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Using a terrain map of 
the Amazon Basin 
determine the stream 
routing.
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Monthly Annual

Test for Prediction of Runoff 
from the Amazon Basin





Model Testing Application

Global Change Prediction



The Ideal

Dynamic Global Vegetation Models or

DGVM’s

One important step in improving our models 
of global ecosystem dynamics is to 

incorporate the effects of structure.

The Prototype



Of course, the 
importance of 
structure to 
predict the 
amount of wood 
in a forest has 
been known for 
generations of 
foresters.



Mature spruce forest in 
Winterthur, Switzerland, undated. 

This inspires a brief discussion of height 
and structure  

as a variable to predict biomass



I’m a lumberjack 
and I’m OK …

Traditional
“German” 
Forestry



Age of Stand 
For 120 years of 
Stand History!

Number of TreesAverage Height 
of Trees
Basal Area of StandAverage 

Diameter of 
Trees

Volume of Wood



The basis for “German” yield tables is registration of 
a site by a “site index” — the height a tree on the 

site should grow in a given number of years

A site index 30 site has 
30m trees at year 50



The larger the site index, the greater 
the average diameter on a site.

Bigger trees on sites 
with higher site indices



The larger the site index, the greater
the mortality on a site.

A site index 30 location 
has fewer trees



The larger the site index, the greater 
the biomass or volume on a site.

~125 m3ha-1

Age at which a 28m site 
index stand reaches 30m



Homogeneous Landscape Models

Immediate Gains:
•Better Estimates of the Respiration and Loss 
Terms in the Models
•Better Estimates of the Global Initial 
Conditions for Models

Paradigm-Building Gains:
•Improved Estimation of Physical Parameters 
to Couple with Physical Climate Models
•Improved Representation of Internal 
Processes



Material 
Flow 
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New Dynamic Global Vegetation Models or

DGVM II’s

Mosaic Models
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Height-structured Ecosystem Model (ED)



Height-structured Ecosystem Model (ED)
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Mosaic nature 
of forest canopy 
revealed by 
airborne Lidar.  
Gap models 
simulate these 
mosaic elements 
by regenerating, 
growing and 
killing each tree 
on the simulated 
mosaic.



LANDSCAPE FOREST BIOMASS DYNAMICS

Mature Amazonian Rain Forest Canopy



Forest Gap-Dynamics Cycle

Lidar Image of Mature 
Tropical Rain Forest

In a mature forest, one expects 
the canopy to be a mosaic of 
spatial elements about the size 
of a large tree crown.  These 
elements go through a cyclical 
recovery cycle.

What do gap dynamics tell us
about forest biomass dynamics?



Expected Biomass Change 
Recovery from Disturbance

Carbon Sink

Carbon Source

Carbon Sink

time

Mature forest is a mosaic.

Carbon disturbance 
recovery dynamics 
are non-linear as the 
all-aged successional 
patches become 
desynchronized to 
produce the mixed-
aged mature-forest 
mosaic.

Successional patches 
recovering from 
disturbance



The non-equilibrium 
dynamics at the level of a 
small plot in the forest 
and their synchronization 
produces an expected 
landscape biomass 
dynamics.

Small-Scale Dynamics

Large-Scale Dynamics

≠



Depending on antecedent history, a forest with the biomass level 
associated with a mature forest, could be storing carbon, losing carbon or 
staying the same.

This means that a single 
biomass “snapshot” does not 
completely reveal forest carbon 
dynamics.



Expected Biomass Change 
Recovery from Disturbance

Prediction of the 3-D 
structure of forests is 

essential to the 
predictive capability 

needed for ecosystem 
sustainability.



Time
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Diverse Forests, 
High-diversity 
individual-based 
Models

Boreal and Low-diversity 
Temperate Forests, Low-
diversity individual-based Models

“Metabolic” DGVM’s



This is a class of 
models that has 

significant 
synergism —

using and 
interpreting 3-D 

data

Mosaic Landscape Models

Structural data from space will provide global-
scale model tests involving prediction of 3-D 
statistics of forest canopies and other patterns.

At the same time, mosaic models can enrich 
remotely sensed data.  These models provide a 
priori estimates of future dynamics of biomass 
based on forest structure and give a capability to 
explore the expected effects of global change on 
forest structure.
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Measuring Wildfire Fuel

Vegetation Map Stem Biomass

0            5            10         15
kg/ha

Crown Biomass

0       1      2        3      4     5
kg/ha





Interactive Mosaic Models

For models of spatially propagated phenomena (insect 
pests, wildfire, dispersal of species), the availability of 
global structural data for forests would lift one of the 
principal limitations to the large area applications.  

It is significant that these spatial phenomena and their 
dynamics could be expected to change  with global 
change, notably climate change.  Our characterization 
of these spatial dynamics are a major source of 
uncertainty in our predictive capability.







FAREAST: An Example Individual-based
Boreal Forest Simulator

Growth:
•Available Light

•Soil Moisture
•Site Quality

•Growing-Degree 
Days

•Depth of Thaw
•Diameter

•Age
•Height

Mortality:
•Stress

•Fire
•Insects

•Age

Regeneration:
•Available Light
•Soil Moisture
•Site Quality
•Depth of Thaw
•Seed Bed
•Seed Availability
•Sprouting
•Layering



Biomass

Composition

Individual-based Models can be Applied 
over Large Areas



The Ideal The Prototype

Dynamic Global Vegetation Models or

DGVM’s

One important step in improving our models 
of global ecosystem dynamics is to 

incorporate the effects of structure.
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Spatial Pattern 
in Douglas-fir 
Forests



450+ year-old forest

140

80





Successional Patterns Simulated 
by the ED Model
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Successional Patterns Simulated 
by the ED Model
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Talk to follow by Ralph Dubayah 
will provide more details
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