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Top list you do not want to be on

• Harvey - $100 billion
• Maria - $90 billion Irma 

- $50 billion 

• Golden medal (Katrina, 
160 billion)



Insurance industry

• Berkshire’s pre-tax 
underwriting loss at 
$3.2 billion

• Forestry industry



- Significance of trait-based ecology (terrestrial water fluxes)

- Which traits describe plant water use and response to 

drought (i.e., understanding)

- Can they help us to infer large-scale processes (climate 

change, anthropic disturbances, etc.) (i.e., predictions)

Intro



Toolbox:-omic worlds

Wilkinson et al (2019 Tree Phys)



Main objectives
•Provide a global archive of plant traits

•Promote trait-based approaches in ecology and biodiversity science
•Support the design of a new generation of global vegetation models

Current state (04/19)
• 11.8 million trait records for ~ 300,000 plant species

• >6,000 requests of data
• >210 recorded publications

Quantifying and scaling global plant trait diversity
TRY is a network of vegetation scientists headed by
DIVERSITAS, IGBP, the Max Planck Institute for Biogeochemistry and an international Advisory Board.

Toolbox: databases

http://www.diversitas-international.org/
http://www.igbp.net/
http://www.bgc-jena.mpg.de/
http://www.try-db.org/TryWeb/Board.php


http://portal.eufgis.org/maps/

3,132 units for 

3,778 tree 

populations  

103 tree species in 

34 countries

This is our 

collection

1. European Gene 
Conservation Units

2. Remote sensing 
coverage for all sites

3. Genome and 
phenotyping studies 
on tens of species, 
100s sites/spp

Toolbox: regional/global networks



Toolbox: Remote sensing



Toolbox: modelling of climate-
vegetation feedbacks

Hartmann et al (2018 New Phy)



Toolbox: modelling of climate-
vegetation feedbacks

Hartmann et al (2018 New Phy)



Large uncertainty from 
land surface modelling



Predictions of climate-vegetation 
feedbacks

Meir et al.( 2015 New Phy)
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How does a trait-based model work
trait = any morphological, physiological, phenological feature that impacts fitness 

Mencuccini et al (2019 New Phy)



If the problem is drought,
which ones are THE traits?

Choat et al. (2018 Nature)



Wood economics

Chave et al. (2009 Ecol Lett)



Leaf gas exchange 

• Leaf stomata
• Inescapable trade-off between CO2 uptake and 

water loss

• Predict stomatal behaviour based on this trade-off 
(Sperry et al (2017 PCE)



What is atmospheric moisture demand
Paradox of warming:

• More vapour in atmosphere (RH ~ constant)

• Deficit in vapour pressure (VPD) increases with T

• But plants perceive less water in atmosphere (in relative 
terms)  ATMOSPHERIC DROUGHT

• Increased plant water loss



Key hydraulic traits and significance 

1. Water status: water 
potential / content

2. Water transport: 
efficiency

3. Water transport: safety 
from embolism

4. Allocation ratio: Huber 
Value (1/leaf-sapwood 
area ratio)



1) Plant water status
water potential / content

Martinez-Vilalta et al. (2015 New Phy)

Quercus ilex
Ceanothus megacarpus

Pinus edulis

Salix gooddingii

About 100 spp.



1) Plant water status
(Vegetation optical depth VOD)

Konings & Gentine (2016 GCB); Konings et al. (2017 Nat GeoSc)

Diurnal variations in X-band of 
passive microwave measurements
(Adv. Microw. Scann. Rad.–E or -2)

VOD  RWCveg



2) Efficient water transport
Angiosperms Gymnosperms



3) Safety from embolism
Vulnerability, exposure, risk

P50/88: Water potential @ 50% PLC
PLC = Percent loss conductivity

P88 P88

P50

Vulnerability 
to embolism

HIGH Level of drought stress LOW



3) Safety from embolism
Vulnerability, exposure, risk

Choat et al (2012 Nature)Vulnerability to embolism

Water potential

Safety
margin



3) Safety under drought
Vulnerability, exposure, risk

Hartmann et al (2018 New Phy)



4) Partitioning (Huber value)



Collating empirical evidence

N = 1,500 points

Mencuccini et al (in review New Phy)



How to upscale these traits



Scaling to biome LAI

N = 1,500 points

Mencuccini et al in prep.Mencuccini et al (in review New Phy)



Key hydraulic traits and significance 

1. Water status: water 
potential / content

2. Water transport: efficiency

3. Water transport: safety from 
embolism

4. Allocation ratio: Huber Value 
(1/leaf-sapwood area ratio)

1.Prediction of woody growth

2.Prediction of drought-induced mortality

3.Prediction of water fluxes 



1) Factors controlling 
tree radial growth

Friend et al (2019 Ann For Res)



1) Factors controlling growth

Huang et al (2014 New Phy)



2) Prediction of drought-induced 

tree mortality

Adams et al (2017 Nature Ecol Evol)



2) Prediction of tree mortality

Rao et al. (2019 Rem Sens Env)

VOD  RWCveg

Diurnal variations in X-band of passive microwave
measurements (Adv. Microw. Scann. Rad.–E or -2)

Fractional Area Mortality FAM
in California



3) Predictions of carbon 
and water fluxes

Jasecko et al (2013 Nature)

Schlesinger & Jasecko (2014 AgForMet)



 200 sites

 > 2000 trees

For more info:

Web page: sapfluxnet.creaf.cat

E-mail: sapfluxnet@creaf.uab.cat

Twitter: twitter.com/sapfluxnet

Project wiki, and R code: 

github.com/sapfluxnet



3) DVGM Prediction of water fluxes

Eller et al (2018 ProcRoySoc B); Eller et al (2019 in review)

• Global Dynamic 

Vegetation Models

• UK JULES

• Using global hydraulics 

database

• Ecosystem-scale GPP 

(Gross Prim. Product.)

• Fewer parameters, better 

predictions relative to 

earlier JULES



• Overview of current available toolbox (emphasis on trait-

based modelling)

• With a focus on drought responses, overview of most 

important tissue-level traits

• Three examples for prediction of processes from plant to 

global scales

Summary



- how lucky are you, young biologists?

- Do we want to improve our understanding of the bio-

physical world? Or do we want to make predictions? 

-Do trait-based approaches fully explain drought 

responses?

- how do we think of processes across scales?

Concluding themes


