
Vegetation demographics in Earth 
System Models: 

More progress, new priorities? 

Rosie Fisher
CICERO, Oslo & NCAR, USA

With lots of help from the DBEN workshop team! 





Why resolve demography?

 “Big-Leaf” vegetation Demographic Vegetation



Why resolve demography?

 “Big-Leaf” vegetation Demographic Vegetation

Tool for predictive biogeography: test 
hypotheses of how plant traits affect  
distribution in space and time  

Climate - vegetation timelags

Better correspondence with real world 
data. 

4
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change



Some mechanisms are 
intrinsically demographic

 If trees die as a function of 
age, eCO2 gives twice as 
much biomass as if they die 
as a function of size. 

If you don’t resolve 
demography, you can’t do 
this. 

Needham et al. 
GCB, 2020
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Size related mortality
Age related mortality
Background mortality
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INDC/Net Zero scenarios
Carbon offsets schemes
REDD+

Desperate efforts, typically assume:
no climate driven risks (fire, drought) 
no CO2 fertilization
no climate feedbacks

Demographic land surface models are the only 
frameworks that have all this stitched together 
and can resolve forest management impacts…

So we have work to do!





Demographic model BENchmarking meeting
(thanks to TAnnemarie Eckes-Shephard & Tom Pugh @Lund for organizing)



How do we sample ecosystems in models?



Cohorts or individuals?
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BiomeEORCHIDEE

LPJ-GUESS

FATES

LM3-PPA

SEIB-DGVM

JULES-RED

CABLE-POP

JSBACH4.0

Patch sampling or statistical 
approximation?

ED2

Haverd et al. 2015
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Disaggregated canopy vs cohort/individual physiology.
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Tall Tree Cohorts
Old Patches

Short Tree Cohorts
Young Patches

Early Successional PFT
Late Successional PFT

FATES 
model

Koven et al. 
2019
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CANOPY

UNDER
STORY 

https://docs.google.com/file/d/1HOl90zogyArsDPts21QpqatwrCwQutML/preview


How do we aggregate ecosystems into demographic 
models?

Cohorts vs individuals

Patch sampling vs. Statistical aggregation

Dynamic vs. not dynamic vegetation 

Multiple vs. single pft canopies

Canopy vs. cohort level fluxes

Eulerian vs. Lagrangian

Our existing ensemble turns out to be a 
quite good sampling of this space…



Fully integrated 
models or code 

branches?

Fisher and Koven 2020

How connected up are 
demographic models?



How connected up are 
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ESM Nutrients Hydraulics Land Use 
change

Multi-layer 
physics

Fire

FATES O O (N&P) O O A O

JULES-RED A D D N N N

ORCHIDEE O X (N) OreD X OreD OreD

CABLE-POP D X (N) N X N D

SEIB-DGVM O N N N N X

LPJ-GUESS O X (N) OreD X OreD X

LM3-PPA O X (N) X X X X

JSBACH4 O D N D N X

Key X Default O Option OreD Option in
redevelopment

D: In 
development

A: Aspiration N: No

Are we nearly there yet? 



Growth 
Efficiency 

Carbon 
starvation Self thinning Age Background

Episodic 
stand 
replacement

FATES X X

JULES-RED X

ORCHIDEE X

CABLE-POP X X X X

JSBACH4.0

LPJ-GUESS X X X

LM3-PPA X X

SEIB X X

A variety of approaches to ‘ambient’ mortality 



Hydraulic 
Failure

Fire Freezing Impact Wind- 
throw

Bio-cli
mate

Heat Insects

FATES X X X X D D

JULES-RED

ORCHIDEE D D D D

CABLE-POP

JSBACH4.0

LPJ-GUESS X D X

LM3-PPA X

SEIB X X X

Heterogeneous implementation of forest hazards



Interesting interactions between hardening, hydraulics and drought mortality

Lambert et al, in review (GMD), poster by Kjetil Aas



We must scale from 
average individual stress to cohort 
level mortality rate 

This slope requires empirical 
parameterization.

This reflects the heterogeneity of 
stress across the landscape. 

Fisher et al 2018

This is still a thing! 
(in all models)

Trees do not die all at the 
same time! 



Conclusions

The world desperately needs operational systems that predict the 
size of and risks to terrestrial carbon sinks.

In the absence of much greater investment in land carbon science, society risks 
making huge errors in its emerging attempts to mitigate climate change.

Demographic models provide the only framework that connects age related forest 
C uptake with climate risks and feedbacks.

Most LSMs now have vegetarian demographics. 

The era of (collaborative) calibration and benchmarking has arrived…               
(see Daniel Kennedy &Charlie Koven’s talks tomorrow) 
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