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The three major axes of terrestrial ecosystem functions





MOTIVAZIONE

Relationships and coordination among leaf traits and plant organs as shaped by the 
evolutionary development of plant species and globally constrained by construction 
costs and growth potential 

Examples leaf economic spectrum (Wright et al., 2003; Diaz et al., 2016) or least cost 
theory



MOTIVAZIONE

Unclear whether ecosystem functions themselves demonstrate coordination and trade-offs 
similar to the underlying individual plant and leaf components.

Knauer et al., 2018 PlosOne
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MOTIVAZIONE

RESEARCH GAP: 

Multifunctionality is rarely measured on the large spatial scales

• Typically at small plot scale

• Often major biomes not simultaneously measured

• Functions are not measured consistently

• FLUXNET and the concept of ecosystem functional properties (EFPs, Reichstein et 
al., 2014) can help!

• Consistent functions estimated across biomes and in time to better
understand multifunctionality



EDDY COVARIANCE AND ECOSYSTEM FUNCTIONAL PROPERTIES
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Reichstein et al., 2014 PNAS, Musavi et al., 2015, 2016, 2017, Knauer et al., 2018
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QUESTIONS

• What are the key dimensions of ecosystem multifunctionality across major
biomes?

• What are the causes of variation and controlling factors of the key 
dimensions of ecosystem multifunctionality?

• Do land surface models reproduce the key dimensions of ecosystem
multifunctionality?



DATA

Migliavacca et al., 2021 Nature

203 siti di cui 16 in Italia (4 del Cnr)



DATA

Single set of ecosystem functional properties for each site

EFP= [GPPsat, NEPmax,ETmax,GSmax,EFmax,EFampl , Rbmax, Rb,G1,aCUE,WUE,uWUE,uWUEt]

EFPs definition Reichstein et al. 2014; Migliavacca et al., 2011, 2015; Musavi et al., 2016a,2016b,2017; Knauer et al., 2018; Nelson et al., 2019 

Maximum 

Productivity
Water cycling Energy 

partitioning

Respiration

Carbon use 

efficiency Water use 

efficiency

Courtesy: M.Migliavacca



DATA

Ancillary information

• foliar N concentration (N%) (Flechard et al., 2020, Musavi et al., 2015, BADM)

• maximum leaf area index (LAImax) (Migliavacca et al., 2011; Flechard et al., 2020; 
BADM) 

• Age since last stand replacing disturbance or plantation in absence of disturbance 
(Migliavacca et al., 2011, Musavi et al., 2017, Besnard et al., 2018, Flechard et al., 
2020)

• Canopy height (Hou et al., 2018; BADM)

• Aboveground Biomass ESA CCI (Uli Weber and Nuno Carvalhais)

• Long term Climate variables (mainly BADM)



KEY DIMENSIONS OF ECOSYSTEM MULTIFUNCTIONALITY

Three key axis represent

ecosystem multifunctionality

(PCA) 

 70% explained variability

Axis:

• Potential productivity

• Water use strategies

• Carbon use

strategies/efficiency

Migliavacca et al., 2021 Nature
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CONTROLLING FACTORS OF THE KEY AXES

Plant Functional Types Climate Types



a–c, Predictive relative importance for PC1 (a), PC2 (b) and PC3 (c). Numbers in the circles represent the 

percentage increase in mean squared error (MSE). Yellow circles represent vegetation structural variables; 

light blue circles represent climate variables.

• Variable importance based on RF and partial 

dependence plots

• Causal variable importance confirmed the results of

predictive model

Potential productivity Water use strategies Carbon use strategies/efficiency



DO LAND SURFACE MODELS REPRESENT MULTIFUNCTIONALITY?

Bonan (2008), Science



DO LAND SURFACE MODELS REPRESENT MULTIFUNCTIONALITY?
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