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Why have trait filtering in models?: 
 

Hypothesis 

Potential Development in ALM-ED: 
 
 
 
 
 
 
 
 
 
 
 
 
Potential Development in ALM: 
 

Developments Required 

Ecosystem Demography and Traits: 
 
 
 
 
 
 
 
 
 
 
 
 

Expected Impact 

Next Generation Ecosystem Experiment - Tropics 
Project Director:  Jeffrey Chambers, Lawrence Berkeley National Laboratory 

work on nutrient constraints (e.g. Wright et al. 2011), but none of the CMIP5 ESMs included phosphorus 
cycling, and considerable fundamental work is required to evaluate existing representations (Yang et al. 
2013, Wang et al. 2010), including understanding the role of plasticity in plant and microbial traits in 
governing forest responses under nutrient limitations. A third challenging area of research is focused on 
both carbon emissions from deforestation and forest degradation (including fire), and carbon sinks from 
secondary forests that occupy abandoned agricultural land (Pan et al. 2011, Berenguer et al. 2014).  
Responses to all of these global change drivers will be mediated by those plant and microbial functional 
traits that are best adapted to thrive in, or that can quickly acclimate to, a warmer world with a higher 
carbon supply, shifting precipitation patterns, and elevated disturbance regimes. A next-generation ESM 
that includes functionality in these major research areas is needed to address our overarching goal of 
determining the net carbon balance of tropical forest over the 21st century. 

In developing an improved understanding of tropical forest carbon-balance response to rising 
atmospheric CO2, elevated temperatures, shifting precipitation patterns, and changes in disturbance 
regimes, we must determine which suites of plant and microbial traits are best adapted to thrive under 
these new conditions. Thus, an overall organizing hypothesis for this project is that representing biotic 
functional diversity in models is required to understand how shifts among distributions of traits will lead 
to changes in overall forest function. Shifts in trait distributions can be mechanistically resolved through 
trait filtering that arises from interactions between plants and microbes and their changing environment 
(Figure 2). The cohort-based approach of ED (Moorcroft et al. 2001) and CLM(ED) (Fisher et al. in prep) 

allows these trait-filtering processes 
to occur, and will be used as a 
starting point for our modeling 
framework.  A key transformational 
aspect of this new modeling 
framework will be a greatly 
expanded development of modeled 
functional diversity that enables 
forest community structure and 
ecosystem processes to respond 
dynamically to multiple 
environmental drivers. To achieve 
this transformation, a new 
hierarchical, modular modeling 
platform will be developed that 
integrates functional diversity with 
those processes required for 
representing tropical forest 
ecosystem responses to global 
changes. Such processes include 

belowground biogeochemistry, plant demography and ecophysiology, plant functional traits and 
tradeoffs, and aquifer-to-canopy hydrology. Model advances will be directly enabled by pantropical 
syntheses of existing data, and investments in high-priority observations and experiments that enhance 
process representation, support model parameterization, and provide critical model benchmarks. These 
model functionalities have never been brought together into a single platform or rigorously evaluated 
against observations at a pantropical scale.  Thus, the grand deliverable of NGEE Tropics is the 
development of a representative, process-rich tropical forest ecosystem model, extending from 

Figure 2. Current Earth 
system models 
prescribe static, low 
diversity plant traits, 
limiting the range of 
ecosystem responses to 
environmental change. 
The NGEE Tropics model 
is based on the 
hypothesis that 
ecosystem responses 
will be governed by 
changes in plant traits, 
and that these changes 
will occur through trait 
filtering – differential 
success among diverse 
individuals giving rise to 
a shift in the distribution 
of plant traits. 
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•  Current Earth System Models (ESMs) prescribe plants and microbial traits that are static 
in both time and space, thus unrealistically limiting the range of ecosystem responses to 
environmental change (Fig. 1).  

•  Interactions among plants, free-living microbes, and symbiotic microbes helps to shape a 
plant’s response to a changing climate.  

 
•  Hypothesis: ecosystem responses to a changing climate will be governed by 

changes in these traits and the costs associated with them.  

Research questions: (1) How can the representation of plant 
and microbial traits and trade-offs help address ACME mission 
goals?  
(2) What are the most theoretically sound and numerically robust 
approaches to represent these traits?  
 
Implementation in ALM-ED and ALM: 
•  The Ecosystem Demography (ED) model can be a “starting 

point” due to inclusion of varying size structure and age 
classes, competition and coexistence between plants, and the 
capacity to predict distributions of plants directly from 
their given physiological traits.  

•  New approaches to represent life-history 
strategies.  

•  Include different successional statuses (i.e. 
pioneers, late successional, etc.). 

•  Trait filtering to represent carbon trade-off 
between seed generation, reproduction, or 
defense in large, established trees.  

•  Include: wood density and leaf economic 
trait trade-offs . 

•  Goal: Include traits and mechanisms for 
trait filtering that control the distribution of 
plants as a function of resistance to 
drought, fire, pests, cold, and other 
disturbances.  
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Pioneer	
  

<	
  40cm	
  

0.35	
  –	
  
0.82	
  

1)	
  
Reproduc
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Canopy	
  

40	
  –	
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cm	
  

0.41	
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0.74	
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Reproduc
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0.74	
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1.1	
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cm	
  

0.41	
  –	
  
0.74	
  

4)	
  
Reproduc

Kon	
  

0.74	
  –	
  
1.1	
  

5)	
  
Defense	
  

Emergent	
  

>	
  80cm	
  

0.39	
  –	
  
0.71	
  

6)	
  
Reproduc

Kon	
  

0.71	
  –	
  
0.93	
  

7)	
  
Defense	
  

Trade-off Scenarios (% from Central Amazon):  
1)   Reproductive Pioneer (11%) 
2)   Reproductive, Low WD, Small Canopy (32%) 
3)   Defensive, High WD, Small Canopy (23%) 

4) Reproductive, Low WD, Large Canopy (11%) 
5) Defensive, High WD, Large Canopy (9%) 
6) Reproductive, Low WD, Emergent (4%) 
7) Defensive, High WD, Emergent (10%) 

FracKon	
  (%)	
  of	
  evergreen	
  trees	
  –	
  	
  
Control	
  (no	
  changes	
  to	
  CLM-­‐ED).	
  

All	
  deciduous	
  trees	
  

FracKon	
  (%)	
  of	
  evergreen	
  trees	
  –	
  	
  
Including	
  leaf	
  traits	
  and	
  4	
  structural	
  assumpKons.	
  

Beeer	
  representaKon	
  of	
  evergreen	
  trees.	
  	
  	
  

•  Represent successional status by including range of maximum DBH and wood density 
traits to determine carbon economy preference and allocating carbon to reproduction or 
defense.  

•  Wood density is related to a number of plant functional traits 
•  Direct relationship between wood density, tree growth, and drought tolerance 

•  Impact: Assess the capacity of ALM-ED to predict trait distributions and improve modeling 
carbon assimilation and respiration. 

Fig. 3. Proposed model development to correct the large tree bias and also introduce trait filtering in 
ALM-ED is to introduce (1) successional classes which are delineated by, (2) DBH size and then, (3) 
wood density ranges which correspond to seven reproduction or defense carbon economic trade-offs.  

Fig. 2. Under control 
CLM(ED) conditions 
competitive exclusion 
and no representation of 
evergreen trees. 
 
Bottom panel = Impact of 
including leaf traits and 
four carbon economy 
assumptions of 
evergreen and deciduous 
trees in CLM(ED) (Fisher 
et al. 2015).  

VCF	
  
Product	
  

(Figure 1) Fig. 4. 
Changes in 
exogenous 
mortality rate 
leads to 
active trait 
filtering, 
evidence by 
wood density 
shift in lower 
left panel.  

Once including changes to leaf 
carbon allocation, base rate of 
respiration, leaf lifespan and root 
lifespan as a function of 
temperature there is a stronger 
representation of evergreen trees in 
eastern North America. 

References:  
Bouskill et al. 2012. Frontiers in Microbiology. 364  
Fisher et al. 2015. Geo. Model Dev. Discuss. 8: 3293-3357.  

Fig. 6. Fractional leaf nitrogen allocation for six plant processes 
separated by PFT, as  analyzed from the TRY database.  

Plant Functional Type 

Leaf Traits and Photosynthesis/Respiration: 
•  Impact: Based on our analysis, crops partition the largest fraction of nitrogen to 

photosynthesis (~57%) and respiration (~5%) followed by herbaceous plants (~44% and 
4%). Tropical broadleaf evergreen trees partition the least to photosynthesis (~25%) and 
respiration (~2%) followed by needleleaf evergreen trees (~28% and 3%).  

•  Representation of symbiotic 
microbes (e.g., mycorrhizal 
fungi) 

•  Representation of free-living 
microbes (e.g., heterotrophic 
decomposer) 

 
•  Represent plant-microbes 

interactions 

Bouskill et al. Trait-based nitrification model (MicroTrait-N)

FIGURE 6 | Simulations of the activity and diversity of AOB communities
in high-latitude ecosystems. (A) Monte Carlo simulations of multiple AOB
analogs (n = 5 analogs per guild) across the different sites. Each guild is
represented by a distinct color. Subtle differences in the shade of that color
demarcate the different analogs/guild. A box outlines the boundaries of each

guild’s biomass. Evenness statistic given above the bar plots. (B) NH3

oxidation rates from just simulated and observed data. (C) Predicted rates of
N2O production and measured NH3 concentrations. Error bars are the result
of multiple simulations (n = 3). BS, Black Spruce; BB, Bog Birch; RF, Rich Fen;
EF, Emergent Fen; TG, Tussock Grassland.

AOA guild is only competitive as substrate is either drawn down
to concentrations 1 µM (Figure 5A) or when pH reduces NH3
availability (Figure 2).

The MicroTrait-N model structure is currently weighted in
favor of guilds with cultured members and likely under-represents
the importance of the AOA. The AOA are known to be in high
abundance in both oceanic (Bouskill et al., 2012) and terrestrial

(Leininger et al., 2006) environments. However, while it is likely
that marine AOA are chemoautotrophic organisms and play an
important role in marine nitrification, AOA possibly span a more
complicated functional space in terrestrial systems. Attempts to
draw correlations between the abundance of terrestrial AOA and
NH3 oxidation rates have produced mixed results (Di et al.,
2009); (Jia and Conrad, 2009). In MicroTrait-N, parameterization
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Fig 5a. Results from a microbial trait based model (MicroTrait-N) (Bouskill et al. 2012). 
Uses traits related to enzyme kinetics and physiological traits to represent 
contributions of ammonia-oxidizing bacteria (AOB) and ammonia-oxidizing archaea 
(AOA) across different plant types. (BS = black spruce, BB = bog birch, RF = rich fen, 
EF = emergent fen, TG = tussock grassland).  

Bouskill et al. Trait-based nitrification model (MicroTrait-N)

FIGURE 6 | Simulations of the activity and diversity of AOB communities
in high-latitude ecosystems. (A) Monte Carlo simulations of multiple AOB
analogs (n = 5 analogs per guild) across the different sites. Each guild is
represented by a distinct color. Subtle differences in the shade of that color
demarcate the different analogs/guild. A box outlines the boundaries of each

guild’s biomass. Evenness statistic given above the bar plots. (B) NH3

oxidation rates from just simulated and observed data. (C) Predicted rates of
N2O production and measured NH3 concentrations. Error bars are the result
of multiple simulations (n = 3). BS, Black Spruce; BB, Bog Birch; RF, Rich Fen;
EF, Emergent Fen; TG, Tussock Grassland.

AOA guild is only competitive as substrate is either drawn down
to concentrations 1 µM (Figure 5A) or when pH reduces NH3
availability (Figure 2).

The MicroTrait-N model structure is currently weighted in
favor of guilds with cultured members and likely under-represents
the importance of the AOA. The AOA are known to be in high
abundance in both oceanic (Bouskill et al., 2012) and terrestrial

(Leininger et al., 2006) environments. However, while it is likely
that marine AOA are chemoautotrophic organisms and play an
important role in marine nitrification, AOA possibly span a more
complicated functional space in terrestrial systems. Attempts to
draw correlations between the abundance of terrestrial AOA and
NH3 oxidation rates have produced mixed results (Di et al.,
2009); (Jia and Conrad, 2009). In MicroTrait-N, parameterization
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Fig 5b. Microbial trait based model (MicroTrait-
N) ammonia (NH3) oxidation rates compared to 
observations in Alaska. A small number of traits 
may be sufficient to characterize nitrifying 
community structure.  

Microbial Traits and Trait Filtering: 
•  Impact: Microbial trait based model (MicroTrait-N) was used to successfully predict nitrified 

diversity, ammonia (NH3) oxidation rates, and nitrous oxide (N2O) production across pH, 
temperature, and substrate gradients.   
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Linkages to belowground nutrient availability (i.e. 
resource acquisition). 
 
Competition with plants for nutrient acquisition. 
 
Ex.1. Existence of mycorrhizal fungi to help harvest 
mineral phosphorus for tropical tree (mutualistic 
interaction). 
Ex.2. Existence of decomposing microbes 
outcompete plant roots and suppress plant growth 
(parasitic interaction). 

Issues	
  and	
  
need	
  for	
  
traits	
  

PFTs	
  correspond	
  
to	
  biomes,	
  but	
  
not	
  within	
  

biome	
  diversity	
  
Currently	
  traits	
  are	
  
missing	
  (root	
  traits,	
  
plant	
  hydraulics,	
  N	
  

fixaKon)	
  

PFTs	
  are	
  staKc	
  
and	
  their	
  

parameters	
  do	
  
not	
  tradeoff	
  	
  

Why	
  we	
  
need	
  traits	
  

No	
  climate	
  
envelope	
  
constraints	
  

Veg	
  distribuKons	
  
emerges	
  from	
  
compeKKon	
  and	
  
trait	
  properKes	
  

Diversity	
  is	
  
beeer	
  

represented	
  


