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Tree mortality and 

feedback parameters 

b: Tree mortality defines the loss 

term when calculating landscape 

carbon balance.  Critical to test 

model predictions against field 

observations on the spatial and 

temporal variation in b.   

 

g: climate-carbon feedbacks  

expected to increase in importance 

relative to b as the climate warms, 

yet few models even have the basic 

structures for evaluating g 

feedbacks.  Many models treat 

mortality as a constant 1-2% yr-1, 

or have simplistic treatments of a 

few processes (e.g. drought) 

 



Overall motivating questions 

•  How will the key drivers of tree mortality change under a warming 

climate, and  

•  How will the altered disturbance regimes affect forest-atmosphere 

interactions? 

•  How do we models tree mortality in ESMs? 

 

Key drivers of mortality 

•  Wind – hurricanes and overall increased storm intensity 

•  Drought – focus on tropical forests 

•  Fire – including changes with tropical land-use 

•  Pests and pathogens – Jeff Hicke’s talk on biotic disturbance agents 

•  Temperature – complex interactions with all processes 

These processes define the terrestrial g response of Earth system 

models.  For many of these processes, terrestrial ecosystem models 

lack the structures much less effective parameterizations. 

 

What terrestrial carbon reservoirs are vulnerable to rapid release 

with a warming climate? 

Presentation Overview 







Detecting Forest Disturbance with Multispectral Imagery 

~250 ha 

blowdown 

Landsat sub-image from 2001 image – west bank 

of Rio Negro north of Manaus 

Spectral mixture analysis 

(SMA) for forested areas 

using image-derived 

endmember spectra for 

green vegetation (GV), non-

photosynthetic vegetation 

(NPV), soil, and shade in a 

linear mixture model 















Pre-Katrina: GV, NPV, Soil+ Post-Katrina: GV, NPV, Soil+ 

ΔNPV: change in wood, CWD, 

and litter reflectance 

Hurricane Katrina impact in the Pearl River Basin 

A 

Stratified random sampling of hurricane tree mortality impact using ΔNPV  



Tree mortality and damage quantified in the field 

Remote sensing metric ΔNPV 

enabled plot establishment across 

the entire disturbance gradient  
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A 

B 

•  320 million trees dead or severely damaged – 100 Tg C of dead wood 

•  Annual net U.S. forest tree carbon sink = 100 Tg C 

•  Biological climate feedback hypothesis: Increasing CO2, stronger storms, more 

dead trees, elevated ecosystem respiration, increasing CO2.   



Linking hurricane wind-fields and forest tree mortality in ESMs 



Variable tree species 

resistance to the damaging 

effects of hurricane wind 

Moderate mortality: rarely flooded 

bottomland hardwood forest 

(Quercus michauxii, Quercus nigra, 

Ulmus americana, Liquidambar 

stryacifluia, Carpinus caroliniana, 

Carya illinoensis) 

 

Heavy mortality: frequently flooded 

bottomland hardwood forest (Acer 

rubrum, Carpinus caroliniana, 

Fraxinus pennsylvanica, Liquidambar 

styraciflua, Quercus laurifolia, 

Quercus lyrata,Carya aquatica) 

 

Low mortality: constantly flooded 

cypress/tupelo forested wetland 

(Taxodium distichum and Nyssa 

aquatica) 

 



Manaus 

The Central Amazon 

Research carried out on reserves managed by Instituto Nacional de 

Pesquisas da Amazônia (INPA – National Institute of Amazon Research) 





Fujita , 1985 









Each point represents a randomly placed 

400 m2 inventory plot randomly stratified 

by NPV to ensure repeated sampling of 

the entire disturbance gradient. 

Developing relationships between remote sensing 

metrics and field-based mortality rates 



Key features of the disturbance regime for a 

Central Amazon landscape 



Estimating Tree Rates Mortality Over Large Spatial Scales:  

Single Trees to Large Blowdowns 
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Tree 

Stand 

20 m 

Plot 

Tropical Tree Ecosystem and Community Simulator (TRECOS) 

Simple stand dynamics model over-predicted 

the number of large massive trees 



Species Matter 
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Forest biomass distribution predicted much better with 

species information on maximum size 

Model also predicted that maximum age should be > 1000 years. 



Modeling Coarse Litter Decomposition and Respiration 
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tropical forests of the central Amazon. Oecologia 122:380-388. 
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What is the appropriate forest sampling 

methodology for detecting temporal 

trends in above-ground carbon stocks? 



et al. 

Many factors at play in Amazon forest 

response to drought 





Hypothesis:  Amazon trees in regions 

with a consistent annual drought less 

susceptible to drought-induced 

mortality. 

Question: How does the mortality 

threshold vary with precipitation 

seasonality across the Amazon basin? 

Lewis et al, 2011, Science 

Sombroek, 2001, Ambio  





Apr 2010 



July 2010 



Oct 2010 



May 2011 



June 2011 



Modeling drought effects 

on tropical forests 













Tree Mortality the Airborne Fraction 

Are tree mortality rates increasing with a warming climate, and will effects 

on the carbon cycle cause an observed increase in the airborne fraction?     



Summary 
 

• Tree mortality processes, which largely define the climate-carbon g 
feedback, are only rudimentarily treated in terrestrial models.   
 

• Synthetic landscape-scale studies are needed that combine modeling, 
remote sensing, field studies, and manipulative experiments to develop 
an improved mechanistic understanding of tree mortality processes.   
 

• Shifts in background mortality rates (say from a 1% to a 2% regime) 
can be just as important as episodic/catastrophic events in determining 
key climate-relevant forest-atmosphere interactions under a changing 
climate.   
 

• As climate change accelerates, it will become increasingly difficult for 
model development and evaluation to keep pace with real-time change.  
The DOE’s Next Generation Ecosystem Experiment (NGEE) approach 
(model-inspired field studies and experiments) one way to meet this 
challenge.   
 

• How are we going to model these complex tree mortality processes? 
(CAM5 video) 



Niro Higuchi, Robinson Negron-Juarez, Alan di Vittorio, Daniel Marra, 

Joerg Tews, Dar Roberts, Giuliano Guimarães, Hongcheng Zeng, Nate 

McDowell, Sassan Saatchi, Vilany Carneiro, George Hurtt, Adriano 

Nogueira, Gabriel Ribeiro, Roseana da Silva, Susan Trumbore and 

Joaquim dos Santos 



Questions? 


