
NGEE (Next Generation Ecosystem 
Experiment) in the Tropics 

What, why, where, when, who, how?





WHAT?

GRAND DELIVERABLE 
A representative, process-rich tropical forest ecosystem model, 
extending from bedrock to the top of the vegetative canopy-
atmosphere interface, in which the evolution and feedbacks of tropical 
ecosystems in a changing climate can be modeled at the scale/
resolution of a next generation Earth System Model grid cell (~10 x 10 
km2 resolution)



WHY?

CMIP3/C4MIP emulation with MAGICC6 is 811–
1170ppm. As discussed above, the lower range of the
CMIP5 ESMs is due to one single model, MRI-ESM1,
which already severely underestimates the present-day
atmospheric CO2 concentration. Not including this model
would mean that the lower end of the MAGICC6 range is
significantly lower than the lower end of theCMIP5ESMs.
The warming ranges simulated by the CMIP5 ESMs

and by the CMIP3/C4MIP model emulations are quite
similar (Figs. 2b and 2d). The first set of models displays
a full range of 2.58–5.68C, while the latter set has a 90%
probability range of 2.98–5.98C.

5. Twenty-first-century land and ocean carbon cycle

To further understand the difference in simulated
atmospheric CO2 over the twenty-first century, we
analyzed the carbon budget simulated by the models, as
already done for the historical period. In the E-driven
runs, the ESMs simulate the atmospheric CO2 concen-
tration as the residual of the prescribed anthropogenic

emissions minus the sum of the land and ocean carbon
uptakes—these latter two fluxes being interactively
computed by the land and ocean biogeochemical com-
ponents of the ESMs. Figure 4 shows the cumulative
land and ocean carbon uptakes simulated by the CMIP5
ESMs. Any difference in simulated atmospheric CO2

comes from differences in the land or ocean uptakes.
The models show a large range of future carbon up-

take, both for the land and for the ocean (Figs. 4a and
4b). However, for the ocean, 10 out of the 11 models
have a cumulative oceanic uptake ranging between 412
and 649PgC by 2100, the exception being INM-CM4.0
with an oceanic uptake of 861PgC. As discussed in the
historical section, the reasons for this large simulated
uptake are unknown. The simulated land carbon fluxes
show a much larger range, from a cumulative source of
165PgC to a cumulative sink of 758PgC. Eight models
simulate that the land acts as a carbon sink over the full
period. Land is simulated to be a carbon source by two
models, CESM1-BGC and NorESM1-ME, both sharing
the same land carbon cycle model, and byMIROC-ESM.

FIG. 4. Range of (a) cumulative global air to ocean carbon flux (PgC), (b) cumulative global air to land carbon flux
(PgC) from the 11ESMsE-driven simulations, (c) the annual global air to ocean carbon flux, and (d) annual global air
to land carbon flux. Color code for model types is as in Fig. 1.

15 JANUARY 2014 FR I EDL I NGSTE IN ET AL . 521

CMIP5&
Historical*
Future*

Be#er%graphic%

Lewis%et%al.%2011%Science&

Model Uncertainty No-analogue climate

Threat to carbon sink



WHERE?
NGEE-T will be PAN-TROPICAL

We will use data from existing known Forest Observation 
Networks (FORESTGEO, RAINFOR, TRY, GLOPNET ETC.) 

Early pilot studies in Manaus, Puerto Rico, and Panama 

Future sites determined by uncertainty analysis



WHEN?

• NGEE is a solicited a 10 year activity. 

• The Phase I (3y) proposal is at the final review stage.  

• (Comments due by the end of this week)



WHO?



HOW?

Lowest'
Complexity'

Intermediate'
Complexity'

Highest''
Complexity'

MODULAR “MULTI-PHYSICS” APPROACH



HOW?



CLM(ED) 

NGEE-Tropics 
“Trait-Enabled Model”

HOW?



TAKING OFF THE TRAINING WHEELS 
PROPERTIES OF VEGETATION MODELS WITHOUT CLIMATE ENVELOPES

Rosie Fisher NCAR &
Stefan Muszala, Mariana Vertenstein, Chonggang Xu, 

Nate McDowell, Charlie Koven, Ryan Knox, Jennifer Holm, 
Peter Lawrence, David Lawrence, Gordon Bonan



…WHAT TRAINING WHEELS? 

Climate envelope parameterization
from Lund-Potsdam-Jena (LPJ) DGVM 
(vegetation cannot survive outside limits) 

Paradigm: 
Vegetation climate limits are a function of simple 

climate variables, defined from current distributions

Used in: 
ORCHIDEE (IPSL),      CTEM (CanESM)
SEIB (MIROC-ESM),   CLM-DV (CESM)

Temp coldest month Temp hottest month Growing Degree Days
Plant Functional Type



Climate envelope models have circular logic 

Vegetation climate limits might change as CO2 
increases 

Is it probably not reasonable to assume that all plants 
of one class have the same climate tolerances



HOW TO PROCEED? 

The Ecosystem Demography model* we have integrated 
into the CLM:  

• Has no climatic envelopes 

• Can be parameterized directly from plant trait data 

• Predicts plant distribution as an outcome of performance 

• We can in theory use CLM(ED) for testing hypotheses of 
vegetation distribution.

*Moorcroft et al. 2001; Fisher et al. 2010; Fisher et al. in prep



AVHRR Vegetation Continuous Fields. De Fries et al. 2000 

Fraction of evergreen vegetation 

What can we observe about vegetation distribution?  



Evergreen  Needleleaf
Evergreen  Broadleaf
Deciduous Needleleaf
Deciduous Broadleaf

LEAF CONSTRUCTION HAS A       
3-WAY TRADE OFF: 

Leaf mass per area (cost)  
vs. 

Leaf Lifespan (durability)  
vs. 

Leaf Nitrogen per area (performance)

Hypothesis: The relative carbon economy of deciduous vs. 
evergreen habits can predict biome boundaries  
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Obs
Question: Does how you sample the trait space matter? 
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INITIAL LEAF BIOMASS
Leaf area index (ltree) is a function of tree 

diameter, and leaf mass per area (Ma)



INITIAL LEAF BIOMASS
Higher Ma  causes lower leaf 

area index

DBT ENT



INITIAL LEAF BIOMASS
Add in leaf mass per area (Ma,ft) 

based correction factor.  
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LEAF MAINTENANCE RESPIRATION

CLM4.5 (RYAN ET AL, 1991)

CLM4.5(ED) (ATKIN ET AL. 2015)

=0.257 gC gN-1 s-1

~0.452 gC gN-1 s-1

~0.536 gC gN-1 s-1



Total Leaf Area Index
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LEAF TURNOVER VS. TEMPERATURE
Is leaf lifespan dictated by construction cost, or the environment?



ROOT TURNOVER VS. TEMPERATURE
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(Data extracted from)  
Gill & Jackson 2000
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Conclusions
• Carbon economy of leaf habit can, in some cases, 

predict biome boundaries 

• How we use plant trait data matters for vegetation 
dynamics predictions. 

• Naïve use of plant trait databases does not necessarily 
lead to skillful prediction

• Parametric and structural ensembles are both informative 
for understanding cause & effect in model predictions. 


