
  

From parameters to traits

Or

Why should ORCHIDEE 
care about functional 

ecology ?



  

Whole model
Numerical parameters
Physical constants

Ex : Discretization layers

Vegetation form 
(grass, tree)

Empirical parameters
Ex : 

PFT /Species

Which parameters can be found  In 
ORCHIDEE ?

Empirical
Hydrol_humcste

(root profile)

Stress (0-1)

Trait-based
wood density, 

SLA, 
LeafN

What is wrong with the 
current parameterization & 
How can we improve model 
parameterization ? 



  

Whole model
Numerical parameters
Physical constants

Ex : Discretization layers

Vegetation form 
(grass, tree)

Empirical parameters
Ex : 

PFT /Species

In ORCHIDEE In functional 
ecology

Traits

Ex : wood density, 
SLA, 
LeafN

Root architecture
SRL (specific root length)

Stomatal closure
Loss of conductivity

....

Empirical
Hydrol_humcste

(root profile)

Stress (0-1)

Trait-based
wood density, 

SLA, 
LeafN

One group of parameters where we can make 
progress :

The case of Functional Traits



  

In ORCHIDEE

i: 10.1111/gcb.1287



  

In functional ecology



  

What is a functional trait ?
Any morphological, physiological or phenological feature measurable at the 
individual level, from the cell to the whole-organism level, without reference to 
the environment or any other level of organization. 
It is functional if it affects fitness indirectly via its effects on growth, 
reproduction and survival.

Violle et al, 2007, Oikos



  

What do we know about traits ?
Trade-offs and environnemental control 

Example of the leaf economic spectrum 

Wright et al., 2004, Nature



  

Why ignoring trait variability is a 
problem ?

- Including acclimation and adaptation processes
- Dynamic vegetation : Accounting for non-random 
species turnover
- Quantifying vegetation-environment feedbacks
- Quantifying impacts of biodiversity on ecosytem 
functioning and climate



  

We now have acces to a huge database of worldwide 
observations

The TRY database



  

Why using trait data in ORCHIDEE ? 

1) Better calibration of existing trait-related parameters



  

2) Improving parameter optimization and reduce equifinality risks : 
additional constraints (trade-offs), range and direction of variation

Why using trait data in ORCHIDEE ? 
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Anderegg et al., 2018, EL

3) Implementing parameter climatic variability (in space and time) 
=> predicting model parameters ?

Why using trait data in ORCHIDEE ? 

2) Improving parameter optimization and reduce equifinality risks : 
additional constraints (trade-offs), range and direction of variation

1) Better calibration of existing trait-related parameters



  

Why using trait data in ORCHIDEE ? 

Not just yet...

Anderegg et al., 2018, EL

3) Implementing parameter climatic variability (in space and time) 
=> predicting model parameters ?

2) Improving parameter optimization and reduce equifinality risks : 
additional constraints (trade-offs), range and direction of variation

1) Better calibration of existing trait-related parameters



  

How to add trait variability in ORCHIDEE? 

Butler e al 2017

Offline, only spatial 
variability with maps of 
traits



  

How to add trait variability in ORCHIDEE? 

Harper et al 2016

JULES : Simple traits 
trade-offs



  

How to add trait variability in ORCHIDEE? 

LPJmL-FIT: individuals 
with sets of traits,
(also aDGVM2, JEDi...)



  

How to add trait variability in ORCHIDEE? 

Fully traits-based 
approach for vegetation 
distribution
(Van Bodegom et al 
2011)



  

Challenges and oportunities for a trait approach in LSMs &
 in ORCHIDEE 
(depend on level of trait integration)

- Avoid model-specific parameters as possible, promote the use of trait-based 
parameters.

-  Better calibration (existing databases, known ecological properties, trade-offs)

- Perform systematic sensitivity/uncertainty analysis to spot « problematic » 
parameters ?

- Assimilating spatial maps of parameters 

- Can we replace model-specific parameters with now well measured traits (Root 
profile for 
example)? How ? 

- Simulating with distributions of parameters?


