

Predictability in a deterministic nonperiodic flow

Courtesy of A. Subramanian (Scipps)



“Finite time for error in representation of small scales to affect accuracy of simulation of 
large scales, no matter how small in scale and hence amplitude this model error is” 

-(Lorenz 1969)

Sensitive dependence to initial conditions

r = 28, σ = 10, and b = 8/3

source: wikipedia
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What should we talk about?

• The ecosystem of weather forecasting
• Symbiosis of models and data



Navier-Stokes
a.k.a Newton’s Second Law 

for a “Newtonian” Fluid

+ Conservations of Mass, Conservation of Energy 
(Electromagnetic radiation, Enthalpy, and Entropy), phase 
changes of water, equation of state, all on a rotating sphere, 
discretized and land, ocean, ice boundary conditions
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Model spread needs to be 
constrained by data



Applications of Bayes’ Rule



Lots of names, similar ideas
• Model-data fusion
• Data assimilation, dynamical state updating
• 4DVAR / 3DVAR variational adjoint method
• Maximum likelihood
• Bayesian hierarchical assimilation
• Parameter optimization
• Particle filters
• Markov Chain Monte Carlo (MCMC)
• Kalman Filter / Ensemble Kalman Filter

• So Moving from Weather to Ecology…



1st Problem: Putting ecology in Earth System Models



Schaefer et al., 2012



2nd problem: Dominant uncertainty changes







3rd problem: Observations are big and long!

Ferguson	et	al.,	2014
Nature	Neuroscience



3rd problem: Observations are big and long!



“ T H E  P R O C E S S  O F  P R E D I C T I N G  T H E  S T A T E  
O F  E C O S Y S T E M S , E C O S Y S T E M  S E R V I C E S ,  

A N D  N A T U R A L  C A P I T A L ,  W I T H  F U L L Y  
S P E C I F I E D  U N C E R T A I N T I E S ,  A N D  I S  

C O N T I N G E N T  O N  E X P L I C I T  S C E N A R I O S  F O R  
C L I M A T E ,  L A N D  U S E ,  H U M A N  P O P U L A T I O N ,  
T E C H N O L O G I E S ,  A N D  E C O N O M I C  A C T I V I T Y ”

Science 2001





What should we talk about?

• The ecosystem of weather forecasting
• Symbiosis of models and data
• The current landscape of ecological 

forecasting







http://data.usanpn.org/npn-viz-tool/

Jake	Weltzin ,	National	Phonological	Network



http://data.usanpn.org/npn-viz-tool/

Jake	Weltzin ,	National	Phonological	Network



http://ecrl.eas.
cornell.edu/no
de/60

Toby Ault
Cornell



http://phenology.naturecast.org/Shawn	Taylor,	Ethan	White,	U	Florida



https://phenocam.sr.unh.edu/webcam/gallery/

Andrew Richardson, Northern Arizona U



Squeezing more information out of flux towers

Desai,	2010



Slides courtesy of K.C. Weathers, Cary Institute and GLEON

Algal Bloom in Taihu, 12 Jul, 2007, Guangwei Zhu



Early-warning the harmful algal bloom
EMB01 EMB02 EMB03 EMB08

EMB10 EMB11 EMB12 EMB13 EMB14

13 High frequency monitoring systems were built for basic data of the model 
(Guangwei Zhu)



The 3-days forecasting and 
early-warning report of 
harmful algal to public

Courtesy of Guangwei Zhu





http://www.penguinmap.com/Dashboard/ (Heather	Lynch,	Stony	Brook)



https://portal.naturecast.org /

Ethan White’s and Morgan 
Ernest’s lab groups at the University 
of Florida



https://theconversation.com/can-scientists-learn-to-make-nature-forecasts-
just-as-we-forecast-the-weather-90822

NASA with satellite data helped the U.S. Department of Agriculture analyze 
outbreak patterns for southern pine beetles in Alabama, in spring 2016



Walker	et	al.	2014	J	Geophys Res
Also:	De	Kauwe et	al.	2013	Global	Change	Biol;	De	Kauwe et	al.	2014	New	Phytol;	Zaehle et	al.	
2014	New	Phytol;	Walker	et	al	2015	Global	Biogeochem.	Cycles;	Medlyn	et	al.	2015	Nature	CC;	
Medlyn	et	al.	2016	Global	Change	Biol;	De	Kauwe et	al.	2017	Global	Change	Biol

FACE Model-Data Synthesis Project
Belinda	Medlyn,,	Western	Sydney	University	



Medlyn et	al.	2015	Nature	CC



What should we talk about?

• The ecosystem of weather forecasting
• Symbiosis of models and data
• The current landscape of ecological 

forecasting
• Future evolution of the field in an era of 

global change





Rogelj et al 2012





Lovenduski et	al.,	2017



T H E  N E O N  P R O J E C T :  
A D D R E S S I N G  S C I E N C E  C H A L L E N G E S



NEON provides a highly coordinated national system for 
monitoring a number of critical ecological and environmental 
properties at multiple spatial and temporal scales.



81
• 47 terrestrial
• 34 aquatic

180
DATA 

PRODUCTS 

Approximately

FIELD SITES

NEON’s field sites and data products

H T T P : / / D A T A . N E O N S C I E N C E . O R G / H O M E



http://ecoforecast.org

https://press.princeton.edu/titles/11048.html	



Parting Thoughts
• Ecological forecasting draws on a rich history in data 

assimilation from fields such as weather forecasting
• Ecological observations are growing rapidly in 

abundance and diversity
• Rapid global change requires a forecasting approach to 

reduce uncertainty on the future of terrestrial and 
aquatic ecosystems

• Students should take advantage of growing number of 
books, databases, coding and statistical tools, tutorials, 
workshops, summer schools, and classes on this topic to 
stay at the forefront of the discipline



THANKS!
Ankur Desai, desai@aos.wisc.edu, @profdesai
+1-608-520-0305, http://flux.aos.wisc.edu


