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Science 2008
Environmental



NASA Carbon Monitoring Stakeholder Survey 
data courtesy Edil Sepulveda Carlo
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ITERATIVE FORECASTING CYCLE

Dietze et al 2018 PNAS



Fi
gu

re
: T

. M
cC

ab
e

ITERATIVE FORECASTING CYCLE

F O R E C A S T S  A R E  
Q U A N T I TAT I V E ,  
S P E C I F I C ,  &  FA L S I F I A B L E  

Dietze et al 2018 PNAS



L E A F  P H E N O L O G Y

+ o+ MODIS
• Phenocam

LEAVES ON

LEAVES OFF

L A K E  T U R N O V E R
S M A RT R E S E R V O I R . O R G
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R E A L  T I M E  S C I E N C E



R E A L  T I M E  S C I E N C E



Dietze,	Wheeler,	Zarada: 
Fluxes	&	Phenology

Weathers	&	GLEON:	Aquatic	Productivity

LaDeau	&	Foster: 
Ticks	&	Small	
Mammals

Bhatnagar,	Averill,	&	Werbin:	
Microbial	diversity

NSF Macrosystems



H O W  D O  W E  M E A S U R E  P R E D I C TA B I L I T Y ?

initial cond.

drivers

parameters

random effects

process error



T E R R E S T R I A L  C A R B O N  D ATA  A S S I M I L AT I O N

M O D E L

Fx

Fx

Obs

IC

Param

D ATA

Forecast

Analysis

Drivers

Tree-ring AGB (1) 
NEE, LE (2) 
MODIS LAI (2,3) 
LandTrendr AGB (3) 

Ameriflux 

BADM 

MET 

HPDA

NASA 80NSSC17K0711 
NSF 1458021, 1638577, 1926388 

Process Error
Raiho et al. 2020Fer et al 2018

22	Ameriflux 
NEE	&	LE

TWEnF

1. U N C E RTA I N T Y  PA RT I T I O N I N G  &  A L G O R I T H M  D E V E L O P M E N T  
2. 1 6 - D AY  F O R E C A S T   
3. C O N U S - S C A L E  R E - A N A LY S I S



Uncertainty Partitioning

Process Error x Initial Conditions

Process Error

Driver

Driver x Initial Conditions

Parameters x Initial Conditions

Parameters

Raiho et al 2020 Biorxiv

• IC dominates & 
decays slowly 

• “Spin up” 
untenable 

• Process error 
needs to be 
estimated (not 
tuned) and 
propagated

Aboveground Biomass, Harvard Forest, MA



1 6 - D AY  C A R B O N  A N D  WAT E R  F O R E C A S T



CONUS C Flux 
Reanalysis

GPP

NPP

NEP



D I S C O V E R  W H E T H E R  
N AT U R E  I S  P R E D I C TA B L E



D I S C O V E R  W H E T H E R  
N AT U R E  I S  P R E D I C TA B L E

Experiment Experiment Experiment



ecoforecast.org 
@eco4cast





+ Student association 
+ Canadian chapter

PA RT N E R S



PA RT N E R S  &  S O C I A L  S C I

Build bridges spanning academia, agencies, 
industry, community science, stakeholders.

How forecasts could be used to improve 
decisions, and how are they used in practice?



• Building a diverse, 
equitable, and inclusive 
community 

• Development and 
refinement of open 
courseware 

• Support educational 
opportunities

Education & 
Diversity 

EFI/NEON Fundamentals of Ecological Forecasting
https://bit.ly/3fJsTwC
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EFI/NEON Fundamentals of Ecological Forecasting
https://bit.ly/3fJsTwC



Open Archive 
Standards

Community 
Cyberinfrastructure

Test Theory
Improve  

Dissemination

Forecast Archive

Independent 
Validation

Common 
Analyses
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Economies 
of Scale



Predictability

Evolution & 
Phylogeny

Physical Environment 
(Atm, Ocean, Geology, Hydrology)

Biological Traits 
(Physiology, Biomechanics, 

Demography)

Ecological Interactions 
(competition, predation)

T H E O RY



How to get involved
• Webpage: ecoforecast.org 

• Newsletter, Twitter (@eco4cast), Blog 

• EFI RCN: NEON forecasting challenge 

• Members, Partner, & Project Listing 

• Slack        

• Working groups & student group 

• Start forecasting!


