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Overview

• What is Ecosystem Demography? 

• Science Applications with ED 

• “Taking off the training wheels” 

• Drought trade-off study 

• What is FATES?  Future progress on ED



Fundamental ecological system
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‘Gap’ Models 
(e.g. SORTIE, LPJ-GUESS, SEIB, aDGVM)
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Inappropriate for 
climate 
simulations?



‘Area-based’ Models 
(e.g. CLM, TRIFFID, LPJ, IBIS - models used in IPCC assessments)
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‘Cohorts’ of trees:, 
grouped according to: 

Plant type 

Height 

Successional stage

Ecosystem Demography Model (ED) 
Moorcroft, Hurtt and Pacala. 2001 



Stochastic	Individual	ModelBig	Leaf	Model Cohort	model

‘Cohort-based’ Models 
as intermediate solutions



Discretization of the land surface
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Merits of ED approach

Efficient simulations of ecological dynamics  

Spatial heterogeneity in light environment: 

Possibility of co-existence along successional gradient 

Link to observations of forest demography 

Simulate impact of disturbance (fire, landuse, mortality). 



How does this actually work?



Norman Radiation Scheme as applied to a mixed PFT canopy in CLM(ED)
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Leaf/Storage balance allocation scheme

Rauto

Storage

GPP NPP Growth

Live Tissue 
Turnover
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trajectory



 Seed Bank Model…

Seed Bank
Reproduction

Seed Advection

Germination

Seed Decay (fH2O, T)

Antagonists

Seed Bank model based on TREEMIG: Lischke et al. 1998, 2006 etc.  Collaboration with WSL Zurich



SPITFIRE: Thonicke et al. 2010CLM4.5 fire: Li  et al. 2012

FIRE

-Collaboration with Allan Spessa (Open Univ.) and Mathew Forest (Goethe Univ. Frankfurt)
-Agricultural, land use and peat fires and ignitions need to interface with the Li  & Levis CLM4.5 fire 
model.
- Numerous modifications required to SPITFIRE implemented to allow size-structured fire impacts





…WHAT TRAINING WHEELS? 

Climate envelope parameterization
from Lund-Potsdam-Jena (LPJ) DGVM 
(vegetation cannot survive outside limits) 

Paradigm: 
In Earth System Models, vegetation climate limits are a function of 

simple climate variables, defined from current distributions

Used in: 
ORCHIDEE (IPSL),    CTEM (CanESM)
SEIB (MIROC-ESM),  CLM-DV (CESM)

Temp coldest month Temp hottest month Growing Degree DaysPlant Functional Type

Sitch et al. 2003



Problem of extrapolation 

Vegetation climate limits might change as CO2 
increases 

Not clear what to do in no-analogue climates.



HOW TO PROCEED? 

The Ecosystem Demography model* we have integrated 
into the Community Land Model - CLM4.5(ED):  

• Has no climatic envelopes 

• Can be parameterized directly from plant trait data 

• Predicts plant distribution as an outcome of performance 

• We can in theory use CLM(ED) for testing hypotheses of 
vegetation distribution.

*Moorcroft et al. 2001; Fisher et al. 2010; Fisher et al. GMDD 2015



AVHRR Vegetation Continuous Fields. De Fries et al. 2000 

Fraction of evergreen vegetation 

What can we observe about vegetation distribution?  



Evergreen  Needleleaf
Evergreen  Broadleaf
Deciduous Needleleaf
Deciduous Broadleaf

LEAF CONSTRUCTION HAS A       
3-WAY TRADE OFF: 

Leaf mass per area (cost)  
vs. 

Leaf Lifespan (durability)  
vs. 

Leaf Nitrogen per area (performance)

(One) Hypothesis: The relative carbon economy of deciduous vs. 
evergreen habits can predict biome boundaries  



 “The major task for the developer of the kind of DGVM we are
proposing is to conceptualize and parameterize life-history 
tradeoffs.”



Leaf Cost
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Evergreen  Needleleaf
Deciduous Broadleaf

Obs
Question: Does how you sample the trait space matter? 



Obs

CONTROL

Fraction of evergreen vegetation 

Fisher et al. GMDD 2015

Answer: Yes! 
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LEAF MAINTENANCE RESPIRATION

CLM4.5 (RYAN ET AL, 1991)

CLM4.5(ED) (ATKIN ET AL. 2015)

=0.257 gC gN-1 s-1

~0.452 gC gN-1 s-1

~0.536 gC gN-1 s-1



Total Leaf Area Index

ATKIN ET AL. 2015Obs

CONTROL

+ ATKIN RD
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Fraction of evergreen vegetation 

Obs

CONTROL

Fisher et al. GMDD 2015
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Fisher et al. GMDD 2015



Evergreen  Needleleaf
Evergreen  Broadleaf
Deciduous Needleleaf
Deciduous Broadleaf

LEAF TURNOVER VS. TEMPERATURE
Is leaf lifespan dictated by construction cost, or the environment?



ROOT TURNOVER VS. TEMPERATURE
BDT
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(Data extracted from)  
Gill & Jackson 2000
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Fisher et al. GMDD 2015
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Conclusions #1
• Carbon economy of leaf habit can, in some cases, 

predict dec-evg biome boundaries 

• How we use plant trait data matters for vegetation 
dynamics predictions. 

• Naïve use of plant trait databases does not necessarily 
lead to skillful prediction

• Parametric and structural ensembles are both informative 
for understanding cause & effect in model predictions. 



“Models are poorly skilled at simulating 
tropical drought experiments”

Powell et al. 2013

Is this because they don’t have a 
diversity of hydraulic function?



 “The major task for the developer of the kind of DGVM we are
proposing is to conceptualize and parameterize life-history 
tradeoffs.”



Markesteijn et al. 2011Example from Bolivia

Can we observe diversity in hydraulic function?

Benefit
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Hacke et al. 2001

Cochard et al. 2007Blackman et al. 2010

Markesteijn et al. 2011

Poplar + Willow

Conifers + Angiosperms

Tasmania

Bolivia



What is the cost of drought tolerance?

Hacke
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Blackman
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Powell et al. 2013



What is the cost of drought tolerance?
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What is the cost of drought tolerance?What is the cost of drought tolerance?
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What is the cost of drought tolerance?What is the cost of drought tolerance?

#1: Expensive to tolerate drought

#1: Cheap to tolerate drought



• Cheapest wood can 
tolerate -1.0MPa drought  

-0.6MPa -0.8MPa -1.1MPa -1.3MPa

-1.7MPa -2.0MPa -2.3MPa -2.8MPa

-3.7MPa -4.7MPa

• Expensive to be drought 
tolerant 

• Ecosystem vulnerable   
to climatic change    

#1:Fraction of biomass in each plant type. Numbers correspond 
to soil water potential at stomatal closure



• Cheapest wood can 
tolerate -1.0MPa drought  

• Cheap to be drought 
tolerant 

• Ecosystem more resilient 
to climatic change    

-0.6MPa -0.8MPa -1.1MPa -1.3MPa

-1.7MPa -2.0MPa -2.3MPa -2.8MPa

-3.7MPa -4.7MPa

-0.6MPa -0.8MPa -1.1MPa -1.3MPa

-1.7MPa -2.0MPa -2.3MPa -2.8MPa

-3.7MPa -4.7MPa

#2:Fraction of biomass in each plant type. Numbers correspond 
to soil water potential at stomatal closure



Conclusions II
• Earth System Models are moving towards ‘trait 

filtering’ schemes. 

• Cost-benefit trade-offs are the ‘raw material’ of trait 
filtering models, but are typically poorly quantified.   

• This development presents a huge opportunity for 
quantitative hypothesis testing of biome boundaries.  

• Understanding the quantitative costs and benefits of 
alternative life history strategies is important!



$100M 10 year project



NGEE-tropics mode scaling plan



Land Surface Model 
(CLM, ALM)

ED module
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Plan for FATES in CLM5
FATES will be a ‘dynamically linked’ library, so that updates to FATES can be made 

independent of releases of CLM 

The INTERFACE code will likely remain constant. 

If you plan on using FATES, please contact me (rfisher@ucar.edu) or Charlie 
(cdkoven@lbl.gov) to check in on the latest science updates.  

mailto:rfisher@ucar.edu
mailto:cdkoven@lbl.gov



